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Abstract

Cosmetics are used to improve physical appearance, but the benefits may be
limited to people without visual impairment. The importance of attractive-
ness among blind persons has not been assessed. We investigated the influ-
ence of makeup on brain activity of blind persons using functional magnetic
resonance imaging (fMRI). Participants were 7 blind females (BFs) who learned
to fully apply makeup and 9 mostly age-matched normally sighted females
(NSFs). Brain activity was measured using fMRI before and after application
of makeup and during a makeup image task in each state. In the default mode
network at rest, there was no difference between the BFs and NSFs. However,
a lateral visual network to the opposite side was observed in the NSFs, whe-
reas no such network was noted in the BFs. A weak network was noted in the
BFs in the occipital fusiform gyrus and temporal occipital fusiform cortex,
and an extensive visual area network defect was noted. Also, activity after
makeup application was significantly higher in the nucleus accumbens, palli-
dum, and hippocampus. Activity in the right middle cingulate gyrus, right
cerebral white matter, and right anterior cingulate gyrus was higher before
makeup in both BFs and NSFs, and the activity was significantly higher and
more extensive in the BFs. In conclusion, applying makeup is a personally
rewarding activity, even for BFs, as it strongly activates the reward system and
the reward/memory system network, even in the absence of a visual area
network.
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1. Introduction

Cosmetics make us appear beautiful, but the benefits may be limited to sighted
people. Makeup, including foundation and lipstick, is essential for the social life
of females. Pretending to be sociable by being aware of oneself wearing makeup
and conscious of being gazed at enables the mental improvement of individuals
at work and in their daily life.

On the other hand, the importance of appearance among visually impaired
persons has not been assessed because they cannot be aware of themselves wearing
makeup or be conscious of being gazed at by others. However, visually impaired
persons sense the reactions of others due to subtle changes in the words and at-
mosphere more so than the sighted persons. In addition, it has recently been re-
ported that mental and behavioral changes due to applying makeup by visually
impaired persons themselves render going out and meeting people fun [1]. Fur-
ther, blind people experience emotions and carry out daily activities proactively
based on the reactions of persons around them. The elucidation of brain func-
tion and pathology has rapidly progressed due to the development of computers
and advances in statistical analysis methods, and functional magnetic resonance
imaging (fMRI) is a highly reliable analytical method capable of visualizing
changes in local brain blood flow accompanying nerve cell activity. In general, a
task inducing nerve cell activity in the objective region was applied and observed,
but studies on connectivity of the brain function at resting state MRI (rstMRI)
have recently markedly progressed because brain function can be analyzed with-
out a task. In addition, many studies on the default mode network (DMN), espe-
cially those on cognitive function [2] [3] [4] and psycho-neurologic disease, have
been published [5] [6] [7].

The visual sensation of sighted persons has been closely investigated using
fMRI, and the regions of objects in the visual area and the recognition mechan-
ism have been clarified [8] [9]. However, to the best of our knowledge, there has
been no report on DMN in visually impaired persons. Thus, in this study, fMRI

was used to analyze how cosmetic usage affects brain activity in blind people.

2. Materials and Methods
2.1. Subjects

The subjects were 7 blind females (BFs) who took a course and developed the
ability to fully apply makeup by themselves, alongside 9 normally sighted fe-

males (NSFs) of the same or a similar age.
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2.1.1. Selection Criteria

¢ Applying makeup by oneself on a daily basis.

e Provision of written consent (verbal record was acceptable because of blind-
ness) by free will after receiving an explanation of and understanding the
study. When a disease other than skin disease was present, treatment was not

restricted.

2.1.2. Exclusion Criteria

o Severe skin disease on the face.

e History of skin symptoms, such as contact dermatitis, due to the components
of the test product and analogous components.

e Contraindications for fMRI measurements (such as gold thread embedded by
cosmetic surgery).

e Use of drugs influencing brain activity.

e Pregnancy.

e Judged as ineligible to participate in this study by the physician in charge.

2.2. Regulation of Concomitant Drugs (Therapy)

Treatment of other diseases and complications being performed from before in-
itiation of this study was continued. When a therapeutic drug (oral and exter-
nal preparations) was used, the type, administration method, and dose were not
changed during the study period as a general rule. However, when a drug influen-
cing brain activity was used, the patient was excluded based on the judgment of

the physician in charge.

2.3. Approval by the Ethics Committee and Informed Consent

The study protocol was approved by the ethics committee of Okayama Univer-
sity Faculty of Medicine and Ohnishi Neurological Center, and written consent
was acquired from each normally sighted subject. For visually impaired persons,
the physician in charge of the inspection institute verbally read the consent form

and received oral consent from the subject.

2.4. Evaluation

2.4.1. Procedure
The following measurements were performed on the blind and control sighted
persons using the SIGNA Architect 3.0-T MRI (General Electric Corp., Boston,
MA, USA).

1) fMRI measurement in a resting state without makeup;

2) fMRI measurement during an image task of applying makeup without us-
ing cosmetics;

3) fMRI measurement in a resting state with makeup;

4) fMRI measurement after the image task of applying makeup using cosmetics;

5) Standard MRI (diffusion weighted imaging [DWI], T2, fluid attenuated in-
version recovery [FLAIR], and T2*) acquisition.
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The cosmetics used were unscented, from the “NOV makeup series” (TOKIWA
Pharmaceutical Co. Ltd., Japan). All compounds and raw materials met the cri-
teria for cosmetic materials of “the Law for Ensuring the Quality, Efficacy, and
Safety of Drugs and Medical Devices” and are commercially available. The time
needed to apply makeup in the next room after measurement of 2) was approx-
imately 15 minutes for both visually impaired and sighted persons, and they ap-
plied similar makeup styles using the cosmetics. To render the conditions of the
NSFs uniform with those of the BFs, the NSFs wore an eye mask and closed their
eyes during MRI scans.

2.4.2. Oral History
1) Age and presence of skin disease;
2) Dominant hand;
3) Frequency of use of makeup and items used;
4) The presence of tattoos or gold thread embedded by cosmetic surgery;
5) Conduction of fMRI in the past;

6) Age at onset of visual impairment (only for BFs).

2.4.3. Questionnaire
The questionnaire below was answered by all subjects and the score was summed.
In the BFs, after the fMRI measurements, the physician in charge of the assess-
ment orally questioned and recorded answers in the makeup room. The sighted
persons filled out the survey by themselves.

1) Interest in MRI (very interested: 3, normal: 2, not very interested: 1);

2) Anxiety about MRI (very strong: 3, normal: 2, almost none: 1);

3) Sleepiness during test (strong: 4, slightly strong: 3, a little: 2, none: 1);

4) Performance of makeup in test (very good: 5, good: 4, normal: 3, slightly
poor: 2, poor: 1);

5) Advantages of makeup (Fun, happy, gaining confidence: 1 point each);

6) Specific effects of makeup (joy, confidence, smiling face, improvement of
depression, relief of anxiety, improvement of sense of alienation, elimination of
inferiority complex, self-love, motivation, positivity, participation in society, and

cooperation with the society) (1 point each).

2.4.4. MRI Measurement Methods

1) Device used: SIGNA Architect 3.0-T MRI of GE, 48-channel head coil.

2) Acquisition conditions:

Morphological image: 3DT1WI, DWI, FLAIR, and T2WTI;

Functional image at rest: Gradient echo planar imaging (EPI);

Frequency field of view (FOV): 21.2 cm, TR: 2500 ms, matrix size 64 x 64;

Phase FOV: 1.0, TE; 30 ms, frequency encode: R/L;

Slice thickness: 3.2 mm, flip angle: 80, sensitivity correction: none, spacing: 0.8
mm, adding frequency: 1, ASSET: 2.0 Ph;

Number of slices: 40, 180 samples, acquisition time: 7 min 40 s.
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All participants were confirmed to be awake by technologists during all mea-

surements, and head movement within 5° was detected using a monitoring device.

2.4.5. Brain Activity Analysis
For the brain activity analysis, functional brain mapping was performed using
SPM 12 (Wellcome Department of Cognitive Neurology, London).

First, movement in the functional images was corrected by preprocessing, and
anatomical images (T1) were registered to functional images (MNI T1) and sub-
jected to an affine conversion. After segmentation of anatomical images, norma-
lization of functional images, spatial smoothing, and batch processing were per-
formed.

Individual analysis of brain activity (first-level analysis) was incorporated into
the general linear model (GLM) after the design matrix preparation. Partial re-
gression coefficients of regressors of individual GLM were calculated, and the
contrast between conditions was prepared, after which statistical tests were car-
ried out.

For the population analysis of brain activity (second-level analysis), the design

matrix was prepared, after which a statistical estimation was carried out.

2.4.6. Neural Network Analysis
For the functional connectivity analysis, CONN toolbox release 17

(https://www.nitrc.org/projects/conn, RRID: SCR_009550) software was used.

Fundamental information was input during setup, after which the structural
images and functional images of the brain were set, and preprocessing (correc-
tion, registration, segmentation, normalization, and smoothing) was performed.
Regions of interest (ROIs) were then set, and primary covariates (covariates lev-
el) and secondary covariates (covariates second-level) were set. Denoising
processing, individual analysis of functional connectivity (first-level analyses), and
ROI-to-ROI and seed-to-voxel analyses were performed as population analyses
(second-level analyses).

For analytical images, DICOM images were converted to NIFTI images and
analyzed using an exclusive personal computer. Numerical analysis was per-
formed using Matlab (MathWorks®, Natick, MA, USA).

3. Results

Examinations were carried out without any problem for all subjects. A total of
1.5 hours were required per person on average. Analyses were performed after

completion of the test in all subjects.

3.1. Background of Subjects

There were 7 BFs aged 30- to 73-year-old, and the mean age was 52-year-old.
The causative diseases of visual impairment varied, and included retinoblastoma,
eye abnormality, acute outer retinopathy, retinal pigmentary degeneration, con-

genital glaucoma, and congenital retinal pigmentary degeneration. Regarding the
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time to blindness onset, one subject was blind from immediately after birth and
the other subjects transitioned from having low vision to blindness, with the du-
ration of time prior to blindness onset ranging from 4 to 70 years, with a mean
duration of 19.4 years, thereby demonstrating strong individual variation. Four
subjects had jobs (one was on leave) and 3 were housewives. There were 9 NSFs
aged 32- to 73-year-old, and the mean age was 55-year-old. All had jobs and
were mainly medical workers. Two BFs were left-handed, but all NSFs were right-
handed (Table 1).

3.2. Questionnaire

Of the questionnaire items, almost no difference was noted between the BFs and
NSFs in terms of interest in makeup, anxiety for the test, sleepiness during the
test, or impression of makeup. Regarding the advantages and effects of makeup,
the BFs strongly felt the effects of makeup (Figure 1).

3.3. Individual Analysis

Optic nerve atrophy was noted in all BFs on conventional MRI, but there was
almost no change in the brain parenchyma, and only a change considered to be
an old infarction was observed in the left occipital lobe medial secondary visual
area (BM 18) in a 70-year-old subject with congenital blindness. Among the
NSFs, no abnormal finding was noted in the brain in any subject.

The active regions on fMRI scans at rest and during the image task varied
among the BFs and NSFs, but no specific tendency was noted. In the congenital-
ly blind subject, activity was noted only in the frontal lobe in contrast to the ex-
tensive activity noted in the parietal and temporal lobes rather than the frontal

lobe in the other subjects.

70 -
[BF [NSF
60 [
50 -

40 -

Score

30 —

20

10

i Al I

Interestin  Anxietyto  Sleepiness Impression Benefit of Impact of
MRI study  Study during MRl of makeup  makeup makeup

Figure 1. Results of the questionnaire between BF and NSF. There were no differences in
the responses to questions regarding the MRI study, anxiety to study, sleepiness during
MRI, or makeup impression. However, many BF responses reflect the benefit of makeup
and impact of makeup compared to NSF. BF, blind female; NSF, normal sighted female;
MRI, magnetic resonance imaging.
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Table 1. Participant demographics.

10

11

12

13

14

15

16

ID

BF-1

BF-2

BEF-3

BF-4

BE-5

BF-6

BE-7

NSE-1

NSF-2

NSE-3

NSF-4

NSE-5

NSE-6

NSE-7

NSEF-8

NSE-9

Age

73

30

50

64

41

70

38

64

72
67
39
73
32
47
56

50

Duration of

. Duration of | Makeup habit
. Dominant . Ageat K blind makeup .
Occupation Cause of blindness . blindness . before blind
hand blindness training
[Years] makeup
[Months]
House wife R Retinitis pigmentosa 55 18 10 None
Company worker L Binocular retinoblastoma 26 4 6 None
. o Face powder
Director of NPO R Retinitis pigmentosa 39 11 5 .
and lipstick
. Congenital Foundation
House wife R X . 50 14 6 o
microphthalmia and lipstick
Unknown (Acute Usual full
Nurse (on leave) R . 37 4 12
retinopathy suspected) makeup
X X Skin lotion
House wife R Congenital glaucoma 0 70 24 .
and lipstick
Congenital malformation
Trombonist L of eyeball (R: blind, 23 15 6 None

L: amblyopia)

Instructor of blind

makeup
House wife

Pharmacist

Laboratory technician

Pharmacist

Office clerk

Office clerk
Nurse

Nurse

= = ®=® =2 ® = =

R

The ages at blindness describe the onset of blindness, which is defined as an absence of vision with, at most, minimal light perception. BF, blind female; NS,
normal sighted; R, right; L, left; NPO, nonprofit organization.

3.4. Population Analysis (Seed-to-Voxel Analysis)

The functional connectivity at rest was analyzed in the 8 main brain networks in
the BFs and NSFs (Table 2).

3.5. Before and After the Makeup Task

The anatomically activated regions before and after the makeup task were sub-
jected to a subtraction analysis using SPM 12, and compared between the BFs
and NSFs.

1) When connectivity of the DMN was observed, with the medial prefrontal
cortex (MPFC), lateral prefrontal cortex (L, R: Left, Right), and posterior parietal
cortex (PPC) as seeds, no difference was noted in any seed between the BFs and
NSFs (Figure 2).

2) Regarding the lateral visual network, a network to the opposite visual area
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post

NSF
pre

NSF
post

was clearly noted in both sides in the NSFs. In contrast, in the BFs, no network
to the opposite side was observed (Figure 3), suggesting a lack of network to the
primary visual area in the BFs.

3) In the occipital fusiform gyrus, similar to the lateral visual network, only
weak activity to the opposite side was noted in the BFs, but activity was clearly
noted in the NSFs (Figure 4).

Table 2. Major brain resting-state network.

MPEC (medial prefrontal cortex)
1 DMN (default mode network) LP (lateral prefrontal cortex)
PPC (posterior parietal cortex)
2 Sensory-motor Lateral (L/R), Superior
3 Visual Medial, occipital, lateral (L/R)
ACC (anterior cingulate cortex)
4 Salience RPFC (rostral prefrontal cortex) (L/R)
SMG (supramarginal gyrus) (L/R)

FEF (frontal eye field) (L/R)

5 Dorsal attention
IPS (inferior parietal sulcus) (L/R)
LPFC (lateral prefrontal cortex) (L/R)
6 Fronto-parietal
PPC (posterior parietal cortex) (L/R)
IFG (inferior frontal gyrus) (L/R)
7 Language
pSTG (superior temporal gyrus, posterior) (L/R)
8 Cerebellar Anterior, posterior

CONN fMRI: Gabriell Lab, McGovern Institute for Brain Research, MIT; L, left; R, right; a Reference:
Whitfield-Gabrieli, S. and Nieto-Castanon, A. (2012) CONN: A Functional Connectivity Toolbox for Cor-
related and Anticorrelated Brain Networks. Brain Connect, 2, 125-141.
https://doi.org/10.1089/brain.2012.0073

pre

BF
post

NSF
pre

NSF
post

Figure 2. Connectivity of the default mode network. (a) Seed-to-Voxel analysis of the medical prefrontal cortex (MPFC). (b)
Seed-to-Voxel analysis of the posterior cingulate cortex/precuneus (PCC). These results show no differences in default mode net-
work activity between BF and NSF before and after makeup. L, left; R, right; BF, blind female; NSF, normal sighted female.
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Figure 3. (a) Seed-to-voxel analysis of the lateral visual network (left). (b) Seed-to-voxel analysis of the lateral visual network
(right). (a) Indicates no visual network from the lateral visual cortex to the opposite site, pre- and post-makeup in BF, while the
NSF has a clear network between the right and left lateral visual cortex. (b) Shows that the seeds of the right visual cortex have no
network to the left side in BF, but the NSF has a remarkable network between both the lateral visual cortex before and after ma-
keup application. L, left; R, right; BF, blind female; NSF, normal sighted female.

a b

BF BF
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BF BF * 'g

post post ﬂ * f #; ﬁ ﬁ
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Figure 4. (a) Seed-to-voxel analysis of the occipital fusiform gyrus (left). (b) Seed-to-voxel analysis of the occipital fusiform gyrus
(right). The occipital fusiform gyrus in both sides assumes the role of higher-level processing of visual information, including the
identification and differentiation of objects, as well as being involved in memory, multisensory integration and perception. Both
figures show the network differences of the occipital fusiform gyrus between BF and NSF. While the former group has no network
between either side, the latter has a clear network between both sides. L, left; R, right; BF, blind female; NSF, normal sighted fe-
male.

4) In the temporal occipital fusiform cortex, only weak activity was noted on
the opposite side in the BFs, but strong activity on the opposite side was clearly
noted in the NSFs, suggesting that the network to the opposite side was absent or
very weak in the secondary visual area and visual association area in the BFs.

5) Regarding the nucleus accumbens, the activity was significantly increased
by makeup in the BFs compared with that in the NSFs, but no difference was
noted in the network after makeup in the NSFs (Figure 5), suggesting that the
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joy experienced by makeup was stronger in the BFs than in NSFs because the
nucleus accumbens is a nerve cell population of the reward system.

6) In the pallidum, the activity was stronger in the BFs than in NSFs and the
reaction after makeup was stronger in the BFs, whereas it weakened in the NSFs

(Figure 6).
7) In the hippocampus, activity was also slightly stronger in the BFs than in
the NSFs.
a &y b L R
BF BF b % de‘ *\3}'
- BXLE
BF BF *“A * ’%;b #\L} Z 4
post post A { } %;
NSF nsF [ gﬁ Aor
pre pre *"* r } gv
NSF Ol o, 83h Aoe
post post * \J » {v} g y

Figure 5. (a) Seed-to-voxel analysis of the accumbens (left). (b) Seed-to-voxel analysis of the accumbens (right). Response of both
accumbens regions in BF was remarkably stronger than NSF. The accumbens area is considered a neural interface between moti-
vation and action, playing a key-role in food intake, sexual behavior, reward-motivated behavior, stress-related behavior, and sub-
stance-dependence. The observed activity difference indicates that BFs may experience more joy on applying makeup than NSFs.
L, left; R, right; BF, blind female; NSF, normal sighted female.

BF
pre

BF
post

NSF
pre

NSF
post

Figure 6. (a) Seed-to-voxel analysis of the pallidum (left). (b) Seed-to-voxel analysis of the pallidum (right). The activity of the
pallidum was stronger in the BFs than in NSFs, and the reaction after makeup was stronger in the BFs. The pallidum is one of the
subcortical structures of the brain and is part of the basal ganglia. It is divided into outer and inner segments, both of which con-
tain large GABAergic projection neurons. L, left; R, right; BF, blind female; NSF, normal sighted female.
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In the other language inferior frontal gyrus (IFG) (L, R), language posterior
superior temporal gyrus, (pSTG) (L, R), visual medial, visual occipital, sensory-
motor lateral (L, R), amygdala (L, R), caudate (L, R), hippocampus (L, R), puta-
men (R, L), and thalamus (L, R), no clear difference was noted in activity after
makeup in the BFs or NSFs.

Excluding the visual lateral network, no difference was noted in the ROI-to-ROI
population analysis between the BFs and NSFs, nor was there a difference due to
the application of makeup.

In the subtraction analysis of the anatomical regions before and after the ma-
keup task using SPM 12, there was no region in which the activity significantly
increased after makeup in the BFs, whereas the activity was significantly higher
before makeup in the right middle cingulate gyrus (p = 0.00047). Similarly, there
was no region with an increase in the activity after makeup in the NSFs, and the
activity was slightly higher before makeup in the right cerebral white matter and
right anterior cingulate gyrus (p = 0.004). However, the activity was significantly
stronger and more extensive in BFs than in sighted individuals before and after
makeup on comparison of the BFs and NSFs, whereas there was no region in

which the activity was significantly higher in the NSFs than in BFs.

4. Discussion

According to a 2015 estimate, there are 216 million persons with moderate to
severe visual impairment worldwide-188 million with mild visual impairment
and 36 million considered blind [10]. Persons developing visual impairment
from a variety of causes receive good support, but considering that visual infor-
mation accounts for a considerable portion of sensation, they may lead an in-
convenient life.

The history of makeup in Japan is old. Cosmetics were initially transmitted
from China in the late 6th century, and knowledge of makeup was established in
the 17th century. Daily makeup use among females is considered as grooming.
Makeup not only to enables one’s self-expression to others by creating an es-
thetic pretense, but also generates psychological effects such as relaxation and
improved mood [11].

Ueno et al. investigated nerve activity using fMRI while subjects observed 144
pictures of the same face with and without makeup (48 pictures with makeup, 48
pictures without makeup, and 48 scrambled pictures). In the left orbitofrontal
cortex (OFC) and right hippocampus, the activity was higher viewing faces with
makeup than without, and activity in the right anterior cingulate cortex, left
hippocampus, and left OFC increased in response to the enhanced facial beauty
as a result of cosmetics use [12]. Sato ef al [1] analyzed the subjective happiness
scale (SHS) score while using fMRI, and found a decreased fractional amplitude
of low-frequency fluctuations (fALFF) in the right precuneus increased the SHS
score, whereas the functional and effective connectivity in the right precuneus

and right amygdala was positively correlated with the SHS score [1].
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Although visually impaired persons cannot see their own face in a mirror, they
recognize it by touch. In visually impaired females, the tactile sensation of the
hands may replace the function of the eyes. Many studies and reviews using f{MRI
on brain function and plasticity of the visually impaired have been performed.
Task studies on brain plasticity [13] [14] [15] [16] [17] report that in persons
with early visual impairment, the visual area functions in processing tactile in-
formation (Braille reading) [18] [19], cerebellar activation during Braille reading
[20], interpretation of words [21] [22] [23], and auditory processing [24].

Conversely, there are fewer reports on networks at rest. According to Yu et al,
early blind subjects showed decreased functional connectivity between the left
primary visual area and the bilateral supplementary motor area, pre- and post-
central gyri, superior parietal lobule, and the left superior and middle temporal
gyri [25]. Burton et al showed the functional connectivity between the visual
cortex and region associated with cognitive control is more marked in BFs com-
pared to NSFs [19]. No report was found using fMRI that focused on the activity
in the accumbens and pallidum of the visually impaired at rest. Our study showed
that higher activity of the accumbens and pallidum regions in BFs compared to
NSFs is consistent with previous reports that these regions are involved in the
reward system [26] [27], which is supported by the happiness scale per the ques-
tionnaire.

Our study captured fMRI changes in the brains of females with a large handi-
cap (ie, visual impairment) induced by applying makeup by themselves. Seven
females who took a nationwide short course of blind makeup application parti-
cipated in this study. As such, the sample size was small, but all subjects had
bright expressions and were more positive about life by being able to apply their
own makeup.

In visually impaired persons, we found no visual network to the opposite side
was formed among large-scale networks in the brain at rest, which is a new dis-
covery. In addition, reward system activity was significantly stronger in visually
impaired persons than in sighted persons of the same age. The visual cortex of
visually impaired persons is deeply incorporated into the functional system, in-
stantiating temporary recall (realization) and caution regarding non-visual events.
We found the interaction between the visual sensory area and non-sensory areas
was decreased.

This is the first scientific report to show that cosmetics are also beneficial for
blind people. With the advent of a globally aging society, this is a groundbreak-
ing revelation which suggests that even without sight; it is possible for use of
cosmetics to contribute to a long, proactive life.

In conclusion, our major findings were the network between the visual cortic-
es was lacking on fMRI in visually impaired persons, and also, their reward sys-
tems, including the nucleus accumbens, pallidum, and hippocampus, were acti-
vated on fMRI during the image task at rest. This study suggests that based on

their brain function, visually impaired females who apply makeup themselves as
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a fundamental daily activity can live fully and feel confident in society. For fu-
ture studies, based on the landmark results of this study, the number of partici-
pants will be increased, and the findings will be tested in other types of disabili-

ties.
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