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Romantic relationship, a widespread feature of human society, is one of the most
influential factors in daily life. Although stimuli related to romantic love or being in
a romantic relationship commonly result in enhancement of activation or functional
connectivity of the reward system, including the striatum, the structure underlying
romantic relationship-related regions remain unclear. Because individual experiences
can alter gray matter within the adult human brain, we hypothesized that romantic
relationship is associated with structural differences in the striatum related to the positive
subjective experience of being in a romantic relationship. Because intimate romantic
relationships contribute to perceived subjective happiness, this subjective enhancement
of happiness might be accompanied by the experience of positive events related to
being in a romantic relationship. To test this hypothesis and elucidate the structure
involved, we compared subjective happiness, an indirect measure of the existence of
positive experiences caused by being in a romantic relationship, of participants with or
without romantic partners (N = 68). Furthermore, we also conducted a voxel-based
morphometry study of the effects of being in a romantic relationship (N = 113). Being in
a romantic relationship was associated with greater subjective happiness and reduced
gray matter density within the right dorsal striatum. These results suggest that being in a
romantic relationship enhances perceived subjective happiness via positive experiences.
Furthermore, the observed reduction in gray matter density in the right dorsal striatum
may reflect an increase in saliency of social reward within a romantic relationship. Thus,
being in a romantic relationship is associated with positive experiences and a reduction
of gray matter density in the right dorsal striatum, representing a modulation of social
reward.
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INTRODUCTION

Romantic love, which is essentially a human universal, is
widespread across cultures throughout the world (Jankowiak
and Fischer, 1992) and is presumed to be experienced
by the vast majority of people. Romantic love serves as
an evolutionary device that encourages couples to stay
together and attend to their helpless infants (Gonzaga and
Haselton, 2008). Additionally, higher levels of commitment
in romantic relationships are associated with a tendency
to underrate attractive alternatives (Johnson and Rusbult,
1989; Maner et al., 2009); thus, romantic love functions to
maintain relationships and diminish the desire to search
for alternative mates. In this sense, romantic love is an
essential aspect of well-being and positive experience in human
society.

Romantic love can be regarded as a deep and meaningful
affective state. Romantic love begins as passionate love, which
is a state of total absorption between two individuals (Berscheid
and Walster, 1978). As the concept of “you and me” transitions
to the concept of “us,” romantic love has a positive impact
on ones existence (Aron et al, 1995). Furthermore, we can
become emotionally dependent on a partner for happiness
within an intimate relationship (Hazan and Shaver, 1987). Strong
romantic relationships are accompanied by subjective happiness
(Diener and Seligman, 2002), which leads to improvements
in mental health (Glenn, 1975; Gove et al, 1983). Possibly
due to the positive consequences of being in a romantic
relationship, by early adulthood, time with romantic partners
increases at the expense of involvement with friends (Reis
et al., 1993). In this sense, being in a romantic relationship
is one of most positive influential experiences of human
adulthood.

In terms of neural underpinnings, romantic love has a specific
neuropsychological signature, including the release of hormones
such as dopamine (Takahashi et al., 2015). Dopamine tends to
be focused on the nucleus accumbens of the ventral striatum
through pair bonding (Aragona et al., 2006). Photographic
or video images of a romantic partner activate the dorsal
striatum, another target of dopaminergic projections (Bartels and
Zeki, 2000, 2004; Aron et al., 2005; Xu et al., 2011; Acevedo
et al, 2012). The dorsal striatal activation associated with
viewing a beloved person is enhanced by attention (Langeslag
et al, 2014). Furthermore, the mere presence of a romantic
partner suppresses pain-related processes (Coan et al., 2006;
Master et al., 2009; Eisenberger et al., 2011), concomitant with
activation of the reward system including the dorsal and ventral
striatum (Younger et al,, 2010). In addition to the changes
observed when participants perceived stimuli related to their
romantic partners, resting state fMRI of persons in a romantic
relationship revealed increased functional connectivity within
the reward network, including the striatum, in comparison
with persons whose relationships had ended or who had
never been in love (Song et al, 2015). Thus, the striatal
component of the reward system represents romantic love or
relationship, indicating that the striatum plays a pivotal role in
this phenomenon.

However, it remains unclear how romantic love or relationship
is relate to human neural systems, i.e., we do not yet know
which neural structure beyond the response of the striatum (i.e.,
striatal structure) are related to romantic love or relationship.
Individual differences in adult brain structure are a rich source
of information about the variability of a huge range of behaviors
(Kanai and Rees, 2011). Furthermore, individual experiences
can cause alterations in the gray matter of the adult brain,
accompanied by synaptic remodeling (Zatorre et al., 2012).
Because romantic love is one of most influential positive
experiences for human beings, being in a romantic relationship
might be accompanied by changes in the underlying neural
structures. In terms of structural modulation, the striatum is
tuned to respond to reward with subsequent influence on
approach behavior (Langen et al.,, 2011). As with stimuli related
to a romantic partner, viewing of sexual stimuli activates the
reward system (Redoute et al, 2000). Furthermore, a history
of time spent consuming visual sexual stimuli reduces gray
matter volume in the right caudate (Kuhn and Gallinat, 2014).
Other kinds of stimuli related to approach behaviors have
similar effects. Patients with cocaine dependence or alcoholism
exhibit reduced gray matter density in both the dorsal (Barros-
Loscertales et al., 2011) and ventral striatum (Makris et al., 2008).
The reduction in gray matter density in the dorsal striatum of
cocaine-dependent patients may be associated with an enhanced
response to reward, accompanied by deficits in inhibitory
control (Barros-Loscertales et al., 2006). Similar to cocaine-
dependent patients, person in early-stage romantic love exhibit
reduced cognitive control (van Steenbergen et al., 2014), thus
addiction and romantic relationship might share common striatal
structures at least some extent. Based on these observations,
we hypothesized that the striatal gray matter density should be
reduced in people in romantic relationships through positive
experiences.

To test this hypothesis, we measured the subjective happiness
of two groups of participants, being in (in-relationship) and not
being in (no-relationship) romantic relationship, to investigate
the existence of positive experiences mediated by involvement
of a romantic relationship. Based on the rewarding nature
of romantic love (Bartels and Zeki, 2000; Aron et al., 2005),
humans might have positive experiences at a higher frequency
than negative experiences during a long period of time spent
with a romantic partner. These positive experiences related to
romantic love should enhance subjective happiness, especially
in people involved in happy/functional relationships (Proulx
et al,, 2007). In this sense, subjective happiness is a suitable
indirect measure of the existence of subjects’ positive experience
related to being in a romantic relationship, even though it
might be an inappropriate indirect measure of the amount of
positive experience. In terms of subjective happiness rating, we
expected that participants with a romantic partner would report
higher subjective happiness. Next, we conducted voxel-based
morphometry (VBM) study to investigate structural differences
between the in-relationship and no-relationship groups. We
expected to observe reduced gray matter density in the striatum
of the in-relationship group. As individuals in early-stage
romantic couples perceive their partners as rewarding (Burkett
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and Young, 2012), we selected people in early-stage romantic
relationship as participants.

MATERIALS AND METHODS

Data are presented as means =+ standard error of the mean (SEM)
unless otherwise indicated.

Participants

Participants were divided into two groups (in-relationship and
no-relationship). The in-relationship group comprised 56 healthy
volunteers (32 males and 24 females; age = 21.8 £ 0.3 years)
with a reported duration of “being in a romantic relationship”
of 17.0 = 2.0 months [i.e., early-stage romantic relationships,
as in a previous study (Takahashi et al, 2015)]. The no-
relationship group comprised 57 healthy volunteers (32 males
and 25 females; age = 21.0 £ 0.2 years). All participants
were undergraduate or graduate university students. There was
no significant difference in age between the two groups, as
determined by ¢-test [#(111) = 1.84, p = 0.07].

In addition, we required participants to complete the
subjective happiness scale (SHS, described later) immediately
after the magnetic resonance imaging (MRI) measurements. Due
to time constraints in the experiment (we were conducting other
fMRI experiments at that time), we could not measure SHS of
45 participants. Therefore, we administered the SHS to a total of
68 participants [in-relationship group: 36 participants (20 males
and 16 females; age = 21.7 = 0.4 years); no-relationship group: 32
participants (16 males and 16 females; age = 20.9 =% 0.3 years)].
There was no significant difference in age between the two
subsets, as determined by ¢-test [£(66) = 1.75, p = 0.08].

Participants were provided with monetary compensation.
The protocol was approved by the ethical committee of the
National Institute for Physiological Sciences, Okazaki, Japan.
The experiments were undertaken in compliance with national
legislation and the Code of Ethical Principles for Medical
Research Involving Human Subjects of the World Medical
Association (Declaration of Helsinki). All participants provided
written informed consent.

Evaluation of Subjective Happiness

The SHS provides a relatively stable measure of whether an
individual is a happy or unhappy person (Lyubomirsky and
Lepper, 1999). In the SHS, participants were required to rate
statements using a seven point Likert scale. The items were
as follows: (1) In general, I consider myself: (1 = not a very
happy person/7 = a very happy person). (2) Compared with
most of my peers, I consider myself: (1 = less happy/7 = more
happy). (3) Some people are generally very happy. They enjoy
life regardless of what is going on, getting the most out of
everything. To what extent does this characterization describe
you? (1 = not at all/7 = a great deal). (4) Some people are
generally not very happy. Although they are not depressed, they
never seem as happy as they might be. To what extent does this
characterization describe you? (1 = not at all/7 = a great deal).
After reverse coding the fourth item, we computed the mean

of the four items to generate a score (Lyubomirsky and Lepper,
1999).

MRI Data Acquisition

A 3-T scanner (Verio; Siemens, Ltd., Erlangen) was used
to acquire data for VBM. Each participants head was
immobilized within a 32-element phased-array head coil
Whole-brain high-resolution T1-weighted anatomical MRI
using a magnetization prepared rapid acquisition gradient
echo (MP-RAGE) was conducted on each participant [echo
time (TE) = 2.97 ms; repetition time (TR) = 1,800 ms; field
of view (FOV) = 256 mm x 256 mmy; flip angle = 9°; matrix
size = 256 pixels x 256 pixels; and slice thickness = 1 mm).

MRI Data Analysis

We used VBM8 toolbox revision 435" with SPM8 revision 4667
(Wellcome Trust Centre for Neuroimaging®) in MATLAB 2013a
(MathWorks, Inc.) to analyze structural images (Ashburner and
Friston, 2000; Ashburner, 2007). The images were corrected
for bias-field inhomogeneity and spatially normalized with
diffeomorphic anatomical registration using exponentiated Lie
algebra; tissues were classified as gray matter, white matter, or
cerebrospinal fluid (Ashburner and Friston, 2000; Ashburner,
2007). During the modulation process, non-linear deformations
were used for normalization, such that the voxel intensities
reflected regional gray matter densities adjusted for individual
brain sizes. Images were then smoothed to a Gaussian kernel of
8-mm full width at half maximum (FWHM). After preprocessing
of the structural images, gray matter densities were submitted
to second-level analysis. A two-sample ¢-test, with gender and
age as effects of no interest, was used to test for inter-group
differences. A region of interest (ROI) analysis approach was
adopted, focusing on the striatum (caudate, putamen, and
nucleus accumbens) as defined by Wake Forest University
PickAtlas’. The significance threshold was set at p < 0.05
(t > 2.765), corrected for family-wise error (FWE) at the
voxel level by applying small volume corrections. To check
for a possible relationship between SHS score and gray matter
density within clusters exhibiting significant differences between
the groups, we conducted regression analysis between the SHS
score and average beta value within significant clusters for
all 68 participants in both groups, and 36 participants in
the in-relationship group only. In addition, in an exploratory
analysis, we also conducted whole-brain analysis to investigate
gray matter density differences between the groups using the
same significance threshold [p < 0.05 (t > 4.844)].

Similar to romantic relationship status, the history of
formation of romantic relationships (e.g., duration of being
in romantic relationship) may also contribute to modulation
of striatal gray matter density. Thus, to evaluate the possible
contribution of romantic relationship experience, we also
conducted group-level VBM analysis of data from 56 participants
(in-relationship group) and performed multiple regression. In the

'http://dbm.neuro.uni-jena.de/vbm/
Zhttp://www.fil.ion.ucl.ac.uk/spm/
3http:/fwww.fmri.wfubmc.edu/software/PickAtlas/
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TABLE 1 | Significant difference in gray matter density between groups (no-relationship > in-relationship).

Peak p (FWE) MNI coordinates Cluster size t-value
X y z
Right dorsal striatum 0.001 26 14 12 178 4.99
Right dorsal striatum 0.037 22 9 10 2 3.94

The threshold of differences related to gray matter density was set at a voxel level of p < 0.05 (t > 2.765), FWE-corrected with an anatomical striatal mask.

multiple regression analysis, we defined the duration of being in a
romantic relationship as an effect of interest, and gender and age
as effects of no interest.

RESULTS

The mean + SEM of SHS score was 5.1 & 0.1 in the in-
relationship group, and 4.6 & 0.2 in the no-relationship group.
SHS scores differed significantly between the two groups, as
determined by ¢-test [#(66) = 2.26, p = 0.027].

Voxel-based morphometry results showed that the gray
matter density of the right dorsal striatum [top peak = (26, 14,
12)] of the in-relationship group was significantly lower than
that of the no-relationship group (Table 1; Figures 1 and 2).
Furthermore, because we did not find any significant correlation
between average beta-value in significant clusters and SHS
scores [two groups (68 participants): 7(66) = —0.120, p = 0.331;
in-relationship group (36 participants): r(34) = —0.114,
p = 0.508], the significant difference in gray matter density in the
right dorsal striatum could be primarily attributed to being in a
romantic relationship. In the whole-brain analysis, we did not
find any significant group differences except in the right dorsal
striatum [top peak = (26, 14, 12); FWE-corrected p = 0.029;
number of voxels = 2].

On the other hand, in terms of VBM results related to
the duration of being in a romantic relationship, neither
striatal ROI analysis nor whole-brain analysis revealed significant
correlations.

DISCUSSION

Enhancement of Subjective Happiness

Associated with Being in Romantic Love

The in-relationship group had a significantly higher subjective
happiness score than the no-relationship group. The in-
relationship group also had a higher subjective happiness
score than average Japanese participants in a previous study,
whereas the no-relationship participants had a lower-than-
average score (Shimai et al, 2004; Matsunaga et al, 2011).
These results suggest that being in a romantic relationship
might enhance subjective happiness, whereas not being in a
romantic relationship might decrease it. The quality of a romantic
relationship (i.e., relationship satisfaction) enhances subjective
happiness (Knee et al., 2005), whereas the subjective evaluation
of one’s own wealth does not (Diener and Seligman, 2002); thus,
whether or not one is in a romantic relationship might modulate

the subjective happiness felt by the participants. Subjective
happiness experienced in a romantic relationship depends on the
features of the intimate relationship (Hazan and Shaver, 1987),
and influences the perception of one’s own existence (Aron et al.,
1995; Taylor et al., 2003; Lewandowski et al., 2006). Because
early adults typically spend long periods of time with romantic
partners (Reis et al, 1993), possibly due to their influential
positive nature (Bartels and Zeki, 2000; Aron et al., 2005), the
significant difference in subjective happiness between the in-
relationship and no-relationship groups suggests that being in an
early-stage romantic relationship is accompanied by influential
positive experiences, which might in turn lead to structural
changes in the brain.

Gray Matter Density Modulation in the
Striatum Associated with Being in a
Romantic Relationship

The VBM experiment revealed that early-stage romantic love
was associated with a reduction of gray matter density in the
striatum. The striatum represents monetary reward (Knutson
et al., 2001; Izuma et al, 2008) and social reward, such as
the ‘warm glow’ (i.e., the pleasant feeling caused by helping
behavior) (Harbaugh et al, 2007), empathic joy (Kawamichi
et al, 2013), receipt of active listening (Kawamichi et al,
2015b), social interaction (Kawamichi et al., 2016), and receipt
of praise from others (Izuma et al., 2008). Thus, the striatum
represents a common neural currency of reward (Izuma et al.,
2008), and in this sense is a key node for reward processing
(O’Doherty, 2004). Because viewing a romantic partner activates
the striatum, the presence of a romantic partner appears
to act as a social reward (Bartels and Zeki, 2000, 2004;
Aron et al, 2005; Xu et al, 2011; Acevedo et al., 2012).
As expected, the results of the VBM experiment suggested
that structural differences in the striatum might be related to
“social reward” stimuli associated with being in a romantic
relationship.

Synaptic plasticity plays a pivotal role in modulation of
gray matter density detectable by MRI (Lerch et al, 2011;
Zatorre et al., 2012). Synaptic remodeling, which modulates the
possibility of neuronal excitation, is a major factor leading to
changes in gray matter density (Zatorre et al., 2012). Because
gray matter loss detected by MRI is primarily due to loss
of dendrites and their synapses (Kassem et al, 2013), the
observed reduction in gray matter density might reflect loss
of synapses. This type of gray matter modulation can occur
in timescales on the order of weeks (e.g., 2 weeks abstinence
from alcohol) (van Eijk et al, 2013). Because the minimum
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in-relationship and no-relationship groups.

FIGURE 1 | Differences in gray matter density. (A) Location of a significant cluster in the right dorsal striatum. The threshold for the gray matter density
differences was set at a voxel level of p < 0.05 (t > 2.765), FWE-corrected with an anatomical striatal mask. (B) Average beta values in the cluster related to

0.6

o
~

Average Beta Value in
Significant Clusters (a. u.)
o
o

In-Relationship ' No-ReIationship‘

anatomical striatal mask.

FIGURE 2 | Cluster location related to being in a romantic love. Red area indicates differences in gray matter density between groups
(no-relationship > in-relationship). The threshold for a difference in gray matter density was set at a voxel level of p < 0.05 (t > 2.765), FWE-corrected with an

duration for being in a romantic relationship in this study was
1 month, relationship status could plausibly have modulated
gray matter density in the dorsal striatum through synaptic
remodeling.

Individual experiences can alter gray matter density within the
adult human brain (Zatorre et al., 2012). Progressive reduction
in striatal gray matter density has been observed during post-
adolescent brain maturation (Sowell et al., 1999). Furthermore,
cortico-striatal-thalamic-cortical circuits are influenced by a
possible developmental component (Colibazzi et al, 2008).
Through spending long periods of time with romantic partners
(Reis et al., 1993), experiences related to romantic relationship
may contribute to adult development. Thus, influential positive
experiences resulting from being in an early-stage romantic
relationship may cause a reduction in striatal gray matter density.

Similar to romantic relationship status, the history of
involvement of romantic relationships (e.g., duration of being

in romantic relationship) could also contribute to modulation
of striatal gray matter density. However, neither striatal
ROI analysis nor whole brain analysis showed significant
correlations. Previous studies showed that the effects of structural
brain changes caused by experience-dependent mechanisms
are reversible [e.g., sports (Freund et al, 2014), chronic
pain (Gwilym et al., 2010), or obsessive-compulsive disorder
(Lazaro et al., 2009)]. Dissolution of a romantic relationship
has effects opposite to those of forming the relationship.
Humans feel social pain as a result of the dissolution of
a romantic relationship (Macdonald and Leary, 2005), and
dissolution has a negative impact on physical and emotional
responses (Kiecolt-Glaser and Newton, 2001; Davis et al., 2003).
Furthermore, dissolution harms health (Mearns, 1991; Rhoades
etal, 2011). Accompanying these negative effects, dissolution of
a romantic relationship has a detrimental impact on self-concept
(Lewandowski et al., 2006). Because humans have substitution
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motivations to form romantic relationships at the time of
dissolution (Baumeister and Leary, 1995), individuals can recover
from a dissolved romantic relationship by forming another
romantic relationship. Thus, being in a romantic relationship
might also have a reversible effect. Taking into consideration
the results of these previous studies, as well as the results
from our exploratory analysis, it would appear that the effect
of romantic relationship status on striatal gray matter density
modulation is greater than that of the history of being in
romantic relationships, possibly due to the reversibility of these
effects.

These results imply that the striatum is tuned to respond
to reward (Langen et al, 2011) through experiences related
to being in an early-stage romantic relationship. In regard to
disruption of the tuning function of the striatum, individuals
with autism exhibit striatal activation in response to specific
for focused interests (Kohls et al., 2013), but not social or
monetary reward (Dichter et al., 2012). Furthermore, the reward
circuitry in individuals with autism exhibits enlargement of the
striatum (Herbert et al., 2003; Langen et al., 2007, 2009). Striatal
enlargement is correlated with repetitive behavior (Amaral
et al., 2008; Langen et al., 2009), and thus might represent
insensitivity to a broad range of reward. By contrast, patients
with cocaine dependence or alcoholism have reduced gray matter
density in both the dorsal (Barros-Loscertales et al., 2011)
and ventral striatum (Makris et al.,, 2008). The reduction in
gray matter density in dorsal striatum of cocaine-dependent
patients may be associated with an enhanced response to reward,
accompanied by deficits in inhibitory control (Barros-Loscertales
et al., 2006). This kind of inhibitory control is mediated by
the dopamine D2 receptor, which is also downregulated in
drug addiction (Martinez et al.,, 2004). Therefore, the reduced
gray matter density observed in dorsal striatum of participants
in early-stage romantic relationship implies that they share
some neurobiological mechanisms with patients with drug
addiction, at least to some extent, i.e., increased saliency of
the target of addiction or romantic partner. Thus, being in
a romantic relationship covaries with the enhancement of
reward-related responses toward the target (i.e., affection toward
the romantic partner) through increased saliency of social
cues, reflecting a reduction in gray matter density in the
striatum.

Unlike drug addiction, every encounter related to romantic
relationships has a strong social component. Such social
encounters trigger release of oxytocin and vasopressin in
the mesolimbic dopamine pathway (Burkett and Young,
2012). Furthermore, given this social component, social
attachment exerts a protective function against addiction
(Tops et al, 2014). Given that D2 receptor in the striatum
is downregulated in patients with drug addiction (Martinez
et al., 2004), and social relationships increases resilience with
respect to drug addiction by increasing levels of D2 receptor
(Morgan et al., 2002), being in a romantic relationship might
exert different effects on D2 receptors. Consistent with this
idea, we observed a laterality difference in dorsal striatum
reduction: our results showed that being in a romantic
relationship was associated with reduced gray matter density

in the right dorsal striatum, whereas drug addiction was
associated with a reduction in the left dorsal striatum (Barros-
Loscertales et al., 2011). This laterality difference fits with
reward-related dopamine response in striatum: greater
D2 receptor availability in the left striatum is related to
incentive motivation (Tomer et al., 2008), which leads to
high achievement. Furthermore, this laterality difference is
supported by studies showing a correlation between right
dorsal striatal activation and strength of affection (Aron et al.,
2005) or between reduction in gray matter volume in the
right dorsal striatum and the amount of time spent viewing
sexual visual images (Kuhn and Gallinat, 2014). An increase in
subjective happiness for in-relationship participants might be
accompanied with this reward-related response enhancement
through romantic relationship-specific effects on the dopamine
receptor.

Social support from intimate others, such as romantic
partners, helps to alleviate stress and prevent feelings of distress
(Mikulincer et al, 2003; Coan et al, 2006), leading to an
improved sense of well-being (House et al., 1988). In this
kind of stress alleviation mechanism, positive feelings aroused
through social support attenuate responses to aversive stimuli
(Younger et al., 2010; Kawamichi et al., 2015a). Thus, positive
feelings represented as a reduction in gray matter density in the
dorsal striatum, might perform a stress-buffering function that
promotes the psychological and physical well-being associated
with being in a romantic relationship.

On the other hand, we did not observe any significant
correlation between subjective happiness and gray matter density
in dorsal striatum. Furthermore, a previous study found a
significant correlation between subjective happiness and gray
matter density in the most ventral part of medial prefrontal
cortex (mPFC) (Matsunaga et al., 2016). Similar to the striatum,
the most ventral part of mPFC represents social reward (Moll
etal., 2006). Specifically, it integrates reward value across different
stimuli or stimulus dimensions (Blair et al., 2006) by connecting
to striatum (Haber et al., 2006). Information related to being
in a romantic relationship increases happiness by integrating
with other aspects of social status or relationships (Diener and
Seligman, 2002). With this result, even romantic relationship and
addiction share some neural mechanisms, romantic relationship
has specific effects on subjective happiness. In this sense, being
in a romantic relationship, which is an example of a positive
relationship, primarily modulates the dorsal striatum with
specifically accompanying increment in subjective happiness.

Limitations

Although the primary target of the present study was the
covariation of gray matter density with current romantic
relationship status, the aforementioned reversibility of the effects
of romantic relationships is another important issue regarding
the underlying neural mechanisms. From this perspective,
future studies should investigate the detailed mechanisms of
this reversibility, in terms of personal experiences related to
previous romantic relationship and romantic relationship quality
(to investigate the factors responsible for modulation of the
reversible effects) or being in love without being in a romantic
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relationship (to investigate the onset of the reversible effects).
Such studies would also provide additional insight pertinent
to the results reported here; i.e., they could elucidate whether
these factors have effects on gray matter density in the dorsal
striatum. Furthermore, future studies should also seek to replicate
our results regarding subjective happiness by using a larger
sample size, thereby overcoming potential problems related to
the discrepancy between the number of participants in the VBM
analysis and the subjective happiness analysis.

This study has another limitation; namely, we did not
obtain information regarding the causal connection between gray
matter density in the dorsal striatum and romantic relationship
status. Therefore, it is also possible that reduced gray matter
density influences the possibility of having romantic relationships
with others. To investigate this causal relationship, it would
be necessary to perform a longitudinal study in which MRI
was performed before and after subjects entered romantic
relationships.

CONCLUSION

Being in an early-stage romantic relationship enhanced subjective
happiness, suggesting the existence of positive influential
experiences associated with such relationships. Furthermore,
being in an early-stage romantic relationship was associated with
reduced gray matter density in the dorsal striatum. Because
the dorsal striatum represents reward expectation, humans
in romantic relationships might have increased saliency of
social reward (romantic relationship), represented as lower

REFERENCES

Acevedo, B. P., Aron, A., Fisher, H. E., and Brown, L. L. (2012). Neural correlates
of long-term intense romantic love. Soc. Cogn. Affect. Neurosci. 7, 145-159. doi:
10.1093/scan/nsq092

Amaral, D. G., Schumann, C. M., and Nordahl, C. W. (2008). Neuroanatomy of
autism. Trends Neurosci. 31, 137-145. doi: 10.1016/j.tins.2007.12.005

Aragona, B. ], Liu, Y., Yu, Y. J,, Curtis, J. T., Detwiler, J. M., Insel, T. R, et al.
(2006). Nucleus accumbens dopamine differentially mediates the formation
and maintenance of monogamous pair bonds. Nat. Neurosci. 9, 133-139. doi:
10.1038/nn1613

Aron, A., Fisher, H., Mashek, D. J., Strong, G., Li, H., and Brown, L. L.
(2005). Reward, motivation, and emotion systems associated with early-
stage intense romantic love. J. Neurophysiol. 94, 327-337. doi: 10.1152/jn.
00838.2004

Aron, A., Paris, M., and Aron, E. N. (1995). Falling in love: prospective studies
of self-concept change. J. Pers. Soc. Psychol. 69, 1102-1112. doi: 10.1037/0022-
3514.69.6.1102

Ashburner, J. (2007). A fast diffeomorphic image registration algorithm.
Neuroimage 38, 95-113. doi: 10.1016/j.neuroimage.2007.07.007

Ashburner, J., and Friston, K. J. (2000). Voxel-based morphometry-the methods.
Neuroimage 11, 805-821. doi: 10.1006/nimg.2000.0582

Barros-Loscertales, A., Garavan, H., Bustamante, J. C., Ventura-Campos, N.,
Llopis, J. J., Belloch, V., et al. (2011). Reduced striatal volume
in cocaine-dependent patients. Neuroimage 56, 1021-1026. doi:
10.1016/j.neuroimage.2011.02.035

Barros-Loscertales, A., Meseguer, V., Sanjuan, A., Belloch, V., Parcet, M. A,
Torrubia, R, et al. (2006). Striatum gray matter reduction in males with an
overactive behavioral activation system. Eur. J. Neurosci. 24, 2071-2074. doi:
10.1111/j.1460-9568.2006.05084.x

gray matter density in the dorsal striatum, mediated by
experiences aroused by being in a romantic relationship in daily
life.

AUTHOR CONTRIBUTIONS

HK designed the experiments, conducted the experiments,
analyzed the data, and wrote the manuscript. SKS helped to
conduct the experiments and discussed the data. YHH, KM, and
MM helped to conduct the experiments. HCT discussed the data
and wrote the manuscript. YO and SS discussed the data. NS
supervised the overall project and edited the manuscript.

FUNDING

This study was partly supported by a Grant-in-Aid for
Scientific Research (S) no. 21220005 (NS), by a Grant-in-
Aid for Challenging Exploratory Research no. 16K13488 (HK),
and by Grants-in-Aid for Young Scientists (B) no. 25750407
(HK) and no. 15K21602 (SKS) from the Japan Society for
the Promotion of Science, and by a Scientific Research on
Innovative Areas grant no. 22101007 (HCT) from the Ministry
of Education, Culture, Sports, Science and Technology of
Japan. Part of this study was the outcome of “Development of
biomarker candidates for social behavior” carried out under the
strategic research program for brain sciences by the Ministry
of Education, Culture, Sports, Science and Technology of
Japan.

Bartels, A., and Zeki, S. (2000). The neural basis of romantic love. Neuroreport 11,
3829-3834. doi: 10.1097/00001756-200011270-00046

Bartels, A., and Zeki, S. (2004). The neural correlates of maternal and romantic
love. Neuroimage 21, 1155-1166. doi: 10.1016/j.neuroimage.2003.11.003

Baumeister, R. F., and Leary, M. R. (1995). The need to belong: desire for
interpersonal attachments as a fundamental human motivation. Psychol. Bull.
117, 497-529. doi: 10.1037/0033-2909.117.3.497

Berscheid, E., and Walster, E. (1978). Interpersonal Attraction, 2nd Edn. Reading,
PA: Addison-Wesley.

Blair, K., Marsh, A. A., Morton, J., Vythilingam, M., Jones, M., Mondillo, K., et al.
(2006). Choosing the lesser of two evils, the better of two goods: specifying the
roles of ventromedial prefrontal cortex and dorsal anterior cingulate in object
choice. J. Neurosci. 26, 11379-11386. doi: 10.1523/JNEUROSCI.1640-06.2006

Burkett, J. P., and Young, L. J. (2012). The behavioral, anatomical and
pharmacological parallels between social attachment, love and addiction.
Psychopharmacology 224, 1-26. doi: 10.1007/s00213-012-2794-x

Coan, J. A., Schaefer, H. S., and Davidson, R. J. (2006). Lending a hand: social
regulation of the neural response to threat. Psychol. Sci. 17, 1032-1039. doi:
10.1111/j.1467-9280.2006.01832.x

Colibazzi, T., Zhu, H., Bansall, R., Schultz, R. T., Wang, Z., and Peterson, B. S.
(2008). Latent volumetric structure of the human brain: exploratory factor
analysis and structural equation modeling of gray matter volumes in healthy
children and adults. Hum. Brain Mapp. 29, 1302-1312. doi: 10.1002/hbm.20466

Davis, D., Shaver, P. R, and Vernon, M. L. (2003). Physical, emotional, and
behavioral reactions to breaking up: the roles of gender, age, emotional
involvement, and attachment style. Pers. Soc. Psychol. Bull. 29, 871-884. doi:
10.1177/0146167203029007006

Dichter, G. S., Felder, J. N., Green, S. R., Rittenberg, A. M., Sasson, N. J., and
Bodfish, J. W. (2012). Reward circuitry function in autism spectrum disorders.
Soc. Cogn. Affect. Neurosci. 7, 160-172. doi: 10.1093/scan/nsq095

Frontiers in Psychology | www.frontiersin.org

November 2016 | Volume 7 | Article 1763


http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Kawamichi et al.

Romantic Relationship and Brain Structure

Diener, E., and Seligman, M. E. (2002). Very happy people. Psychol. Sci. 13, 81-84.
doi: 10.1111/1467-9280.00415

Eisenberger, N. I, Master, S. L., Inagaki, T. K., Taylor, S. E., Shirinyan, D.,
Lieberman, M. D., et al. (2011). Attachment figures activate a safety signal-
related neural region and reduce pain experience. Proc. Natl. Acad. Sci. U.S.A.
108, 11721-11726. doi: 10.1073/pnas.1108239108

Freund, W,, Faust, S., Gaser, C., Gron, G., Birklein, F., Wunderlich, A. P., et al.
(2014). Regionally accentuated reversible brain grey matter reduction in ultra
marathon runners detected by voxel-based morphometry. BMC Sports Sci. Med.
Rehabil. 6:4. doi: 10.1186/2052-1847-6-4

Glenn, N. D. (1975). The contribution of marriage to the psychological well-
being of males and females. J. Marriage Fam. 37, 594-600. doi: 10.2307/
350523

Gonzaga, G. C., and Haselton, M. G. (2008). “The evolution of love and long-term
bonds,” in Social Relationships: Cognitive, Affective and Motivational Processes,
eds J. P. Forgas and J. Fitness (Cambridge, MA: Cambridge University Press),
39-54.

Gove, W. R,, Hughes, M., and Style, C. B. (1983). Does marriage have positive
effects on the psychological well-being of the individual? J. Health Soc. Behav.
24, 122-131. doi: 10.2307/2136639

Gwilym, S. E., Filippini, N., Douaud, G., Carr, A. J., and Tracey, I. (2010). Thalamic
atrophy associated with painful osteoarthritis of the hip is reversible after
arthroplasty: a longitudinal voxel-based morphometric study. Arthritis Rheum.
62, 2930-2940. doi: 10.1002/art.27585

Haber, S. N., Kim, K. S., Mailly, P., and Calzavara, R. (2006). Reward-related
cortical inputs define a large striatal region in primates that interface
with associative cortical connections, providing a substrate for incentive-
based learning. J. Neurosci. 26, 8368-8376. doi: 10.1523/J]NEUROSCI.0271-
06.2006

Harbaugh, W. T., Mayr, U., and Burghart, D. R. (2007). Neural responses to
taxation and voluntary giving reveal motives for charitable donations. Science
316, 1622-1625. doi: 10.1126/science.1140738

Hazan, C., and Shaver, P. (1987). Romantic love conceptualized as an attachment
process. J. Pers. Soc. Psychol. 52, 511-524. doi: 10.1037/0022-3514.52.3.511

Herbert, M. R, Ziegler, D. A., Deutsch, C. K., O'Brien, L. M., Lange, N.,
Bakardjiev, A., et al. (2003). Dissociations of cerebral cortex, subcortical and
cerebral white matter volumes in autistic boys. Brain 126, 1182-1192. doi:
10.1093/brain/awg110

House, J. S., Landis, K. R., and Umberson, D. (1988). Social relationships and
health. Science 241, 540-545. doi: 10.1126/science.3399889

Izuma, K., Saito, D. N., and Sadato, N. (2008). Processing of social and
monetary rewards in the human striatum. Neuron 58, 284-294. doi:
10.1016/j.neuron.2008.03.020

Jankowiak, W. R., and Fischer, E. F. (1992). A cross-cultural perspective on
romantic love. Ethnology 31, 149-155. doi: 10.2307/3773618

Johnson, D. J., and Rusbult, C. E. (1989). Resisting temptation: devaluation
of alternative partners as a means of maintaining commitment in close
relationships. J. Pers. Soc. Psychol. 57, 967-980. doi: 10.1037/0022-3514.
57.6.967

Kanai, R., and Rees, G. (2011). The structural basis of inter-individual differences
in human behaviour and cognition. Nat. Rev. Neurosci. 12, 231-242. doi:
10.1038/nrn3000

Kassem, M. S., Lagopoulos, J., Stait-Gardner, T., Price, W. S., Chohan, T. W,
and Arnold, J. C. (2013). Stress-induced grey matter loss determined by MRI
is primarily due to loss of dendrites and their synapses. Mol. Neurobiol. 47,
645-651. doi: 10.1007/s12035-012-8365-7

Kawamichi, H., Kitada, R., Yoshihara, K., Takahashi, H. K., and Sadato, N. (2015a).
Interpersonal touch suppresses visual processing of aversive stimuli. Front.
Hum. Neurosci. 9:164. doi: 10.3389/fnhum.2015.00164

Kawamichi, H., Sugawara, S. K., Hamano, Y. H., Makita, K., Kochiyama, T., and
Sadato, N. (2016). Increased frequency of social interaction is associated with
enjoyment enhancement and reward system activation. Sci. Rep. 6:24561. doi:
10.1038/srep24561

Kawamichi, H., Tanabe, H. C., Takahashi, H. K., and Sadato, N. (2013). Activation
of the reward system during sympathetic concern is mediated by two types
of empathy in a familiarity-dependent manner. Soc. Neurosci. 8, 90-100. doi:
10.1080/17470919.2012.744349

Kawamichi, H., Yoshihara, K., Sasaki, A. T., Sugawara, S. K., Tanabe, H. C,,
Shinohara, R., et al. (2015b). Perceiving active listening activates the reward
system and improves the impression of relevant experiences. Soc. Neurosci. 10,
16-26. doi: 10.1080/17470919.2014.954732

Kiecolt-Glaser, J. K., and Newton, T. L. (2001). Marriage and health: his and hers.
Psychol. Bull. 127, 472-503. doi: 10.1037/0033-2909.127.4.472

Knee, C. R., Lonsbary, C., Canevello, A., and Patrick, H. (2005). Self-determination
and conflict in romantic relationships. J. Pers. Soc. Psychol. 89, 997-1009. doi:
10.1037/0022-3514.89.6.997

Knutson, B., Adams, C. M., Fong, G. W., and Hommer, D. (2001). Anticipation of
increasing monetary reward selectively recruits nucleus accumbens. J. Neurosci.
21, RC159.

Kohls, G., Schulte-Riither, M., Nehrkorn, B., Miiller, K., Fink, G. R., Kamp-
Becker, I, et al. (2013). Reward system dysfunction in autism spectrum
disorders. Soc. Cogn. Affect. Neurosci. 8, 565-572. doi: 10.1093/scan/nss033

Kuhn, S., and Gallinat, J. (2014). Brain structure and functional connectivity
associated with pornography consumption: the brain on porn. JAMA Psychiatry
71, 827-834. doi: 10.1001/jamapsychiatry.2014.93

Langen, M., Durston, S., Kas, M. J., van Engeland, H., and Staal, W. G. (2011).
The neurobiology of repetitive behavior:...and men. Neurosci. Biobehav. Rev. 35,
356-365. doi: 10.1016/j.neubiorev.2010.02.005

Langen, M., Durston, S., Staal, W. G., Palmen, S. J., and van Engeland, H. (2007).
Caudate nucleus is enlarged in high-functioning medication-naive subjects with
autism. Biol. Psychiatry 62, 262-266. doi: 10.1016/j.biopsych.2006.09.040

Langen, M., Schnack, H. G., Nederveen, H., Bos, D., Lahuis, B. E., de Jonge, M. V.,
et al. (2009). Changes in the developmental trajectories of striatum in autism.
Biol. Psychiatry 66, 327-333. doi: 10.1016/j.biopsych.2009.03.017

Langeslag, S. J. E,, van der Veen, F. M., and Roder, C. H. (2014). Attention
modulates the dorsal striatum response to love stimuli. Hum. Brain. Mapp. 35,
503-512. doi: 10.1002/hbm.22197

Lazaro, L., Bargalld, N., Castro-Fornieles, J., Falcén, C., Andrés, S., Calvo, R, et al.
(2009). Brain changes in children and adolescents with obsessive-compulsive
disorder before and after treatment: a voxel-based morphometric MRI study.
Psychiatry Res. 172, 140-146. doi: 10.1016/j.pscychresns.2008.12.007

Lerch, J. P., Yiu, A. P., Martinez-Canabal, A., Pekar, T., Bohbot, V. D., Frankland,
P. W, et al. (2011). Maze training in mice induces MRI-detectable brain
shape changes specific to the type of learning. Neuroimage 54, 2086-2095. doi:
10.1016/j.neuroimage.2010.09.086

Lewandowski, G. W., Aron, A., Bassis, S., and Kunak, J. (2006). Losing a self-
expanding relationship: implications for the self-concept. Pers. Relatsh. 13,
317-331. doi: 10.1111/j.1475-6811.2006.00120.x

Lyubomirsky, S., and Lepper, H. S. (1999). A measure of subjective happiness:
premilinary reliability and construct validation. Soc. Indic. Res. 46, 137-155. doi:
10.1023/A:1006824100041

Macdonald, G., and Leary, M. R. (2005). Why does social exclusion hurt? The
relationship between social and physical pain. Psychol. Bull. 131, 202-223. doi:
10.1037/0033-2909.131.2.202

Makris, N., Oscar-Berman, M., Jaffin, S. K., Hodge, S. M., Kennedy, D. N., Caviness,
V.S, etal. (2008). Decreased volume of the brain reward system in alcoholism.
Biol. Psychiatry 64, 192-202. doi: 10.1016/j.biopsych.2008.01.018

Maner, J. K., Gailliot, M. T., and Miller, S. L. (2009). The implicit cognition of
relationship maintenance: inattention to attractive alternatives. J. Exp. Soc.
Psychol. 45, 174-179. doi: 10.1016/j.jesp.2008.08.002

Martinez, D., Broft, A., Foltin, R. W., Slifstein, M., Hwang, D. R, Huang, Y.,
et al. (2004). Cocaine dependence and d2 receptor availability in the functional
subdivisions of the striatum: relationship with cocaine-seeking behavior.
Neuropsychopharmacology 29, 1190-1202. doi: 10.1038/sj.npp.1300420

Master, S. L., Eisenberger, N. L, Taylor, S. E., Naliboff, B. D., Shirinyan, D.,
and Lieberman, M. D. (2009). A picture’s worth: partner photographs reduce
experimentally induced pain. Psychol. Sci. 20, 1316-1318. doi: 10.1111/j.1467-
9280.2009.02444.x

Matsunaga, M., Isowa, T., Yamakawa, K., Tsuboi, H., Kawanishi, Y., Kaneko, H.,
et al. (2011). Association between perceived happiness levels and peripheral
circulating pro-inflammatory cytokine levels in middle-aged adults in Japan.
Neuro. Endocrinol. Lett. 32, 458-463.

Matsunaga, M., Kawamichi, H., Koike, T., Yoshihara, K., Yoshida, Y., Takahashi,
H. K., etal. (2016). Structural and functional associations of the rostral anterior

Frontiers in Psychology | www.frontiersin.org

November 2016 | Volume 7 | Article 1763


http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Kawamichi et al.

Romantic Relationship and Brain Structure

cingulate cortex with subjective happiness. Neuroimage 134, 132-141. doi:
10.1016/j.neuroimage.2016.04.020

Mearns, J. (1991). Coping with a breakup: negative mood regulation expectancies
and depression following the end of a romantic relationship. J. Pers. Soc. Psychol.
60, 327-334. doi: 10.1037/0022-3514.60.2.327

Mikulincer, M., Shaver, P. R, and Pereg, D. (2003). Attachment theory
and affect regulation: the development, and cognitive
consequences of attachment-related strategies. Motiv. Emot. 27, 77-102.
doi: 10.1023/A:1024515519160

Moll, J., Krueger, F., Zahn, R, Pardini, M., de Oliveira-Souza, R., and
Grafman, J. (2006). Human fronto-mesolimbic networks guide decisions about
charitable donation. Proc. Natl. Acad. Sci. U.S.A. 103, 15623-15628. doi:
10.1073/pnas.0604475103

Morgan, D., Grant, K. A., Gage, H. D., Mach, R. H., Kaplan, J. R,, Prioleau, O.,
etal. (2002). Social dominance in monkeys: dopamine D2 receptors and cocaine
self-administration. Nat. Neurosci. 5, 169-174. doi: 10.1038/nn798

O’Dobherty, J. P. (2004). Reward representations and reward-related learning in the
human brain: insights from neuroimaging. Curr. Opin. Neurobiol. 14, 769-776.
doi: 10.1016/j.conb.2004.10.016

Proulx, C. M., Helms, H. M., and Buehler, C. (2007). Marital quality and personal
well-being: A meta-analysis. J. Marriage Fam. 69, 576-593. doi: 10.1111/j.1741-
3737.2007.00393.x

Redoute, J., Stoleru, S., Gregoire, M., Costes, N., Cinotti, L., Lavenne, F., et al.
(2000). Brain processing of visual sexual stimuli in human males. Hum.
Brain Mapp. 11, 162-177. doi: 10.1002/1097-0193(200011)11:3 <162::AID-
HBM30>3.0.CO;2-A

Reis, H. T., Lin, Y., Bennett, M. E., and Nezlek, J. B. (1993). Change and consistency
in social participation during early adulthood. Dev. Psychol. 29, 633-645. doi:
10.1037//0012-1649.29.4.633

Rhoades, G. K., Kamp Dush, C. M., Atkins, D. C,, Stanley, S. M., and Markman,
H. J. (2011). Breaking up is hard to do: the impact of unmarried relationship
dissolution on mental health and life satisfaction. J. Fam. Psychol. 25, 366-374.
doi: 10.1037/a0023627

Shimai, S., Otake, K., Utsuki, N., Ikemi, A., and Lyubomirsky, S. (2004).
[Development of a Japanese version of the Subjective Happiness Scale (SHS),
and examination of its validity and reliability]. Nihon Koshu Eisei Zasshi 51,
845-853.

Song, H., Zou, Z., Kou, J,, Liu, Y., Yang, L., Zilverstand, A., et al. (2015). Love-
related changes in the brain: a resting-state functional magnetic resonance
imaging study. Front. Hum. Neurosci. 9:71. doi: 10.3389/fnhum.2015.00071

Sowell, E. R., Thompson, P. M., Holmes, C. J., Jernigan, T. L., and Toga, A. W.
(1999). In vivo evidence for post-adolescent brain maturation in frontal and
striatal regions. Nat. Neurosci. 2, 859-861. doi: 10.1038/13154

dynamics,

Takahashi, K., Mizuno, K., Sasaki, A. T., Wada, Y., Tanaka, M., Ishii, A., et al.
(2015). Imagining the passionate stage of romantic love by dopamine dynamics.
Front. Hum. Neurosci. 9:191. doi: 10.3389/fnhum.2015.00191

Taylor, S. E., Lerner, J. S., Sherman, D. K., Sage, R. M., and McDowell, N. K.
(2003). Are self-enhancing cognitions associated with healthy or unhealthy
biological profiles? J. Pers. Soc. Psychol. 85, 605-615. doi: 10.1037/0022-3514.
85.4.605

Tomer, R, Goldstein, R. Z., Wang, G., Wong, C., and Volkow, N. D. (2008).
Incentive motivation is associated with striatal dopamine asymmetry. Biol.
Psychol. 77, 98-101. doi: 10.1016/j.biopsycho.2007.08.001

Tops, M., Koole, S. L., IJzerman, H., and Buisman-Pijlman, F. T. (2014). Why social
attachment and oxytocin protect against addiction and stress: insights from
the dynamics between ventral and dorsal corticostriatal systems. Pharmacol.
Biochem. Behav. 119, 39-48. doi: 10.1016/j.pbb.2013.07.015

van Eijk, J., Demirakca, T., Frischknecht, U., Hermann, D., Mann, K., and Ende, G.
(2013). Rapid partial regeneration of brain volume during the first 14 days of
abstinence from alcohol. Alcohol Clin. Exp. Res. 37, 67-74. doi: 10.1111/j.1530-
0277.2012.01853.x

van Steenbergen, H., Langeslag, S. J. E., Band, G. P. H., and Hommel, B. (2014).
Reduced cognitive control in passionate lovers. Motiv. Emot. 38, 444-450. doi:
10.1007/s11031-013-9380-3

Xu, X,, Aron, A., Brown, L., Cao, G., Feng, T., and Weng, X. (2011). Reward
and motivation systems: a brain mapping study of early-stage intense
romantic love in Chinese participants. Hum. Brain Mapp. 32, 249-257. doi:
10.1002/hbm.21017

Younger, J., Aron, A,, Parke, S., Chatterjee, N., and Mackey, S. (2010). Viewing
pictures of a romantic partner reduces experimental pain: involvement of neural
reward systems. PLoS ONE 5:e13309. doi: 10.1371/journal.pone.0013309

Zatorre, R. ., Fields, R. D., and Johansen-Berg, H. (2012). Plasticity in gray and
white: neuroimaging changes in brain structure during learning. Nat. Neurosci.
15, 528-536. doi: 10.1038/nn.3045

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2016 Kawamichi, Sugawara, Hamano, Makita, Matsunaga, Tanabe,
Ogino, Saito and Sadato. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

November 2016 | Volume 7 | Article 1763


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

	Being in a Romantic Relationship Is Associated with Reduced Gray Matter Density in Striatum and Increased Subjective Happiness
	Introduction
	Materials And Methods
	Participants
	Evaluation of Subjective Happiness
	MRI Data Acquisition
	MRI Data Analysis

	Results
	Discussion
	Enhancement of Subjective Happiness Associated with Being in Romantic Love
	Gray Matter Density Modulation in the Striatum Associated with Being in a Romantic Relationship
	Limitations

	Conclusion
	Author Contributions
	Funding
	References


