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Abstract
We used functional magnetic resonance imaging to investigate the similarities in the attachment toward
individual's favorite cosmetics and beloved person, both of which are reinforced by touch-driven
behaviors. We conducted 2 (visual and visual with tactile) × 2 (preferred and non-preferred cosmetics)
experiments. Thereafter, we set regions of interest as per previous studies of human relationship
attachment and tested their signi�cance. The hippocampus, posterior cingulate cortex (PCC), putamen,
periaqueductal gray (PAG), dorsal raphe nucleus (DRN), and ventral tegmental area were activated in the
visual with tactile session, but not in the visual session, revealing that common brain regions are
activated in human relationship attachment and attachment to cosmetics, and that tactile cue is
important for attachment to cosmetics. Moreover, the PAG showed an interactive effect between tactile
cue and preference, and the DRN positively correlated with "security" feeling associated with attachment.
Activity in these regions was positively correlated with activity of the PCC and primary somatosensory
cortex. This suggests that tactile discriminative cues induce the individual's autobiographical memories
of using the cosmetics daily, and the DRN and PAG are activated in association with these memories.
These serotonergic and oxytocinergic activities may be critical for the maintenance of attachment to
cosmetics.

Introduction
Several qualitative and survey studies on consumer-product attachment have concluded that the degree
to which a product is used to de�ne and maintain a persons' self-image affects not only the preference,
but also the experience of an emotional bond to the product during ownership [1-4]. Product attachment
is de�ned as the strength of the emotional bond experienced by the owner towards a product when the
speci�c product bears signi�cant meaning to the owner [5]. Most people experience positive emotions
toward the product to which they feel attached [6]; they feel more attached to products that are used to
de�ne and maintain themselves [2,3,6]. In addition, memories contribute positively to the degree of
attachment, and the attachment is correlated with the irreplaceability of the product [7]. Research on
human relationships have revealed several similarities between human attachment experience in
relationships and product attachment [5,8]. Among the attachments experienced to different types of
products, attachment to cosmetic products may particularly be similar to human relationship attachment
in some aspects. Self-concept is an important factor for positive relationships in human attachment [9].
The use of cosmetics is one way by which individuals can de�ne and express their unique selves, as
observed in human attachment in relationships [10]. People may use cosmetics to de�ne themselves and
create a sense of identity, as a reminder of who they are or ought to be like, and to protect and enhance
their self-concept, as in the case of human attachment in relationships [1,3,4]. Moreover, the attachment
to cosmetic products is considered to develop through touch-driven bonding behaviors, which are critical
for the establishment and maintenance of human attachment in relationships. It is well known that skin-
to-skin contact promotes attachment between the infant and his/her caregiver [11]. Cosmetic users gently
take care of their faces while applying their favorite cosmetics, using their own �ngers, particularly while
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following their daily skincare regimen. Such behaviors are, therefore, considered to reinforce the bond
between the user and his/her favorite cosmetics, and this intimate relationship may establish a speci�c
attachment to the cosmetic product.

A number of neuroimaging studies of the human attachment behavior system have been conducted thus
far, which have revealed the central roles of the dopaminergic, serotonergic, and oxytocinergic systems
[12-15, 26] (Table 1). Furthermore, these studies have shown similarities and differences in the brain
activity between early stage [13] and long-term romantic love [14,15]. While the brain regions involved in
the dopaminergic reward system, including the substantia nigra/ventral tegmental area (SN/VTA), are
commonly activated in both phases of love, serotonergic activity in the dorsal raphe nucleus (DRN) was
found in long-term romantic love [14,15], but not in early stage romantic love [13]. This �nding supports
the view that long-term romantic love is characterized by security and calm [16], whereas early stage
romantic love is characterized by insecurity and stress [16,17]. Furthermore, brain activity in long-term
romantic love has been shown to be similar to that observed in maternal love [14,18-22]. Thus,
neuroscienti�c research on human attachment in relationships has provided important �ndings on the
neural basis of diverse human attachments in relationships. It is critical to identify the neural basis of
attachment to cosmetics for understanding neural correlates that play a role in evaluative judgments and
decision-making processes in neuroeconomics [23], and to better evaluate hoarding disorder involved in
emotional attachment to possessions in psychiatry [24, 25]; however, no such study has evaluated these
aspects. Accordingly, we investigated the neural substrate for attachment to cosmetics by using
functional magnetic resonance imaging (fMRI). The present study was the �rst neuroimaging study to
investigate the neural substrate for attachment to cosmetics. First, we hypothesized that the users would
show similar brain responses to the cosmetic products to which they felt attached, as observed in
previous fMRI studies of human attachment in relationships. Second, we hypothesized that the brainstem
regions, such as the DRN and periaqueductal gray (PAG), which were identi�ed in long-term human
attachment in relationships would play important roles in attachment to cosmetics because these
regions, which are rich in important neurotransmitters, may play a role in the establishment, promotion,
and maintenance of the secure relationships between the user and his/her favorite cosmetic products.
Third, we hypothesized that tactile and memory information processing would play an important role in
building and maintaining attachment to cosmetics because these are considered to be reinforced through
daily touch-driven bonding behaviors and memorized in the individual's autobiographical memories.

To test these hypotheses, we recruited loyal users who had been using one of the three kinds of face
serums for a period that was considered long to some extent. All of these face serums were
manufactured by famous and long-time sellers of luxury brands worldwide. In addition, we checked
whether the participants were actually attached to their speci�c face serum by subjective evaluations.
Moreover, we performed an fMRI experiment in two different sessions: the visual session and the visual
coupled with the tactile session. Each session consisted of two conditions: the preferred cosmetic
condition and the non-preferred cosmetic condition. Further, we set the regions of interest (ROIs) based on
the brain regions identi�ed in the previous fMRI studies of human attachment in relationships [13-15, 26],
and the activity in each of the ROIs was tested by using the small volume correction (SVC) test. In
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addition, we explored the relationship between these brain regions and the subjective feeling associated
with the feeling of attachment. Moreover, we set the additional somatosensory-related ROIs identi�ed in
our previous studies [27, 28], and investigated the effects of tactile information processing and
preference by comparing these brain activities in the visual with tactile session to those in the visual
session. Thereafter, we assessed the correlation between the activity in each brainstem region and
activities in each of the memory-related ROIs and the somatosensory-related ones.

Results
Among the preferred and non-preferred cosmetics, the scores of subjective evaluations showed
signi�cant differences for "security" (t = 5.2, p = 0.000053) and "attachment" (t = 5.9, p = 0.000010),
whereas those for the other test items were not signi�cant ("positive feeling of texture," t = 1.8, p = 0.097;
"expectation for skincare effect," t = 2.2, p = 0.044; "want to buy," t = 2.5, p = 0.022; "satisfaction" t = 2.7, p
= 0.014) (Fig. 1). Moreover, the multiple regression analysis showed that "security" showed a signi�cantly
positive correlation with "attachment" (t = 3.6, p = 0.0020; R2 = 0.42; Durbin-Watson [D-W] statistic = 2.0;
Shapiro-Wilk [S-W] test p = 0.39) in the preferred cosmetic condition (Fig. 2), whereas no signi�cant
correlation was observed in the non-preferred cosmetic condition.

In the visual with tactile session, the ROI analysis showed that the posterior cingulate cortex (PCC) (3 -22
29) (p = 0.018, family-wise error [FWE]; [13,26]), left (-40 -36 -12) and right (40 -31 -4) posterior
hippocampus (p = 0.027 and 0.021, FWE, respectively; [26]), right putamen (29 2 -3) (p = 0.025, FWE; [26]),
left (-4 -22 32) and right (6 -16 32) PCC (p = 0.025 and 0.0090, FWE, respectively; [15]), DRN (6 -32 -24) (p
= 0.041, FWE; [14,15]), PAG (3 -35 -28) (p = 0.034 FWE; [14,15]), and SN/VTA (4 -20 -16) (p = 0.047, FWE;
[14]) were signi�cantly activated, as shown in Table 2 and Fig. 3. On the other hand, there was no
signi�cant activity in the visual session (Table 2). Moreover, the DRN showed a signi�cantly positive
correlation with "security" feeling in the visual with tactile session (t = 2.5, p = 0.024; R2 = 0.25; D-W
statistic = 2.4; S-W p = 0.39); however, there was no signi�cant correlation between them in the visual
session (Fig. 4). Among all ROIs, including the somatosensory-related regions, the PAG was found to have
a signi�cant interactive effect between the conditions and sessions (F = 5.6; p = 0.029), and the PAG
activity was signi�cantly greater with the preferred cosmetics than with the non-preferred ones in the
visual with tactile session (t = 2.7; p = 0.014 < 0.025 = 0.05/2) (Fig. 5 a); however, there was no
signi�cance in the visual session (t = 0.67; p = 0.51). In addition, there were signi�cant main effects of
sessions observed in each of the somatosensory-related ROIs (Fig. 5 b, c, d, e). These regions showed
greater activity in the visual with tactile session than in the visual session. Moreover, there were
signi�cant main effects of conditions observed in the right PCC (6 -16 32) and the left PCC (-4 -22 32)
(Fig. 5 f, g), and these brain regions showed greater activity in the preferred conditions than in the non-
preferred conditions. Furthermore, the multiple regression analysis revealed that each of the DRN (t = 2.9,
p = 0.0099 < 0.025 = 0.05/2, R2 = 0.46, D-W statistic = 2.3, S-W p = 0.35) and PAG (t = 2.5, p = 0.024 <
0.025 = 0.05/2, R2 = 0.42, D-W statistic = 2.1, S-W p = 0.35) positively correlated with the PCC (6 -16 32)
(Fig. 6 a, b), and the SN/VTA positively correlated with the PCC (-4 22 32) (t = 2.7, p = 0.014 < 0.025 =
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0.05/2; R2 = 0.25; D-W statistic = 2.1; S-W p = 0.15). In addition, the multiple regression analysis showed
that the right primary somatosensory area (SI) showed a signi�cantly positive correlation with each of the
DRN (t = 2.3, p = 0.034 < 0.05, R2 = 0.23, D-W statistic = 2.3, S-W p = 0.11) and PAG (t = 2.2, p = 0.038 <
0.05, R2 = 0.22, D-W statistic = 2.1, S-W p = 0.11) (Fig. 6 c, d). There was no signi�cant correlation in the
SN/VTA.

Discussion
This study investigated the neural correlates of attachment to cosmetic products using fMRI and
subjective evaluations. The brain activity in response to visual with tactile stimuli related to the cosmetic
product to which the participant was attached was assessed in the brain regions that have been
previously implicated in the feeling of attachment experienced in human relationships. Thus, we
demonstrated that several brain regions that are involved in attachment in human relationships are also
involved in attachment to cosmetic products.

Analysis of the subjective evaluations showed that the score of "attachment" was signi�cantly higher for
the preferred cosmetics than for the non-preferred ones, showing that our participants felt stronger
attachment to their preferred cosmetics than to the others. Moreover, the feeling of "security" was
signi�cantly stronger for the preferred cosmetics than for the non-preferred ones, and positively correlated
with the feeling of "attachment." These results are supported by a psychological study, which has shown
"security" to be one of the most important factors in product attachment [29]. In the visual with tactile
session, several brain regions, including the brainstem regions, were signi�cantly activated in response to
the preferred cosmetics than to the non-preferred ones when assessed by the SVC test. This result
showed that the brain response to the cosmetics to which our participants felt attachment was, at least
partly, similar to that identi�ed in the attachment experienced in human love relationships [13-15,26]. That
is, we showed here that there exists some common brain activity between human attachment and
product attachment to cosmetics. It should be noted that the brainstem regions, such as the DRN, PAG,
and SN/VTA, that have been identi�ed to be involved in long-term attachment relationships (Table 2)
[14,15] were found to be signi�cantly activated in the case of attachment to cosmetics. These regions
have been further identi�ed to be activated by maternal love [18], and are the primary sites of
neurotransmitters that modulate the basic functions of survival, such as reward/motivation, positive
emotion, and the maintenance of secure states [12]. Accordingly, it is interesting that these regions may
also play a key role in the establishment, promotion, and maintenance of secure relationships between
the user and his/her preferred cosmetics. The SN/VTA is centrally placed in a wider motivational/reward
network associated with behaviors necessary for survival [30-32]. Findings from diverse fMRI studies of
romantic love provide strong evidence that the dopaminergic reward system, including the SN/VTA, is
widely associated with the different forms of human love attachment (early stage to long-term romantic
love, and maternal love). The ROI of SN/VTA that was signi�cantly activated in the present study was the
one that has been identi�ed to be activated in long-term attachment [14], but not in the early-stage
romantic relationships [13] (Table 2). This result suggests that there is a rather different functional
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localization within the SN/VTA region. The DRN also plays a pivotal role in reward processing. DRN
neurons show a tonic �ring pattern in response to expected and received reward values, whereas SN/VTA
neurons exhibit phasic responses related to reward prediction errors. The DRN is a serotonin-rich site, and
serotonin is implicated in love and pair bonding [33]. Moreover, serotonin is a critical neuroendocrine
factor involved in several psychiatric disorders, including obsessive-compulsive disorder [34], depression
[35], eating disorders [36], and anxiety disorders [37]. Our previous �nding [15] showing that DRN activity
negatively correlated with attachment-related anxiety suggested that DRN plays an important regulatory
role in anxiety and insecurity associated with human attachment relationships, even in healthy people.
Security is one of the set goals of the attachment system [16]. Furthermore, a psychological study also
showed that "security" was one of the most critical factors in product attachment [6]. These �ndings
support the present result that the DRN activity was positively correlated with the feeling of "security," in
which "security" was positively correlated with the feeling of "attachment" as well. PAG activity mediates
autonomic changes associated with emotions [38]. The PAG is also involved in human maternal
behaviors [18,19]. This structure is heavily connected with various limbic regions and contains a high
density of oxytocin receptors [39]. 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 [12, 40].

In the visual with tactile session, several brain regions that have been identi�ed in the human attachment
system were signi�cantly activated. However, there was no signi�cant activity of these regions in the
visual session. Moreover, among these brain regions, the PAG particularly showed a signi�cant
interaction between conditions and sessions, and its differential activity for the preferred versus non-
preferred cosmetics was signi�cantly more activated in the visual with tactile session than in the visual
session. This result might indicate that in the visual with tactile session, the preferred cosmetics raised
the level of oxytocin in the PAG, whereas the non-preferred ones did not. These results represent the
importance of tactile information processing (touch) in attachment to cosmetics. Skin-to-skin contact is
one of the earliest communication channels promoting attachment between the infant and the caregiver
[9]. Behavioral evidence suggests that human social touch is particularly dependent on the emotional
bond between individuals [41]. It is also well known that touch triggers the release of oxytocin [33], and
parental touch is linked with increased oxytocin levels in parents [42]. Based on these �ndings, we
concluded that tactile information processing may play an important role in attachment to cosmetics, as
in the case of attachment in human relationships.

In addition to the brainstem regions, the putamen, posterior hippocampus, and PCC, which have not been
identi�ed to be involved in long-term human attachment [14] (Table 2), were also signi�cantly activated.
The putamen receives many dopaminergic �bers projections from the SN/VTA and is a dopamine-rich
site. It has been shown that the rat homologue of the putamen represents habitual stimulus-response
associations [43], and this �nding has been shown to extend to humans [44]. Moreover, this region plays
a critical role in action-reward associations [45]. Accordingly, the putamen activity in the present study
may be involved in habitual behaviors of daily use of one's favorite cosmetics. The hippocampus is
involved in memory processing, including memory retrieval, and is also involved in reward processing [46-
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48]. In fact, long-term potentiation in this region is enhanced and prolonged by dopaminergic inputs from
the SN/VTA [49]. In addition, the hippocampus is functionally connected with the PCC [50], which is
involved in autobiographical memory retrieval when listening to familiar person names as opposed to
non-familiar person names [51]. The PCC has been implicated in many other studies involving familiarity
[52, 53], and those involving self-representation [54-56]. Furthermore, the PCC plays a critical role in
regulating the focus of attention [57-59]. Memories are considered to enhance attachment formation
through daily physical contact with cosmetics. Indeed, it has been shown that the extent to which a
product evoked memory was shown to be positively related to the degree of product attachment and
affected the degree of attachment for the product [7]. The PCC was shown here to be involved in the
preference irrespective of tactile cues, and its activity positively correlated with activity of each brainstem
regions. This result suggests that the brainstem activity is involved in autobiographical memory retrieval
and self-referential processes, evoked by the visual with tactile cues of an individual's attachment to
cosmetics. Moreover, the right SI activity was positively correlated with each activity of the DRN and PAG,
suggesting a role of the SI in tactile discriminative processing between the preferred and non-preferred
cosmetics.

In the present study, we did not con�rm whether the same results in the visual with tactile session would
be obtained by only the tactile stimulation of an individual's favorite cosmetics, since we had not
conducted a solely tactile session. We cannot deny the possibility that only tactile stimulation without
any visual information evokes the brainstem and/or memory-related activity. Furthermore, it is insu�cient
to deduce the general relationships between products and the users, only from the present study. It is
necessary to investigate the differences in brain activity, depending on the characteristics of products and
sex. To investigate these further, additional fMRI experiments will need to be performed.

Materials And Methods
Participants

A total of 20 healthy right-handed women (age [mean ± standard deviation]: 33.4±3.5 years) participated
in the present study. All recruited participants were regular users of one of the three face serums of
famous luxury brands (A, B, and C), consuming them more than three times per week. These cosmetics
were all within the same price-range (A ~ ¥13,500/50 mL; B ~ ¥13,500/60 mL; C ~ ¥13,000/50 mL). The
number of users of each serum was similar (7 participants for A, 7 for B, and 6 for C), and more than �ve
bottles of the serum (5.2 ± 2.0 bottles) were used at the time of the fMRI experiment. They had no history
of neurological or psychiatric disorders and provided written and oral informed consent to participate in
the present study. The Research Ethics Committee of the Shiseido Global Innovation Center approved the
present study, and all the experiments were conducted in accordance with the approved guidelines.

Stimuli, trial protocol, and procedure

We used three types of face serums (A, B, and C) that had different textures and were in bottles with
different visual appearances; each participant could clearly discriminate her regular serum from the
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others. The fMRI experiment consisted of two sessions for every participant with two conditions per
session: (i) a visual session consisting of the regular-use serum (the participant's preferred cosmetic) and
the control (the other non-preferred cosmetics) conditions, repeated twice per condition, and (ii) a visual
with tactile session consisting of the preferred cosmetic conditions and the non-preferred cosmetic
conditions, twice per condition. Each stimulus was presented for 30 s (task block) with a 30 s interval
(rest block). The stimulus presentation order was counterbalanced across participants. In the visual
session, participants viewed the photo of a face serum bottle as stimulus in the MRI scanner using
goggles that allowed the photos to be projected. In the visual with tactile session, participants were
applied with the face serum on the back of their left hands, while they viewed the photo of the face serum
bottle. The amount of serum applied was 0.2 mL per task block. A beauty specialist applied the serum on
the back of the participant's hand using the �ngers and palm of her right hand. She applied it to the skin
and moved her hand in a circle, slowly and softly. The speed of movement was approximately 2.5 s per
cycle. The application procedure was the same for all task blocks. During the rest block, she removed the
serum from the participants' hand using a warm wet towel.

Subjective evaluations

After the fMRI experiment, outside the MRI scanner, participants evaluated all the face serums on a visual
analog scale (from 0 to 100 points) of six items: "positive feeling of texture," "expectation for skincare
effect," "want to buy," "security," "satisfaction," and "attachment" after being applied with the serum in the
same manner as they had in the scanner. The average scores of each subjective evaluation were
compared between conditions using a paired t-test with a signi�cance level of p = 0.01. In addition, we
conducted a multiple regression analysis with "attachment" as the dependent variable and the other items
as the independent variables, with a signi�cance level of p = 0.05 based on the stepwise method.
Furthermore, we checked the residuals for the regression analysis by performing the Shapiro-Wilk test of
normality with a signi�cance level of p = 0.05 and calculated the Durbin-Watson statistic for the null
hypothesis of no autocorrelation. Statistical analysis was carried out using SPSS software, version 21.0
(SPSS, Inc., Chicago, IL).

fMRI data analysis

Scanning was conducted with a 3.0T MRI system (Achieva Quasar Dual; Philips Medical Systems, Best,
the Netherlands). Blood oxygenation level dependent T2*-weighted MR signals were measured with a
gradient echo-planar imaging (EPI) sequence (repetition time [TR] = 3,000 ms, echo time [TE] = 35 ms, �ip
angle [FA] = 90°, �eld of view [FOV] = 230 × 230 mm2, scan matrix = 128 × 128, total scan time = 492 s,
dynamic scans = 164 volumes, slice thickness = 5 mm, and 23 slices per volume). Image processing was
conducted using the statistical parametric mapping software (SPM8, Wellcome Department of Imaging
Neuroscience, London, United Kingdom; http://www.�l.ion.ucl.ac.uk/spm/software/spm8). T1-weighted
anatomical images were acquired (150 slices, thickness 1.0 mm, TE = 2.0 ms, TR = 23 ms, FOV = 240 ×
240 mm2, FA = 30°, and matrix size = 240 × 240). EPIs were spatially realigned, co-registered, and
normalized to the Montreal Neurological Institute template. Normalized images were smoothed using an
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8 mm full-width half-maximum Gaussian kernel. The data were temporally convolved with a
hemodynamic response function and high-pass �ltered with a cutoff period of 128 s. Each condition was
modeled using a separate regressor, and the second-level analysis was performed. For the ROI analysis,
we set the brain regions that had been identi�ed in the previous fMRI studies of human love attachment
in relationships [13-15, 26] (Table 1), as a set of spherical ROIs (radius 5 mm) for the contrast of the
preferred cosmetic condition with the non-preferred cosmetic condition in each session, and tested their
signi�cance in the differential brain activity between the visual with tactile session and the visual session,
by using the SVC test (signi�cance level; p = 0.05, FWE).

Moreover, we conducted a multiple regression analysis with the score of a subjectively evaluated item
that was signi�cantly correlated with a feeling of "attachment" as the dependent variable, and the
eigenvariate values of the ROIs that were signi�cant by the SVC test as the independent variables, in each
of the visual with tactile and visual sessions, with a signi�cance level of p=0.05 based on the step-wise
method. In addition, we added the somatosensory-related ROIs {the right SI (40 -31 59), secondary
somatosensory area (SII) (52 -24 20), and posterior insula (PI) (42 -31 21), and the left SII (-58 -20 14)}
identi�ed in our previous studies [27, 28] to the above ROIs in order to con�rm the tactile effect on the
somatosensory-related regions. Next, we conducted 2×2 (conditions × sessions) repeated measures
analysis of variance for the ROI activity versus baseline in each condition (p < 0.05), and compared their
activities between the visual with tactile and the visual sessions using a paired t-test based on a
Bonferroni correction (p < 0.025 = 0.05/2) when there was a signi�cant interaction between conditions
and sessions. Moreover, we conducted multiple regression analyses with the eigenvariate value of each
brainstem region (DRN, PAG and SN/VTA) as the dependent variable, and activities in each of the
memory-related ROIs and the somatosensory-related ROIs, based on the step-wise method corrected by
Holm method (p < 0.05). Furthermore, we checked the residuals for all regression analyses by performing
a Shapiro-Wilk test of normality (signi�cance level; p = 0.05) and calculated the D-W statistic for the null
hypothesis of no autocorrelation.

Data availability
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Tables
Table 1. Summary of the previous fMRI studies of attachment in human relationships.
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fMRI study Numbers of
subjects

Age Duration of relationships

 Aron et al,
2005 [13]

 17 subjects (10
females, 7 males)

 18-26 years

 (mean = 20.6 years,
median = 21 years)

 1-17 months, mean = 7 months,
median = 7 months

 Bartels &
Zeki, 2000
[26]

 17 subjects (11
females, 6 males)

 21-37 years

 (mean = 24.5 years,
median = 23 years)

 mean = 2.4 years, s.d. = 1.7
years, median = 2.3 years

 Kikuchi et al,
2017 [15]

 17 subjects (17
males)

 22-43 years

 (mean = 31.4 years,
s.d. = 7.7 years)

 11 subjects married 
 (marital duration = 5.2 ± 5.9
years, age 35.0 ± 6.8 years)
 6 subjects not married 
 (relation duration = 1.7 ± 1.3
years, age 24.8 ± 3.7 years)

 Acevedo et
al, 2011 [14]

 17 subjects (10
females, 7 males)

 39-67 years

 (mean = 52.9 years,
s.d = 8.9 years)

 All married 10-29 years,

 mean = 21 years, s.d. = 5.9 years

 s.d., standard deviation. Data are presented as meanstandard deviation.

Table 2. The differential activity of different brain regions on using the preferred vs. the non-preferred
cosmetics.
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L/R Brain
region

    MNI Session p-
values

fMRI study (ROIs)

x y z visual visual
+
tactile

R PCC 3 -22 29 0.375 0.018*   Aron et al, 2005 [13] (7 months); Bartels et
al, 2000 [26] (2.4 years)

R putamen 29 2 -3 0.175 0.028*   Bartels et al, 2000 [18] (2.4 years)

L posterior
HC

-40 -36 -12 0.517 0.027*

R posterior
HC

40 -31 -4 0.464 0.021*

L PCC -4 -22 32 0.439 0.025*   Kikuchi et al, 2017 [15] (5.6 years)

R PCC 6 -16 32 0.311 0.009*

R DRN 6 -32 -24 0.575 0.041*   Acevedo et al, 2011 [14] (21.5 years); 
  (DRN: Kikuchi et al, 2017 [15] (5.6
years)/PAG: Kikuchi et al, 2017 [15] (5.6
years),  

   Bartels et al, 2004 [18] (maternal love))

R PAG 3 -35 -28 0.529 0.034*

R SN/VTA 4 -20 -16 0.364 0.047*

Signi�cant probability of each ROI activity is shown in each session (SVC, p < 0.05 FWE). * represents
signi�cance

SVC, small volume correction; FWE, family-wise error; MNI, Montreal Neurological Institute coordinates;
DRN, dorsal raphe nucleus;

SN, substantia nigra; VTA, ventral tegmental area; PAG, periaqueductal gray; PCC, posterior cingulate
cortex; HC, hippocampus.

Figures



Page 16/20

Figure 1

Comparisons of subjective evaluations between the preferred cosmetics vs. the non-preferred cosmetics
for each of the six items. An asterisk (*) represents signi�cance as assessed by a paired t-test (p < 0.01).
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Figure 2

Correlation between the subjective evaluation items, "attachment" and "security," as assessed by the
multiple regression analysis performed by designating the former item as the independent variable, and
the other �ve items as the dependent variables, based on the step-wise method (p < 0.05).
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Figure 3

The brainstem regions of interest (white circle) superimposed on the whole brain activity (p < 0.01,
Clusters > 10, for illustration). DRN, dorsal raphe nucleus; SN, substantia nigra; VTA, ventral tegmental
area; PAG, periaqueductal gray.

Figure 4

The correlations between the differential DRN activity (horizontal axis) and score of "security" feeling
(vertical axis) for the preferred cosmetics vs. non-preferred ones, in the visual session (visual) (a) and the
visual with tactile session (visual with tactile) (b). DRN, dorsal raphe nucleus.
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Figure 5

Beta values (vertical line) of the regions of interest in the non-preferred and preferred cosmetics (visual;
visual session), and the non-preferred and preferred cosmetics (visual + tactile; visual with tactile
session). a) PAG (3 -35 -28), b) R SI (40 -31 59), c) R SII (52 -24 20), d) L SII (-58 -20 14), e) R PI (42 -31
21), f) L PCC (-4 -22 32), and g) R PCC (6 -16 32) . SI, primary somatosensory cortex; SII, secondary
somatosensory cortex; PI, posterior insula; PCC, posterior cingulate cortex, PAG, periaqueductal grey.



Page 20/20

Figure 6

The correlations of the differential DRN activity (vertical axis) with PCC (6 -16 32) activity (horizontal
axis) (a) and those with SI (40 -31 59) (b), for the preferred cosmetics versus non-preferred ones in the
visual with tactile session, and the correlations of the differential PAG activity (vertical axis) with PCC (6
-16 32) activity (horizontal axis) (c) and those with SI (40 -31 59) (d), for the preferred cosmetics versus
non-preferred ones in the visual with tactile session. DRN, dorsal raphe nucleus; PAG, periaqueductal gray;
PCC, posterior cingulate cortex; SI, primary somatosensory cortex.


