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Brainstem Activity Predicts Attachment-Related Anxiety
Yoshiaki Kikuchi†, Yohan Matsutani, Kumiko Mori, Kenji Hanada, Yuko Shirakawa, Maki Shirato, Madoka Noriuchi
Abstract
Objective: Attachment security serves as a critical resource for individuals to preserve
relationship quality. However, insecure attachment interrupts it and seriously influences
mental/physical health. Therefore, it is important to clarify the correlations between brain
activity and attachment-related anxiety and its avoidance.
Methods: We investigated these correlations in healthy male subjects by using functional
magnetic resonance imaging (fMRI) while they were viewing their partner.
Results: The brain regions that were significantly activated for the partner vs. unknown
females were the anterior cingulate cortex (ACC), posterior cingulate cortex (PCC), dorsal
raphe nucleus (DRN), pontine raphe nucleus (PRN), and locus coeruleus (LC) in a whole-brain
analysis. A region of interest (ROI) analysis showed that the DRN, periaqueductal grey (PAG),
hypothalamus, anterior insula (AIC), substantia nigra/ventral tegmental area (SN/VTA), ACC,
PCC and intraparietal sulcus (IPS) were significantly activated. Furthermore, activity in the
DRN, SN/VTA, and LC negatively correlated with attachment-related anxiety.
Conclusions: There were individual differences in the correlations between the brainstem
activity and attachment-related anxiety, although brain activity in our subjects was more similar
to that observed in long-term intense romantic love and maternal love compared to that in
early-stage romantic love. These brainstem regions are the primary sites of neurotransmitters
which modulate basic functions of survival, and also play key roles for maintenance of
secure relationships with a partner. This finding might be useful to assessment of the risk of
breakdowns by factors of the attachment style.
Keywords
Romantic love, Attachment anxiety, dorsal raphe nucleus (DRN), locus coeruleus (LC),
substantia nigra/ventral tegmental area (SN/VTA)
Introduction
Romantic love is one of the greatest sources of
natural rewards, and pair bonds have enabled
humanity to survive and flourish. Three
different phases in romantic relationships have
been defined (Garcia, 1998). The first phase is
called “being in love,” which is characterized
by high passion, a rapid rise in intimacy, and
increased commitment [1], and usually lasts
around half a year. Love, during this phase, has

the characteristics of both excitation and stress
[2,3], which is caused by insecurity and can lead
to mood changes via elevation of cortisol levels.
After several months [1,3-5], the initial phase
of euphoria, excitation, and stress evolves into a
phase of “passionate love” [1], which is dominated
by feelings of safety, calm, and balance [3]. Levels
of several neuroendocrine factors, which had
been abnormal in early romantic love, including
neural growth factor (NGF) [6], platelet
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serotonin transporter [4], and abnormalities in
the hypothalamic-pituitary-adrenaline (HPA)axis [5], have by this time returned to normal.
In this second phase, passion remains high, and
intimacy and commitment continue to steadily
increase [1]. Stress is decreased, which may
result in several health benefits [7]. In addition,
oxytocin and vasopressin are believed to be the
major neurochemical factors during this phase
because they are involved in the formation of
strong pair bonds between the couple [3]. The
phase of passionate love usually lasts several years
before evolving into “companionate love.” This
phase is characterized by a decrease in passion,
whereas intimacy and commitment remain high
[1]. Again, oxytocin and vasopressin are thought
to be the dominant hormones, reinstating and
maintaining pair bonds between the couple [3].
Neuroimaging studies have shown similarities
and differences in brain activity between the
early-stage intense romantic love (~half a year)
[8] and the long-term intense romantic love
(~20 years) phases [9]. Although brain regions
involved in the dopamine reward system
including SN/VTA were commonly activated in
both forms of love, serotonergic DRN activity
was found in long-term romantic but not
early-stage romantic love. This latter finding
supports the view that long-term romantic love
is characterized by security and calm [3], whereas
early-stage romantic love is characterized by
insecurity and stress [2,3]. Furthermore, brain
activity in long-term intense romantic love was
shown to be similar to that observed in maternal
love. It has been shown that several brain regions
including the SN/VTA, DRN, insula, ACC and
PCC are commonly activated in maternal love
(Bartels & Zeki, 2004) and long-term intense
romantic love [9].
In addition to the duration/stage of a relationship,
its quality is highly important for maintaining
appropriate partner relationships. Relationship
quality is associated with physical health, life
satisfaction, stress-buffering, self-esteem, and
psychological well-being [10-13]. In addition,
low relationship quality may increase the risk of
breakdown of intimate relationships including
divorce and separation, and even the risk of suicide
after breakdowns. Among the various factors
influencing relationship quality, individual
differences in attachment style are considered
to be specifically important. In general, there
are individual differences in attachment style
along two continuous dimensions: Attachmentrelated anxiety and attachment-related avoidance
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[14]. The anxiety dimension reflects the degree
to which an individual is worried about being
rejected, abandoned, or unloved. The avoidance
dimension reflects the degree to which an
individual avoids intimacy and interdependence
with others. Individuals with a secure attachment
style are low in both avoidance and anxiety; they
are comfortable with intimacy and confident that
they are loved and valued by others. In contrast,
various forms of insecure attachment styles are
characterized by high levels of anxiety, avoidance,
or both. Attachment insecurity consistently
predicts relationship dissatisfaction [15-18]. For
example, anxious people tend to desire greater
intimacy than they report having, because they
cannot achieve the intense intimacy they want or
because their desire for excessive closeness pushes
away their partner [19]. In addition, individuals
high in attachment anxiety are more reactive to
day-to-day changes in their partners’ behavior.
It is suggested that this intense focus on dayto-day relationship events may explain why
anxious individuals and their partners experience
less relationship quality; their relationships feel
more turbulent and less stable because they
focus on daily events rather than on long-term
experiences [20]. These facts suggest that highly
anxious individuals show different brain activity
involved in emotion regulation compared to less
anxious individuals.
Based on these considerations, we hypothesized
that more anxious individuals would show lower
activation in the brainstem regions that are
the primary sites of several neurotransmitters
important for emotion regulation such as
serotonin compared to less anxious individuals,
despite the likelihood that the love-related brain
regions, such as the SN/VTA would be more
activated even only by viewing their partner’s
face, compared with the faces of unknown
females. To investigate individual differences
in attachment style, we examined healthy male
participants who reported that they loved their
partner at the time of the fMRI experiment,
irrespective of their age, their marital/relationship
duration, and whether or not they were married.
Materials and Methods
 Participants

Participants were 17 Japanese adult males, aged
22 - 43 years (31.4 ± 7.7), who were currently
in a marital/romantic relationship and reported
being in love; mean relationship duration was 5.6
± 5.4 years (0.3 - 18.0). Eleven participants were
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married to their partners (marital duration 5.2 ±
5.9 years, age 35.0 ± 6.8 years), and six were not
(relationship duration 1.7 ± 1.3 years, age 24.8
± 3.7 years). All participants were right-handed
according to the Chapman test (13.7 ± 1.3), and
no participant reported being on medication.
This study was approved by the Research Ethics
Committee of Tokyo Metropolitan University
and all participants provided their written
informed consent before participating in this
study.
 Experimental design and procedures

Participants viewed the photo stimuli in the MRI
scanner via goggles that allowed the photos to be
projected. Two kinds of stimuli were presented
in an alternating block design for a total of 363
sec (6.05 min): (a) romantic partner (five kinds
of photos of the participant’s partner’s face), and
(b) control (photos of five different unknown
female faces). Each stimulus was presented for 3
sec with a 3-sec interval. Stimulus presentation
order was counterbalanced across participants.
Each photo was randomly presented six times.
 fMRI data analysis

Scanning was conducted using a 3.0 T MRI
system (Achieva Quasar Dual, Philips). BOLD
T2*-weighted MR signals were measured
using a gradient echo-planar imaging (EPI)
sequence (TR = 4,000 msec, TE = 35 msec,
flip angle = 90°, FOV = 23 cm2, scan matrix
= 128 × 128, slice thickness = 6 mm, 20 slices
per volume). Image processing was carried out
using Statistical Parametric Mapping software
(SPM8, Wellcome Department of Imaging
Neuroscience, London, UK; http://www.fil.ion.
ucl.ac.uk/spm/software/spm8). EPI images were
realigned and normalized based on the MNI
(Montreal Neurological Institute) stereotactic
space. Normalized images were smoothed using
an 8-mm full-width half-maximum Gaussian
kernel. The data were temporally convolved with
the hemodynamic response function (HRF) and
high-pass filtered with a cutoff period of 128 sec.
Each of the visual stimuli (partner and control)
was modeled using a separate regressor. In the
second-level between-subjects whole-brain
analysis, we tested whether each of the contrasts
(partner vs. control and control vs. partner)
was significant, with a height threshold of p <
0.001 and an extent threshold of p < 0.05 (FDR,
corrected). For the ROI analysis, we set the
brain regions which had been identified in the
studies on early-stage intense romantic love by
Aron et al. long-term intense romantic love by
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Acevedo et al. romantic love by Bartels and Zeki
and maternal love by Bartels and Zeki as a set of
spherical regions of interest (ROIs; radius 5 mm)
in the contrast of the partner vs. control, and
tested their significance by using a small-volume
correction (SVC; p < 0.05, FWE) [8,9,22].
 Analysis of subjective ratings

The participants were also asked to complete the
following four questionnaires: The Passionate
Love Scale (PLS) [23], the NEO-Five Factor
Inventory (NEO-FFI) [24], the Experiences
in Close Relationships inventory (ECR; Fraley
et al., 2000 [25]), and the Brief Core Schema
Scale (BCSS; Fowler et al., 2006). The PLS scale
was specifically designed to assess the cognitive,
emotional, and behavioral components of
passionate love. We confirmed the difference
between partners and controls using a paired-t
test (p < 0.05). The NEO-FFI was administered
to assess the constellation of traits defined by
the Five Factor Theory of Personality (i.e.,
“openness,” “conscientiousness,” “extraversion,”
“agreeableness,” and “neuroticism”). The ECR
is designed to assess individual differences with
respect to attachment-related anxiety (i.e., the
extent to which people are insecure vs. secure
about the availability and responsiveness of
romantic partners) and attachment-related
avoidance (i.e., the extent to which people are
uncomfortable being close to others vs. secure
depending on others) [26,27], with 18 items
rated on a 7-point scale from 1 (not very true of
me) to 7 (very true of me). The BCSS includes 24
items assessing beliefs about the self and others
that are assessed on a 5-point rating scale (0 - 4).
Four scores are obtained: Negative-self, positiveself, negative-others, and positive-others.
Next, to assess the relationship between brain
activity and the subjective ratings, we conducted
simple regression analyses with the eigenvariate
value for each of the spherical ROIs (radius: 5
mm) whose center was the peak voxel in each
cluster showing significant activity in the wholebrain partner vs. control contrast and the ROI set
by the SVC test as the dependent variable, and
the PLS as the independent variable (p < 0.05).
In addition, we conducted multiple regression
analyses with the eigenvariate values for the
above-mentioned brain regions as the dependent
variable, and the ECR items (“anxiety” and
“avoidance”) as independent variables (p < 0.05).
Furthermore, we conducted multiple regression
analyses with each attachment anxiety and
avoidance as dependent variables, and each BCSS
326
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item and NEO-FFI item as the independent
variable. We checked the residuals for all
regression analyses by performing the ShapiroWilks (S-W) test of normality (p < 0.05), and
calculated the Durbin-Watson statistic for the
null hypothesis of no autocorrelation. Statistical
analysis was carried out using SPSS version 21.0
software (SPSS, INC., Chicago, IL).
Results
 Subjective ratings

The mean partner PLS score was 109.88 ± 18.09,
which indicates “extremely passionate love”
[23]. In contrast, the mean score for controls
was 21.26 ± 12.80, indicating “extremely cool.”
Compared with the controls, the participants
showed significantly higher PLS scores for
their partners (paired-t test; t = 19.36, df = 16,
p < 0.001). Average scores for ECR anxiety
and avoidance were 3.73 ± 0.95 and 3.64 ±
1.05, respectively. Moreover, the frequency
of anxiety and avoidance showed a normal
distribution (anxiety: S-W statistic = 0.963, p
= 0.686 / avoidance: S-W statistic = 0.983, p =
0.979; Figure 1). Average NEO-FFI scores for
“openness,” “conscientiousness,” “extraversion,”
“agreeableness,” and “neuroticism” were 32.3
± 6.2, 27.8 ± 7.7, 27.4 ± 8.6, 30.2 ± 4.8, and
24.7 ± 7.1, respectively. Average BCSS scores for
“self-negative,” “self-positive,” “negative-others”
and “positive-others” were 3.35 ± 2.28, 6.94 ±
4.75, 1.82 ± 3.03 and 8.82 ± 4.94, respectively.
“Attachment anxiety” scores were positively
correlated with “neuroticism” (NEO-FFI;
adjusted R2 = 0.219, t = 2.343, p = 0.033;
S-W statistic = 0.929, p = 0.210; D-W statistic
= 1.464) and “self-negative” scores (BCSS;
adjusted R2 = 0.433, t = 3.707, p = 0.002; S-W
statistic = 0.958, p = 0.603; D-W statistic =

2.179), and “attachment avoidance” scores were
negatively correlated with “extraversion” (NEOFFI; adjusted R2 = 0.587, t = -4.005, p = 0.001;
S-W statistic = 0.934, p = 0.258; D-W statistic =
2.421), showing no significant correlations with
BCSS scores.
 Partner vs. control contrast

As shown in Table 1, Figure 2 and 3, the brain
regions significantly activated in the whole
brain for the partner vs. control contrast were
the right ACC, PCC, DRN, PRN, and LC. In
contrast, there was no brain region significantly
activated for the control vs. partner contrast.
ROI analyses showed that the DRN ((2 -26
-22), p = 0.002, FWE, long-term love (Acevedo
et al., 2011 [9]); (2 -24 -18), p = 0.003, FWE,
long-term love (Acevedo et al., 2011 [9]); (-2 -24
-16), p = 0.011, FWE, long-term love (Acevedo
et al., 2011 [9]); Figure 4), the PAG ((2 -32
-24) [Talairach coordinates: TAL]: (3 -35 -28)
[MNI], p = 0.000, FWE, long-term love [9]
(Acevedo et al., 2011 [9]) & maternal love
(Bartels and Zeki, 2004 [22]); Figure 4), the
hypothalamus ((2 -8 -6), p = 0.020, FWE, longterm love (Acevedo et al., 2011 [9]); Figure 4);
the anterior insula (AIC) ((-38 8 -14), p = 0.002,
FWE, long-term love (Acevedo et al., 2011 [9]);
Figure 4), the SN/VTA ((4 -20 -16), p = 0.009,
FWE, long-term love (Acevedo et al., 2011 [9]);
(14 -22 -14) [TAL]: (16 -23 -18) [MNI], p =
0.035, FWE, maternal; Figure 5), the ACC ((10 26 30) [TAL]: (-10 32 26) [MNI], p = 0.015,
FWE, maternal love (Bartels and Zeki, 2004
[22]); (-4 30 24) [TAL]: (-3 36 19) [MNI], p
= 0.003, FWE, romantic; (5 25 24) [TAL]: (7
31 19) [MNI], p = 0.004, FWE, early-stage
romantic love (Aron et al., 2005 [8]); Figure
4), the intraparietal sulcus (IPS)/inferior parietal
cortex ( (30 -74 30) [TAL]: (34 -7436) [MNI],
p = 0.001, FWE, maternal love (Blank and Zeki,

Figure 1: Frequency distribution of attachment-related anxiety and avoidance scores in all subjects.
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Table 1: Brain activity in the partner vs. others contrast.
L/R

Brain region

Partner vs. Control
R

anterior cingulate gyrus

L

posterior cingulate gyrus

R
R
R

posterior cingulate gyrus
pontine raphe nucleus
dorsal raphe nucleus
locus coeruleus

Control vs. Partner

none

MNI coordinates
x
y

z

2
4
-4
-4
6
0
6
6

20
24
32
44
32
-26
-24
-16

38
26
-22
-22
-16
-24
-32
-26

voxels

T-value

110

4.73
4.15
4.98
4.78
7.15
5.09
6.57
4.78

367

107

Figure 2: Sagittal view (x = 2 mm) of whole-brain activity. The ACC, PCC, and PRN were significantly activated by viewing the partner’s face compared with
viewing the face of unknown females’ faces.

Figure 3: Sagittal view (x = 6 mm) and coronal view (y = -26 mm) of whole-brain activity. The ACC, PCC, and PRN were significantly activated by viewing the
partner’s face compared with viewing the face of unknown females’ faces.
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2004 [22]); Figure 5), and the PCC ((1 -25 28)
[TAL]: (3 -22 29) [MNI], p = 0.000, FWE,
early-stage love (Aron et al., 2005 [8]); Figure 4)
were significantly activated.
 Correlations with subjective ratings

Correlation analyses showed that DRN and LC
activation were both negatively correlated with
the ECR anxiety scores (DRN: adjusted R2 =
0.21, t = -2.31, p = 0.035; S-W statistic = 0.915,
p = 0.122; D-W statistic = 2.06/ LC: adjusted
R2 = 0.19, t = -2.20, p = 0.044; S-W statistic =
0.956, p = 0.551; D-W statistic = 2.78; Figure
3). The IPL activation was negatively correlated
with PLS scores (adjusted R2 = 0.27, t = -2.62,
p = 0.019; S-W statistic = 0.960, p = 0.632;
D-W statistic = 1.88; Figure 5). Moreover,
SN/VTA activity ((14 -22 -14) [TAL] ((16 -23
-18) [MNI]), maternal love (Bartels and Zeki,
2004 [22])) negatively correlated with the ECR
anxiety score (adjusted R2 = 0.34, t = -2.78, p =
0.014; S-W statistic = 0.974, p = 0.891; D-W
statistic = 2.62; Figure 5).

Discussion
Bowlby have argued that individuals develop
cognitive-affective representations or internal
working models of their experiences in
attachment relationships from infancy onwards
[28]. Individuals who have reliably received
sensitive care are disposed to develop generally
positive representations of themselves and
others, or in other words, secure attachment. In
contrast, individuals with a history of negative
experiences with attachment figures can develop
conditional attachment strategies, which take
two fundamentally different forms. One is a
hyperactivated attachment system, characterized
by high anxiety and the use of excessive attempts to
get attention and care from another, and the other
is a deactivated attachment system, characterized
by avoidance of closeness and support, seeking
and maintaining a strong reliance on the self
[29,30]. In our study, attachment-related
anxiety was negatively correlated with several
regions in the brainstem (Figure 3,5), whereas

Figure 4: Superposition of ROIs which showed significance in the ROI analysis and the corresponding clusters in the whole brain. Clusters of the ACC,
the PCC, and the DRN are represented with a height threshold of p < 0.001 and an extent threshold of p < 0.05 (FDR, corrected). The PAG, AIC, and
hypothalamus ROIs are superposed on the corresponding cluster, respectively (PAG, AIC, p < 0.001, clusters > 10; hypothalamus, p < 0.005, clusters >
10). Each box shows the superposition for the corresponding cluster.
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Figure 5: Significant negative correlations between SN/VTA activity showing significance in the ROI analysis and attachment-related anxiety (left), and
between IPS activity showing significance in the ROI analysis and PLS scores (right) (p < 0.001, clusters > 10). Each box shows the superposition for the
corresponding cluster.

attachment-related avoidance did not show any
significant relationships with specific regions.
Our participants had 6-year relationships, on
average, and they were classified as “being in
highly passionate love” according to the PLS.
Furthermore, the ROI analyses showed that
the DRN (Acevedo et al., 2011 [9]), the PAG
(Acevedo et al., 2011 [9]; Bartels and Zeki, 2004
[22]), the hypothalamus (Acevedo et al., 2011
[9]), the AIC (Acevedo et al., 2011 [9]), the SN/
VTA (Acevedo et al., 2011 [9]; Bartels and Zeki,
2004 [22]), the ACC (Bartels and Zeki, 2004
[22]; Bartels and Zeki, 2000 [21], Aron et al.,
2005 [8]), the IPS/IPL (Bartels and Zeki, 2004
[22]), and the PCC (Aron et al., 2005 [8]) were
significantly activated when photos of partners
were viewed, showing that brain activity in our
study was more similar to that observed in longterm intense romantic love and maternal love
than that found in early-stage romantic love.
Among the activated brainstem regions, there
were individual differences in the activity of some
regions, depending on the degree of attachmentrelated anxiety. These brain regions were the
dopaminergic SN/VTA, the serotonergic DRN,
and the adrenergic LC.

The SN/VTA is centrally placed in a wider
motivational/reward
network
associated
with behaviors necessary for survival [3133]. Findings from diverse fMRI studies of
romantic love provide strong evidence that the
dopaminergic reward system, including the SN/
VTA, is associated with early-stage romantic
love, long-term romantic love, and maternal
love. Goal-directed behavior, necessary to
obtain rewarding stimuli, is consistent with
characteristics of pair bonds and romantic
love as being a motivation associated with a
specific set of behavioral characteristics, such
as proximity-seeking, working to make the
partner happy, and rejection of unfamiliar
conspecifics [8, 34]. These behaviors serve to
initiate, maintain, and protect the pair bond
as evidenced by research using animal models
[35-38]. Therefore, attachment-related anxiety
may decrease the reward value of partners and
the motivation for maintaining and developing
relationships. The DRN is a serotonin-rich site,
and serotonin is implicated in love and pair
bonding. “Felt security” is one of the set goals of
the attachment system [39], and pain and stress
reduction is associated with the representation
330
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of an attachment figure [12,40]. Moreover,
reduction of serotonergic functions is associated
with heightened rates of “neuroticism” [41],
which was positively correlated with attachmentrelated anxiety in our study. Furthermore, stress
has been shown to downregulate serotonin
receptors in the raphe nuclei [42]. Depletion
of central serotonin is also found in several
psychiatric disorders including obsessivecompulsive disorder (OCD) [43], depression
[44], eating disorders [45], and anxiety disorders
[46]. Accordingly, attachment-related anxiety
is thought to increase insecure feelings towards
the relationship with a partner. Moreover, recent
promising results strengthen the pivotal role of
serotonin in reward processing. DRN neurons
provide a tonic firing pattern related to expected
and received reward values, whereas SN/VTA
neurons exhibit phasic responses related to
reward-prediction errors. The PRN also plays
a critical role in affective regulatory functions
[47-50]. Patients with bipolar disorders exhibit
reduced serotonergic functioning in the PRN
[47,48], and both the anatomical and functional
connectivity of the PRN with other affective
networks predicts the affective states and
emotional reactivity of healthy persons [49]. The
DRN and PRN show different brain projections
[50], and animal evidence indicates that acute
stress alters serotonergic functions in the PRN
but not the DRN [51]. In fact, the PRN did not
correlate with attachment-anxiety in the present
study, although it was significantly activated by
viewing the partner compared with unknown
females. The LC is the site of synthesis and
release of the neurotransmitter norepinephrine,
and the neurons of the LC are important in
a variety of cognitive, affective, and other
behavioral functions, as well as associated clinical
dysfunctions (e.g., depression, anxiety, sleep and
circadian disorders [52]). Compared to healthy
controls, depressed individuals display reduced
gray matter density in this region [53-55]. The
LC is also one of the primary sites mediating
the stress response as well as a site of action of
anti-depressant drugs [56]. Norepinephrine is
thought to act as a modulatory agent, modulating
serotonin and dopamine release through
projections into the SN/VTA and the DRN
[55,57,58]. Furthermore, there is evidence that a
bias toward negative memories and emotions in
depression may be related to norepinephrine, and
that potentiation of norepinephrine results in
increased recognition of positive emotions [59].
Furthermore, the LC plays a very specific role
in retrieval of emotional memories and saliency
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[60]. These facts suggest that attachment-related
anxiety increases negative emotions associated
with the retrieval of emotional memories
regarding the relationship with a partner.
In addition, the ACC (whole-brain and ROI
analyses; Figure 2 and Figure 4) and the AIC
(ROI; Figure 4) were significantly activated in
the present study. The AIC and ACC contain a
specialized class of neurons, the Von Economo
neurons (VENs), which display distinctive
anatomical and functional properties [61,62].
The VENs have wider axons, which can facilitate
rapid relay of signals from the AIC and ACC
to other cortical regions [63], endowing the
salience network with distinct mechanisms for
signaling within and across the network. This
network, together with interconnected brain
networks, contributes to a variety of complex
brain functions, including communication,
social behavior, and self-awareness through the
integration of sensory, emotional, and cognitive
information [64-66]. ACC activation has been
commonly reported in studies of early-stage
romantic love [8,21] (Aron et al., 2005; Bartels
& Zeki, 2000), long-term romantic love [9]
(Acevedo et al., 2011), maternal love [22]
(Bartels & Zeki, 2004), and unconditional love
[67] (Beauregard et al., 2009). Moreover, some
studies have implicated the ACC in cardinal traits
of romantic love: obsessive thinking [68-70] and
pleasant touching [71]. Furthermore, positive
correlations with the ACC as well as the AIC and
the striatum have been shown for trials in which
another individual gains at the expense of oneself
[72], suggesting that this activity reflects highly
empathetic attitudes towards their partner.
The insula has been highlighted in numerous
studies involving emotion and is thought to be
important for social behaviors, socioemotional
behaviors, and empathy [73]. Moreover, the
insula is involved in processing caress-like
touching between individuals [74], and is
thought to be important for affiliative behavior
between individuals. In our study, the left AIC
ROI was significantly activated, suggesting
parasympathetic activity associated with viewing
the partner, since left insula stimulation produces
parasympathetic effects (bradycardia and blood
pressure depression), whereas stimulation of
the right insula produces sympathetic effects
(tachycardia and blood pressure elevation) [75]
(Oppenheimer, et al., 1992). Moreover, PAG
activation mediates the autonomic changes
associated with emotions, and the resulting
changes in the physiological state of the body are
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fed back through the thalamus to the insula and
the ACC [58]. Previous fMRI studies [22,76]
support the view that the PAG is involved in
human maternal behavior. This structure is
heavily connected with various limbic regions
and contains a high density of oxytocin receptors
[77]. Oxytocin is a hypothalamic neuropeptide
that has been widely implicated in the
regulation of positive social interactions, social
bonding, and maternal responsiveness in several
mammalian species, including humans [78]. In
addition, PAG activation is involved in feeling
unconditional love towards individuals with
intellectual disabilities [67], and men display
significantly higher PAG rCBF (regional cerebral
blood flow) than women when experiencing an
orgasm [79]. These observations suggest that
the PAG is involved in caregiving motivation
and empathy. Furthermore, IPS activation
was negatively correlated with PLS scores in
our study. The IPS shows activation when
individuals assess physical distance between
themselves and external objects, suggesting that
the IPS is involved in self-referential (egocentric)
spatial coding of external objects/the world
[80, 81]. Furthermore, the parietal cortex
subserves analytic functions in evaluating social
relationships and distance including personal
space [82]. Neurons in the IPS exhibit activities
that appear to represent values regarding other
agents such as females, subordinates, and
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