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 We have developed an application for cognitive function training in order to cope with 
the increased number of dementia patients and the shortage of care workers in an aging 
society.  This application generates an image in which a person’s facial image is transformed 
into a puzzle where the aim is to reconstruct the face.  The puzzle is presented as a problem 
of person estimation to activate brain functions.  In this study, we conduct two brain activity 
sensing experiments using electroencephalograms to evaluate the effect of the facial image 
reconstruction puzzle on cognitive function.  The experiments suggest that the image 
reconstruction puzzle may affect the frontal lobe.

1. Introduction

 In Japan’s aging society, the proportion of people with dementia and dementia reserve in 
elderly people aged 65 and over is predicted to increase to about 25% in 2025.(1)  In addition, the 
demand for nursing care personnel is increasing, but the supply does not meet the demand, with 
the gap between supply and demand anticipated to widen in the future.(2)  For these reasons, it is 
necessary to take measures to reduce the burden on caregivers.
 In nursing homes, functional training for both exercise and cognition is carried out to 
maintain the physical function of the elderly.  Regarding the prevention of dementia, cognitive 
function training, such as giving intellectual problems (e.g., calculations and puzzles) to the 
elderly,  is performed.  The questions used for cognitive training are usually devised by facility 
staff.  These questions need to be updated every time they are used, placing an additional 
burden on the staff in addition to their normal care work.
 It has been reported that cognitive training such as solving puzzles is the most effective 
preventive measure for dementia.(3)  In addition, mild cognitive impairment (MCI), which is 
considered as a dementia reserve group, reportedly causes a greater memory capacity decrease 
for human faces than for buildings.(4)  On the basis of these facts, we have developed an 
application for cognitive function training (hereinafter referred to as the developed application) 
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to reduce the burden on nursing home staff and improve the cognitive function of the elderly.(5)  
The developed application is based on a puzzle using human facial images.

1.1 Overview of the developed application 

 This section describes the developed application, which automatically detects the face region 
and generates an image trimmed into a square, as shown in Fig. 1(a), from the input arbitrary 
human image.  After that, the generated facial image is divided into small square areas that 
are rearranged in a grid pattern to generate a puzzle image as shown in Fig. 1(b).  In this study, 
the image shown in Fig. 1(b) is called the image reconstruction puzzle.  In cognitive function 
training, we presented the image reconstruction puzzle and asked the recipient to guess the 
original person.  The number of squares in the image reconstruction puzzle can be set arbitrarily 
in the developed application to adjust the difficulty of the puzzle.

1.2 Purpose of this study

 The purpose of this study is to verify the effect of the image reconstruction puzzle generated 
by the developed application as cognitive training by sensing brain activity.  Cognitive function 
tests such as the Mini-Mental State Examination (MMSE) and brain activity measurement by 
electroencephalography (EEG) are used as evaluation methods in this study.  In the initial stage, 
verification is carried out with young students as subjects, since it is difficult to gather elderly 
people as subjects.
 This paper is organized as follows.  Section 2 shows the experimental results of effectiveness 
verification by cognitive function tests.  Section 3 describes the results of sensing experiments 
using brain waves for brain activity measurement.  Finally, Sect. 4 concludes this paper and 
describes future work.

Fig. 1. (a) Square facial image. (b) Image reconstruction puzzle.

(a) (b)
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2.	 Effectiveness	Verification	by	Cognitive	Function	Tests	

2.1	 Cognitive	function	tests	

 Nouchi et al.(6) utilized cognitive function tests to evaluate different kinds of portable games 
for cognitive function.  The portable games were Nintendo DS games designed for adults to 
train the brain, which are considered to be good for cognitive function training, and Tetris, a 
typical puzzle game.  The subjects were divided into two groups, with each group playing one 
of the two types of game.  The cognitive function tests were conducted both before and after 
playing the game, and the cognitive function test scores were compared to evaluate cognitive 
function.  In this case, the game is called an intervention and the test carried out before or after 
the intervention is called a pre- or post-intervention test, respectively.  As the cognitive function 
tests, MMSE and the Trail Making Test (TMT) are generally used.  The former evaluates 
general cognitive function and the latter evaluates specific cognitive function.  
 In accordance with the care prevention manual(7) prepared by the Ministry of Health, Labour 
and Welfare, the following are adopted as cognitive function tests.
 MMSE

This tests general cognitive function and is mainly used for screening for dementia.  It 
consists of 11 questions including those on orientation, calculation, writing, and drawing, 
and the maximum score is 30 points.

 Matsui	word	memory	test	(immediate	playback)
In this test, a subject is asked to memorize ten spoken words and to write them down within 
1 min after the reading is complete.  The subject repeatedly listens to and writes down the 
same words four times.  The maximum score is 40 points.  This test examines the memory 
function.

 Yamaguchi	Kanji	code	conversion	test
A subject is asked to convert the presented Kanji (Chinese character) into codes on the basis 
of the combination of the Kanji representing a color and the corresponding code.  As many 
conversions as possible should be performed within 2 min.  This test evaluates attention and 
execution functions.

 Word recall
A subject is asked to recall names belonging to the specified category, such as animals and 
vehicles, and to give as many names as possible within 1 min.  This is a test of language 
fluency.

 Matsui	word	memory	test	(delayed	playback) 
After completing the Matsui word memory test (immediate playback), Yamaguchi Kanji 
code conversion test, and word recall, the ten words used in the Matsui word memory 
test (immediate playback) are used for listening and writing again with a time delay.  The 
maximum score is 10 points.  This test examines the memory function.

 TMT-B
In this test, a paper in which numbers and Kana characters are located irregularly is used.  
A subject is asked to connect the numbers and Kana characters in order and alternately by 
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lines.  The time spent to connect all characters is scored.  This test checks the processing 
function.

2.2	 Cognitive	experiment	settings

 An experiment using cognitive function tests was performed to evaluate the effect of the 
developed image reconstruction puzzle.  In the experiment, the image reconstruction puzzle 
played the role of the intervention.  The subjects were 11 students in their 20s, who were 
classified into three groups to determine the effects of the intervention and the type of facial 
image used in the image reconstruction puzzle.  We prepared two types of facial images: 
celebrity and non-celebrity.  The former consisted of people whose faces the subjects may 
know, and the latter consisted of people whose faces the subjects did not know.  There were four 
people in the experimental group (celebrity), four people in the experimental group (non-celebrity), 
and three people in the control group.
 Experimental	group	(celebrity) 
 This group uses the intervention with celebrity facial images.
	 Experimental	group	(non-celebrity)
 This group uses the intervention with non-celebrity facial images.  
	 Control	group
 This group does not undergo cognitive training during the intervention period.
 The experiment was performed according to the flow shown in Fig. 2.  First, all subjects 
underwent the cognitive function tests described above.  Next, the subjects in the two 
experimental groups performed the image reconstruction puzzle through the training website 
on the experimental server.  Figure 3 shows an example of a puzzle on the training website.  
The intervention period was one month, and the subjects were asked to solve the puzzle four 
days a week.  They solved one puzzle per day.  The time limitation for one question was 1 min.  
Finally, after the intervention period, cognitive function tests were performed again.

Fig. 2. Experiment flow.
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2.3	 Experiment	results

 Table 1 shows the pre-intervention scores for each cognitive function test.  The post-
intervention scores are shown in Table 2.  The letters A to K in the tables represent the subject 
labels.  Since all subjects had the maximum MMSE score of 30 points, it was not possible to 
evaluate the increase in post-intervention score due to the ceiling effect.  Therefore, the MMSE 
is excluded in the following comparison between pre- and post-intervention scores.  From the 
results, individual differences can be observed depending on the test.  For example, subject A 
shows a relatively large difference for TMT-B.
 From Tables 1 and 2, we focus on the Matsui word memory test (immediate playback), 
since it shows a smaller individual difference than the other cognitive function tests.  Figure 4 
presents the scatter plot for the Matsui word memory test.  The horizontal axis is the pre-
intervention score and the vertical axis is the post-intervention score.  In the figure, the letters 
A to K indicate the subject labels, and points C and F and points I and J overlap.  Categorization 
by the subject groups can be recognized.

Fig. 3. Example of puzzle on training website.
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 Figures 5(a)–5(e) visualize the pre- and post-intervention average scores with the error bars 
for the three subject groups.  These figures correspond to the cognitive function tests in the 
following order: the Matsui word memory test (immediate playback), the Yamaguchi Kanji code 
conversion test, word recall, the Matsui word memory test (delayed playback), and TMT-B.  In 

Table 1 
Pre-intervention scores for each cognitive function test.

Experimental group 
(celebrity)

Experimental group 
(non-celebrity) Control group

Subjects A B C D E F G H I J K
MMSE (point)  30  30  30  30  30  30  30  30  30  30  30
Matsui word memory test 
(immediate playback) (point)  33  28  35  29  30  35  32  39  38  38  34

Yamaguchi Kanji code
 conversion test (point)  82  78  112  76  91  116  74  95  101  76  105

Word recall (point)  13  22  20  19  16  21  14  17  22  23  17
Matsui word memory test 
(delayed playback) (point)  10  7  9  6  9  10  8  10  10  10  10

TMT-B (s)  95.3  78.4  62.0  48.6  74.5  56.7  75.5  51.7  62.4  83.2  46.1

Table 2 
Post-intervention scores for each cognitive function test.

Experimental group 
(celebrity)

Experimental group 
(non-celebrity) Control group

Subjects A B C D E F G H I J K
Matsui word memory test 
(immediate playback) (point)  36  34  40  33  38  40  39  36  40  40  39

Yamaguchi Kanji code
 conversion test (point)  73  81  115  81  100  105  73  111  106  82  109

Word recall (point)  12  20  22  19  14  19  18  25  10  13  21
Matsui word memory test 
(delayed playback) (point)  10  8  10  9  9  10  10  9  10  10  10

TMT-B (s)  50.7  83.6  64.0  50.5  61.5  51.1  66.2  51.6  47.3  75.3  42.2

Fig. 4. (Color online) Relationship between pre- and post-intervention scores for Matsui word memory test.
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Fig. 5(a), two asterisks are used to show that the null hypothesis is rejected at the 1% level for 
the experimental group (celebrity).
 According to these cognitive function test results, the scores in the experimental groups 
were generally improved after the intervention compared with those in the control group for 

Fig. 5. (Color online) (a) Results of Matsui word memory test (immediate playback). (b) Results of Yamaguchi 
Kanji code conversion test. (c) Results of word recall. (d) Results of Matsui word memory test (delayed playback). (e) 
Results of TMT-B.

(a) (b)

(c) (d)

(e)
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the Matsui word memory test.  This means that the developed image reconstruction puzzle may 
have some effect on the memory function.  Nevertheless, only the Matsui word memory test 
(immediate playback) of the experimental group (celebrity) showed a significant difference at 
the significance level of 1%.  We analyzed the experiment log data and found that the subjects 
in the experimental group (non-celebrity) tended to abandon guessing whose face it was before 
the time limit of 1 min.  Because they realized that the facial image in the puzzle was unknown 
to them, the opportunity to use their memory function was lost.  Therefore, it is considered 
appropriate to use images of celebrities when using the puzzle for cognitive function training.  

3.	 Effectiveness	Verification	by	Brain	Activity	Measurement

 The cognitive function tests described in Sect. 2 need a somewhat long experimental period 
from the pre-intervention to the post-intervention.  In our case, it was almost one month.  On the 
other hand, it is possible to measure brain activity directly owing to the development of sensor 
technology.  
 To evaluate the effect of the image reconstruction puzzle, a direct brain activity measurement 
experiment is carried out by EEG, which is one of the most popular sensing methods to measure 
brain activity.

3.1 EEG

 In neurons of the human cerebral cortex, a faint current is generated by the transmission 
of information.  The potential change caused by this current is observed using an 
electroencephalogram electrode attached to the scalp.(8)  EEG waves are classified into δ, θ, α, 
and β waves according to their frequency band, as shown in Table 3.  
 δ waves appear during deep sleep and have the highest amplitude and the slowest waveform 
among the waves shown in Table 3.  θ waves are often observed during slumber, sleep, 
meditation, or concentration.  The appearance of excessive θ waves is also used to diagnose 
lesions.  α waves appear when the eyes are closed or when a person is mentally relaxed.  β waves 
appear in cases of mental excitement, agitation, or stress.  Generally, relative to the α waves, 
the lower-frequency δ and θ waves are called slow waves and the higher-frequency β waves are 
called fast waves.  In the following analysis, we focus on θ waves, because the brain activity 
derived from concentration is expected to appear while solving the facial image reconstruction 
puzzle.

Table 3
EEG classification.
Name Frequency band [Hz]
δ wave 1–4
θ wave 4–8
α wave 8–13
β wave 13–30
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3.2	 EEG	measurement	experiment	settings

 An EEG measurement experiment was carried out with two student subjects in their 
twenties (subjects A and B).  The purpose of this experiment is to evaluate the brain activity 
while the subject tries to solve the image reconstruction puzzle through a visual stimulus.  The 
equipment used in the experiment is shown in Table 4.  Figure 6 shows a schematic diagram of 
the experimental environment.  
 During the experiment, the subject was asked to sit in front of a monitor on which the visual 
stimulus was presented, while the experimenter sat in front of a PC in a neighboring room, 
recording the experimental data from the EEG set.  The subject room was shielded for EEG 
measurement and the subject was asked to wear an EEG cap as shown in Fig. 6.  These two 
rooms are connected by a door, but the door was closed during the experiment.  The size of the 
monitor for the subject was 60.0 × 33.6 cm2 (27-inch type) and its resolution was 1920 × 1080.  
Since the visual stimulus was displayed with a size of 600 × 600, the subject was asked to keep 
sitting at a distance of about 50 cm from the display.
 The visual stimuli of the puzzle were presented to the subjects with their eyes open through 
the monitor.  Electrodes were attached to the subjects’ head using the EEG cap, and the 
electroencephalogram was monitored and recorded using an electroencephalograph.  Figure 7 
shows the locations where the electrodes were applied, which were in accordance with the 

Table 4
Equipment used in experiment.
Equipment name Manufacturer Product name
Electroencephalograph Nihon Kohden EEG-1100
EEG cap Nihon Kouden Electro-Cap
Notebook PC VAIO VAIO Z/Z13B1
Monitor IO DATA LCD-MF276XDB

Fig. 6. (Color online) Schematic of experimental environment.
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International 10-20 system, and reference electrodes were applied to both earlobes (A1, A2).  
The sampling frequency of EEG was set to 1000 Hz.
 As visual stimuli, we used images of people whom subjects might know, such as politicians, 
athletes, and entertainers, and images of historical buildings such as temples and shrines.  The 
image categories of the visual stimuli are as follows.
• Facial images: 2 images
• Image reconstruction puzzle of facial images divided into 3 × 3: 3 images
• Image reconstruction puzzle of facial images divided into 5 × 5: 3 images
• Building images: 2 images
 Among these image categories, two facial images and two building images were used in 
the normal form without division as visual stimuli.  Figure 8 shows the experimental protocol 
regarding where and how the visual stimuli were presented to the subject sequentially.  In 
this experimental protocol, after a visual stimulus was randomly selected and presented for 
30 s, the subject took a rest for 1 min.  During the 1 min rest, the subject gave the name of the 
person or building in the presented image.  The combination of the visual stimulus (image) 
presentation and the rest forms one experimental set.  As shown in Fig. 8, ten experimental sets 
were sequentially repeated in each experiment, and a different image was presented in each 
experimental set.

3.3	 Experimental	results

 From the collected experimental results, the data over the first 3 s were extracted from the 
30 s period of visual stimulus presentation, because it was assumed that the subject tried to 
identify the stimulus more intensively in the initial presentation period.  The data over the first 
3 s were analyzed to evaluate brain activity by the “band power content rate” method, which 
corresponds to the content rate of each frequency band in the target EEG data.  

Fig. 7. (Color online) Electrode attachment positions.
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 As fundamental processing, the whole frequency band was set to 0.2–30 Hz, and the power 
contents of θ, α, and β waves in the whole frequency band were calculated.  Namely, after a 
fourth-order Butterworth filter with a passband of 0.2–30 Hz was applied to the EEG data, the 
frequency spectrum was calculated using the fast Fourier transform (FFT).  As a result, the 
power spectrum for each frequency (Hz) was obtained.  
 Then, the power spectra were summed for the α, β, and θ wave frequency bands, and the 
total power spectrum was obtained by adding all the wave power spectra.  Each band power 
content rate was calculated by dividing each wave’s power spectrum by the total power 
spectrum.
 It has been reported that the occurrence of θ waves in the frontal lobe is caused by the 
activation of attention and concentration functions.(9)  Kawasaki et al. pointed out that visual 
working memory is related to the θ waves in the frontal lobe,(10) and Swaiman et al. reported 
that θ waves commonly encountered in the frontocentral regions are related to heightened 
emotional states.(11)  Therefore, we focus on the relationship between θ waves and puzzle effects 
rather than α and β waves.
 To evaluate the puzzle effects, we need to determine the baseline.  Among the four image 
categories, the facial image category is selected as the baseline data because the subjects simply 
watch the image without solving a puzzle.  For each image category, the difference in power 
content rate from the baseline power content rate is calculated for each electrode.  Finally, the 
relative change is obtained by dividing the difference by the baseline power content rate.  In 
other words, despite increases or decreases for other frequency bands, the relative change of 
the θ wave can be calculated for each electrode of each image category with the facial image 
category as the baseline.  
 Figures 9(a)–9(c) show the relative changes of the θ wave for the different image categories 
for subject A.  These figures show the results for the 3 × 3 and 5 × 5 image reconstruction 
puzzle categories, and the building image category, respectively.  Figures 10(a)–10(c) show the 
same results for subject B.
 From Figs. 9(a)–9(c) and 10(a)–10(c), we observe an increase in the relative change of the θ 
wave in the frontal region, namely, Fp1 to F8.  Therefore, the electrodes between Fp1 and F8 are 
categorized as the frontal electrode group, and the other electrodes are categorized as the other 
electrode group.  Table 5 shows the relative changes of the two subjects averaged for the two 
groups for the image categories.  
 As shown in Table 5, the relative change of the θ wave increased for both the 3 × 3 and 
5 × 5 image reconstruction puzzle categories compared with the baseline facial image category.  
Therefore, the facial image reconstruction puzzle can be effective because of θ wave activation.

Fig. 8. Experimental protocol.



3578 Sensors and Materials, Vol. 32, No. 11 (2020)

Fig. 9. (Color online) (a) Relative change of θ wave (3 × 3 image reconstruction puzzle). (b) Relative change of θ 
wave (5 × 5 image reconstruction puzzle). (c) Relative change of θ wave (building image).

(a) (b)

(c)

Fig. 10. (Color online) (a) Relative change of θ wave (3 × 3 image reconstruction puzzle). (b) Relative change of θ 
wave (5 × 5 image reconstruction puzzle). (c) Relative change of θ wave (building image).

(a) (b)

(c)
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 Simultaneously, an increase in the relative change of the θ wave was observed in the building 
image category.  One reason for this is that the building images include a temple and a shrine, 
which have a difference greater than that between two normal facial images.  However, this 
tendency is weaker for subject B, since the relative changes of the θ wave were 123.09, 108.10, 
and 39.02% for the 3 × 3 and 5 × 5 image reconstruction puzzle categories and the building 
image category, respectively.  Because of such individual differences, more experiments are 
needed to clarify individual differences of θ wave activity.  

4.	 Conclusion

 Two experiments were performed to evaluate the activation of brain activity by the image 
reconstruction puzzle used in the cognitive training application, which was developed to cope 
with an increased number of dementia patients and a shortage of caregivers.  
 The first experiment used cognitive function tests.  The pre- and post-intervention scores 
of the cognitive training tests for the subjects were compared, and a significant difference was 
verified by performing a memory test on a group of subjects, where celebrity images were used 
in the image reconstruction puzzle.  Thus, the developed image reconstruction puzzle has some 
positive effect on improving the memory function.
 The second experiment evaluated brain activity by using EEG sensing technology.  The 
band power content of EEG and the relative change of the θ wave while solving the image 
reconstruction puzzle were calculated.  As a result, an increase in the relative change of the 
θ wave in the frontal electrode group was observed.  Since such an increase is related to the 
attention function, concentration function, and visual working memory, it can be concluded that 
solving the image reconstruction puzzle works effectively as cognitive training.
 There are two future tasks.  The first is to increase the number of subjects in the EEG 
measurement experiment.  It is necessary to confirm the reproducibility of many subjects, such 
as the fact that the increase in the relative change of the θ wave in the frontal electrode group 
also occurs for the building images, and the relationship between the difficulty and the increase 
rate of the θ wave.
 The other task is to conduct cognitive function tests on elderly people.  In experiments on 
young people, cognitive function test scores tend to be biased toward high scores.  Therefore, it 
is necessary to conduct an experiment to evaluate the effect of the application on the cognitive 
function of the elderly.

Table 5
Averaged relative changes of two subjects for two electrode groups for image categories.

Frontal electrode group Other electrode group 
3 × 3 image reconstruction puzzle  195.15%  1.99%
5 × 5 image reconstruction puzzle  472.60%  19.49%
Building image  242.27%  −11.89%



3580 Sensors and Materials, Vol. 32, No. 11 (2020)

Acknowledgments

 The authors would like to thank Professor Junichi Hori and Associate Professor Takashi 
Imamura of the Faculty of Engineering, Niigata University, for providing various guidance and 
advice regarding this research.

References

 1 T. Ninomiya: A study on the future estimation of the elderly population with dementia in Japan, Ministry of 
Health, Labor and Welfare, https://mhlw-grants.niph.go.jp/niph/search/NIDD00.do?resrchNum=201405037A 
(accessed 6 March 2020).

 2 Ministry of Health, Labor and Welfare: Regarding the required number of care workers based on the 
7th Nursing Care Insurance Business Plan, https://www.mhlw.go.jp/le/04-Houdouhappyou-12004000-
Shakaiengokyoku-Shakai-Fukushikibanka/0000207318.pdf (accessed 29 January 2020). 

 3 R. Naqvi, D. Liberman, J. Rosenberg, J. Alston, and S. Straus: Can. Med. Assoc. J. 85 (2013) 881.
 4 T. Kawagoe, M. Matsushita, M. Hashimoto, M. Ikeda, and K. Sekiyama: Sci. Rep. 7 (2017) 1. https://doi.

org/10.1038/s41598-017-14585-5
 5 S. Iwata and T. Yamazaki: Proc. 2018 IEICE Fundamental and Boundary Society / NOLTA Society Conf. 

Fundamental and Boundary / NOLTA 166.
 6 R. Nouchi, Y. Taki, H. Takeuchi, H. Hashizume, Y. Akitsuki, Y. Shigemune, A. Sekiguchi, Y. Kotozaki, T. 

Tsukiura, Y. Yomogida, and R. Kawashima: PLoS One 7 (2013) 1. https://doi.org/10.1371/journal.pone.0055518
 7 Ministry of Health, Labor and Welfare: About the Care Prevention Manual (Revised: March 2012), https://

www.mhlw.go.jp/topics/2009/05/tp0501-1.html (accessed 11 February 2020).
 8 National Institute of Advanced Industrial Science and Technology: Human Welfare and Medical Engineering 

Research Division, Human Measurement Handbook (2003) 231–236.
 9 T. Tsujimoto, H. Shimazu, and Y. Isomura: J. Neurophysiol. 95 (2006) 2987. https://doi.org/10.1152/

jn.00730.2005
 10 M. Kawasaki, K. Kitajo, and Y. Yamaguchi: Proc. Japan Ergonomics Society Conf. (2009) 352–353.
 11 K. Swaiman, S. Ashwal, D. Ferriero, N. Schor, R. Finkel, A. Gropman, P. Pearl, and M. Shevell: Swaiman s̓ 

Pediatric Neurology: Principles and Practice (Elsevier, Singapore, 2017).

About	the	Authors

 Shu Iwata received his B.E. degree from Niigata University, Japan, in 2018 
and his M.E. degree from Niigata University in 2020.  His research interests 
are in image processing, human cognitive function analysis, and elderly care.

	 Tatsuya	Yamazaki received his B.E., M.E., and Ph.D. degrees in information 
engineering from Niigata University, Japan, in 1987, 1989, and 2002, 
respectively.  From 1989 to 2013, he was a researcher at the National Institute 
of Information and Communications Technology (formerly Communications 
Research Laboratory), Japan.  Since 2013, he has been a professor at Niigata 
University.  He is also the head of the Big Data Activation Research Center in 
Niigata University.  His research interests are in sensing technologies, image 
processing, data engineering, machine learning, and pattern recognition.  
(yamazaki.tatsuya@ie.niigata-u.ac.jp)

https://mhlw-grants.niph.go.jp/niph/search/NIDD00.do?resrchNum=201405037A
https://www.mhlw.go.jp/le/04-Houdouhappyou-12004000-Shakaiengokyoku-Shakai-Fukushikibanka/0000207318.pdf
https://www.mhlw.go.jp/le/04-Houdouhappyou-12004000-Shakaiengokyoku-Shakai-Fukushikibanka/0000207318.pdf
https://doi.org/10.1038/s41598-017-14585-5
https://doi.org/10.1038/s41598-017-14585-5
https://doi.org/10.1371/journal.pone.0055518
https://www.mhlw.go.jp/topics/2009/05/tp0501-1.html
https://www.mhlw.go.jp/topics/2009/05/tp0501-1.html
https://doi.org/10.1152/jn.00730.2005
https://doi.org/10.1152/jn.00730.2005

