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Abstract

Background: Although the Montreal Cognitive Assessment
(MoCA) is acknowledged as a promising neuropsychological
tool, its normative data for older populations have not been
established yet. The purpose of this study was to provide
normative data for the MoCA in Japanese community-dwell-
ing older people. Methods: In a Japanese town, 1,977 par-
ticipants aged 65 years or older (mean age 73.6 years; male
41.3%) completed MoCA tests. After descriptive and regres-
sion analyses, normative data were developed for MoCA
scores in the population. Results: The mean MoCA score ob-
served (21.8 points) was lower than that for normal controls
(27.4 points) in the original validation study of the MoCA. Ad-
ditionally, 82.6% of MoCA scores fell below the standard cut-
off of 26 points for detecting mild cognitive impairment
(MCI). The regression analysis showed that higher age and
fewer years of formal education were associated with lower
MoCA scores (p < 0.001). Normative data for MoCA scores
were presented with respect to age and education. Conclu-
sion: This study provided normative data for the MoCAin a

Japanese community-dwelling older population. This re-
search also suggests that conventional use of the MoCA as a
screening tool for MCl might be problematic in cultures dif-
ferent from that in which the cutoff was developed.

Copyright © 2012 S. Karger AG, Basel

Introduction

Mild cognitive impairment (MCI) represents an inter-
mediate clinical state between normal cognitive aging
and Alzheimer’s disease or other types of dementia [1].
Although it is not always the case, MCI has been reported
to often develop into either Alzheimer’s disease or other
forms of dementia and, therefore, recognized as a high-
risk state for dementia development [2]. In recent discus-
sions, community-based screening of MCI is considered
one of the crucial steps to enable wide-reaching interven-
tions for preventing or slowing the onset of dementia [3].

Montreal Cognitive Assessment (MoCA) is a brief
neuropsychological tool designed for screening MCI in
community health care [4] and is acknowledged as a
promising instrument worldwide [5-7]. Given the need
for ethnic-specific versions of neuropsychological tests
[8, 9], 38 versions of the MoCA are currently developed
in 31 languages (www.mocatest.org). MoCA has also
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been reported to have higher sensitivity to a subtle cogni-
tive decline than conventional tools such as the Mini-
Mental State Examination [4, 10, 11]. To date, two cohort
studies reported normative MoCA data in population-
based samples including a multiethnic US population
[12] and a Portuguese population [13]. Both studies, how-
ever, were conducted with subjects of a wide age range,
and thus, the sample sizes were scarce for the older age
groups.

Because older people are the primary subjects of MCI
screening and subsequent interventions, their scoring
characteristics on the MoCA should be examined and
demonstrated with a larger sample size. This is an urgent
matter, especially for a Japanese society undergoing the
world’s fastest aging with the highest life expectancy.
Therefore, the aim of the present study was to provide
normative MoCA data specific to community-dwelling
older people in a Japanese town.

Materials and Methods

Participants

The present study involved analysis of data from the baseline
phase of the Sasaguri Genkimon Study (SGS) conducted from
May to August 2011. The SGS is an ongoing community-based
prospective cohort study in a Japanese local town, Sasaguri, aim-
ing to explore modifiable lifestyle factors causing older people to
require nursing care. Subjects of the baseline study (SGS-1) were
all residents of the town who were aged 65 years or older and not
certified as individuals requiring nursing care by the town in Jan-
uary 2011 (n = 4,979). Sixty-six subjects were excluded due to be-
ing dead or moving out by the onset of the study. A set of study
information sheets and a questionnaire were mailed to all remain-
ing subjects (n = 4,913), and 2,629 individuals, hereafter referred
to as the participants of the SGS-1, responded to the mail by (1)
visiting a community center to submit the questionnaire and un-
dergo multiple physical and cognitive tests in one of 31 group-
testing sessions of the SGS-1, (2) contacting study coordinators to
set up an appointment for an individual home-testing session or
(3) visiting the city office to submit the questionnaire (recruit-
ment rate: 53.5%). Of these, 2,129 individuals took part in the
MoCA tests. After the testing, we excluded 32 individuals who
were unable to complete the MoCA properly, 12 individuals with
missing information about their years of formal education, and
108 individuals with self-reported medical histories of stroke, de-
pression, Parkinson’s disease and dementia. Accordingly, data
from 1,977 participants (75.2% of the total participants of the
SGS-1) were involved in the present study.

Standard Protocol Approvals, Registrations and Patient

Consents

All the participants provided written informed consent to par-
ticipate in the present study. The study protocol and the informed
consent form were approved by the Institutional Review Board of
the Institute of Health Science, Kyushu University.

24 Neuroepidemiology 2013;40:23-29

Measurements

We used the Japanese version of the MoCA for all measure-
ments. The details of the Japanese version are described elsewhere
[5]. Briefly, it was developed and validated by investigators, in-
cluding the inventor of the original MoCA (Dr. Nasreddine). As
in the original one [4], the Japanese version of the MoCA was de-
signed as a 30-point screening instrument administered in about
10 min and consists of the following 12 cognitive tasks: a five-item
delayed recall task (5 points), a clock-drawing task (3 points), a
cube-copying task (I point), a trail-making task (1 point), a pho-
nemic fluency task (1 point), a two-item verbal abstraction task (2
points), a target-tapping task (1 point), a serial subtraction task (3
points), a two-item digits-reading task (2 points), a three-item
naming task (3 points), a two-item sentence-repeating task (2
points) and a six-item temporal and locational orientation task (6
points). In the standard procedure of the original as well as the
Japanese versions, 1 point is added to the total score of the cogni-
tive tasks if an individual has 12 years or fewer of formal educa-
tion, and a final total score falling below 26 points is judged to
have probable MCI.

Procedures

All MoCA tests were administered to the participants by
trained personnel as part of the group-testing and home-testing
sessions of the SGS-1. After the testing, MoCA scores were inde-
pendently evaluated by two authors (K.N. and T.H.) and double-
checked between the two before being finally determined. The
interevaluator reliability, shown as a percentage of agreement in
the MoCA scores, was 93.3% in the initial evaluation. To demon-
strate normative data in participants with a wide range of years of
formal education, the preferred 1-point correction for education
was not adopted.

Statistical Analyses

All statistical analyses were conducted using SAS version 9.2
(SAS Institute Inc., Cary, N.C., USA). The Wilcoxon rank-sum
test and the x? test were conducted to compare age and sex, re-
spectively, between the participants of the present study and the
rest of the subjects (n = 2,936). The Wilcoxon rank-sum test was
also performed to assess the difference in years of formal educa-
tion between the participants of the present study and the rest of
the participants of the SGS-1 answering educational history in
the questionnaire (n = 608). Descriptive statistics were calculated
for MoCA scores and for scores of respective cognitive tasks. A
multiple regression analysis was performed with the MoCA score
as a dependent variable and age, sex and years of formal educa-
tion as independent variables. Additionally, to visualize changes
in MoCA scores, simple regression analyses were conducted be-
tween the MoCA score and age in three education levels (<9,
10-12, and =13 years of formal education). Subsequently, nor-
mative data for MoCA scores in the community-dwelling older
population were developed with respect to age and education.
Overlapping age categories of 65-75, 70-80, 75-85, and =80
years, accompanied by the aforementioned three education lev-
els, were adopted in the normative data based on the rationale
previously described for practical use of the normative data in
community health care [12, 14]. A significance level was set at
two-sided o = 0.05.
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Delayed recall Clock drawing Cube copying
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Fig. 1. Histograms of scores for respective cognitive tasks in MoCA. Each panel shows a histogram for one of
the 16 cognitive tasks in the MoCA. Horizontal and longitudinal axes of each panel indicate points scored and
frequency count for each point, respectively.
Results age of the participants was 73.6 years (standard deviation,

The participants of the present study differed from the
rest of the subjects in terms of sex (percentage of males,
41.3vs. 45.3%; p = 0.008), but not in terms of age (median,
72 years for both groups; interquartile range, 68-78 years
for both groups; p = 0.860). Also, the number of years of
formal education was not different between the partici-
pants of the present study and the rest of the participants
of the SGS-1 answering educational history in the ques-
tionnaire (median, 12 years for both groups; interquartile
range, 9-12 years for both groups; p = 0.216). The mean

Normative Data for the MoCA in Older
Population

SD, 6.2; median, 72; range, 65-96) and the number of
years of formal education was 11.0 years (SD, 2.5; median,
12; range, 2-23); 41.3% of the participants were male (n =
817). The mean MoCA score was 21.8 points (SD, 3.9; me-
dian, 22; range, 5-30), with 82.6% of scores falling below
the preferred cutoff of 26 points for probable MCI. Histo-
grams with scores of the respective cognitive tasks are
summarized in figure 1.

In the multiple regression analysis, significant asso-
ciations with the MoCA score were found for age (regres-
sion coefficient, —0.21; 95% confidence interval, CI, -0.23
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Fig. 2. Regression lines between age and MoCA scores in three
education levels. EDU denotes years of formal education. Inter-
cepts (at 65 years) and slopes for respective regression lines are as
follows: 24.73 and -0.17 in 13 < EDU; 24.30 and -0.22in 10 <
EDU = 12;22.66 and -0.25 in EDU =<9.

Table 1. Normative data for MoCA scores

Education level Total
<9 years 10-12years =13 years byage
Age category
65-75years 371 659 248 1,278
21.4%3.7 233Xx31 240x30 229%34
22(9-29) 23(14-30) 24(13-30) 23(9-30)
70-80 years 406 471 157 1,034
20.2%3.8 221*x34 232Xx30 21.6%37
20(6-29) 22(12-30) 23(13-29) 22(6-30)
75-85years 327 320 83 730
19.2%£40 213*34 226%x31 20.5%3.9
19 (5-28) 21(12-29) 23(16-29) 21(5-29)
280 years 161 170 35 366
18.0*X4.4 205*35 221%40 19.6 4.2
19 (5-28) 21(8-29) 23(12-29) 20(5-29)
Total by 692 964 321 1,977
education 20.1%x4.1 225%£34 23.6%*32  21.8%39
20 (5-29) 23(8-30) 24(12-30) 22(5-30)

Data are expressed as number, mean * SD and median (with
range in parentheses).

26 Neuroepidemiology 2013;40:23-29

to —0.18; p<0.001) and education (regression coefficient,
0.42; 95% CI, 0.36-0.49; p < 0.001) but not for sex (regres-
sion coefficient, 0.21; 95% CI, -0.10 to 0.52; p = 0.186).
Figure 2 demonstrates the results of the simple regression
analyses showing significant associations between the
MoCA score and age in all three education levels (p <
0.001). Specifically, higher age was associated with lower
MoCA scores in all the education levels. Finally, norma-

- tive data for MoCA, specific to the community-dwelling

older people, were determined with respect to the four
age categories and three education levels (table 1).

Discussion

Population-based screening for MCI is recognized as a
key step in establishing sound wide-reaching intervention
programs for preventing or delaying older people from
developing dementia [3]. Although the MoCA has great
promise as a screening tool for MCI, knowledge regarding
its scoring characteristics in population-based older sam-
ples has still been limited. To our knowledge, the present
study was the first to demonstrate normative MoCA data
specific to community-dwelling older people not only in
Japanese society but worldwide. Reflecting the world’s
highest population aging rate in Japan, the normative data
were formed with a relatively high proportion of old-old
and oldest-old samples (table 1), which should be informa-
tive for other societies besides Japan. The present study
also examined the associations of socio-demographic fac-
tors, including age, sex and years of formal education with
MoCA scores in the older population.

In an attempt to develop normative data reflecting
cognitively normal samples, we excluded individuals
from the present analyses if they self-reported medical
history of diseases contributing to or reflecting the devel-
opment of clinical cognitive decline [2, 10, 15, 16]. There
exists an argument that normative values should be rep-
resentative and, therefore, should be developed from
samples including both cognitively normal and abnormal
individuals [17]. However, we made the exclusion based
on the promise that the sensitivity of screening or detect-
ing cognitively impaired individuals can be enhanced by
comparing a patient’s score to that of a reference group
free of any clinical cognitive decline [18]. The exclusion
of individuals requiring nursing care in the subject selec-
tion process may also be conducive to enhancing the sen-
sitivity.

The mean MoCA score of 21.8 points observed in the
present study was lower than that for the normal controls

Narazaki/Nofuji/Honda/Matsuo/
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(n = 90; mean, 27.4 points; SD, 2.2) and was indeed close
to that for the patients with MCI (n = 94; mean, 22.1
points; SD, 3.1) in the original normative study performed
by the development group of the MoCA [4]. These trends
were unchanged even after the preferred 1-point correc-
tion of MoCA scores for formal education (mean, 22.7
points; SD, 3.8). Furthermore, more than three quarters
of the scores (82.6% without the correction or 75.1% with
the correction) fell below the preferred cutoff of 26 points
for detecting MCI while the reported prevalence of MCI
in older populations ranges from 15 to below 30% [19-23].
This percentage is still high even considering the poten-
tial inclusion of patients with undiagnosed dementia. Be-
cause multiple population-based studies have also ob-
served MoCA scores comparable to the present one [12,
13, 24], this discrepancy may not be attributed to some
administrative issues in the present study but to a low ex-
ternal validity of the cutoff score due to the limited num-
ber of samples and/or possible selection bias for the non-
population-based samples in the original study [4]. Other
possible causes of the discrepancy are some cultural and
linguistic artifacts occurring in the translation process of
the original MoCA into the Japanese version [8, 18]. Al-
though the cross-cultural and cross-linguistic adapta-
tions appear to be taken into account during the develop-
ment process of the Japanese version [5], the validity of
the adaptations was examined with a limited number of
clinical-based subjects and, therefore, the possibility of
cultural and linguistic artifacts in population-based use
cannot be ruled out.

As observed in previous population-based studies
with subjects in a wide age range [12, 13], the present re-
sults show significant associations of age and education
with the MoCA scores in older samples. Specifically,
MoCA scores were lower in participants with higher age
and/or fewer years of formal education. In contrast, no
association was found between sex and the MoCA score.
The effects of age and education have been well docu-
mented for neuropsychological tests in population-based
studies and have been taken into account with age- and
education-specific norms when the obtained scores have
been evaluated [17, 18]. Because both age and education
are now recognized as risk factors of cognitive decline
[25, 26] rather than just biasing factors of the tests, it can
be misleading and problematic to count the effects by ad-
justing an obtained score for these variables and evaluate
the adjusted score using a single cutoff [17, 27]. In the light
of this discussion, the current MoCA procedure, com-
prising a 1-point adjustment for 12 or fewer years of for-
mal education and a subsequent evaluation with a single

Normative Data for the MoCA in Older
Population

cutoff of 25/26, may not be the best for screening MCI in
population-based samples.

Taken together, it is considered reasonable to assume
that the current MoCA procedure is somewhat prema-
ture for MCI screening in community-dwelling older
people. However, because we didn’t employ a clinical di-
agnosis of MCI in the research design, the present study
is unable to further propose any alternative criteria for
population-based MCI screening. Instead, at this stage,
the normative data demonstrated in the present study
can allow clinicians and researchers to detect individu-
als with abnormal cognitive decline from the communi-
ty-dwelling older samples while taking into account the
influence of age and education. For example, ifa 75-year-
old patient with 9 years of formal education scored 12
points on the MoCA test, his or her personal physician
can appreciate that the score was lower than the mean
minus 2 X SD [i.e. 20.2 - (2 X 3.8) = 12.6] for the age-
and education-matched normal group and can suspect
the patient’s clinical cognitive decline. Similarly, the
normative data may be useful for professionals when
monitoring subtle cognitive change within a patient in
longitudinal observations. It should be noted here that
the definition of normal or abnormal needs to be care-
fully made in practical use, depending on the context
and circumstances in which the MoCA test is adminis-
tered.

Our report has some limitations which are worth not-
ing here. First, the sample of the present study was af-
fected to some extent by the nonresponse, withdrawal
and exclusion of originally designated subjects. Specifi-
cally, the participants of the present study differed from
the rest of the subjects in terms of sex distribution. How-
ever, we believe the influence of this discrepancy on the
present results was not considerable because the regres-
sion analysis showed no association between sex and the
MoCA score. Second, because the present study was per-
formed in a single Japanese town, generalizability of the
results is somewhat limited. Nevertheless, the present
normative data can be considered applicable to other
places in Japan because ethnicity and educational system
are almost homogeneous across Japan. Finally, in the nor-
mative data, some strata were formed with relatively
small numbers of samples and, thus, are probably less re-
liable in terms of age-education relationships.

Associations of MoCA scores with other socio-demo-
graphic factors, such as ethnicity, culture, language, fi-
nancial security and family configuration, remain to be
explored by future investigations in order to generalize
the findings of this research. Obtaining these types of re-
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search findings might be essential before establishing the
cutoff for population-based MCI screening. In parallel
with exploring the future use of the MoCA as a popula-
tion-based MCI screening tool, we are going to follow the
present participants in prospective observations of the
SGS to determine the ability of the test to predict the fu-
ture onset of dementia in the community-dwelling older
population.

Conclusion

In summary, the present research reported normative
data for MoCA scores derived from a relatively large-
scale community-dwelling older population in Japan and
proposed practical applications of the normative data in
community health care. This research also suggests that

conventional use of the MoCA as a screening tool for MCI
might be problematic in cultures different from that in
which the cutoff was developed.
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DGHQ 227 %13 U, VOumax, PIIBIENG S,
HENRIG 35 & OSfabiIN R B O R E A4y
Bl )\éﬁv) 72 (FD. F7- FHFECEBIT S MS
WHLOHE AL AR OH 1/3 £, GHQ I &
Db HE Lk%“ﬁ&%ﬁtt.Oi . Rl
BEREDLLEHE DK E o T2 RETHHT R Z i ARD UL

ARED BT ﬁm(ﬂQZj7®Qﬂmk$
PERRIG O 2L & O I VO.max,  WIBIRI 0%
ﬁi@ﬁ@ﬂ%%h&?%%Lt%f%ﬁﬁ&%
WMEPES SN, TNAGHQ AEREEICEBIT A
MS HESR oW FIZ sz b o L fEE S
7.

B, BERBH ORI OELITRENE
BHERIFTLTOAREELGETE t;wf_af), in
ANHTD MS OF WA A ORI R E
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X1 DHREPLEHERECR D U 2BICHBIT DN ARROBR_HEOZEL
BIERE GHQ R B3t GHQIEE8¥
BIEIEE n=55 (B|IE=35. Lit=20) n=11 (BlE=6 ZiE=5) | n=44 (Bit=20 LE=15) | ,
Al #® H #® 1] #®

Fin (7% 522+186 5+39 528+18
BMI (kg/m®) 253407 = 243%05 258+20 239412 251+07 244+05
TIARE (em) 88.8+15 853+ 11 907 %39 84.0+29 883416 85712
VO.max (mL/kg/min) 322+09 34.5%0.8 304+ 21 359+20 326+09 + 341+08 !
ARERERRERE (cm) 1612+7.4 = 1403%67 181.6 L2256 = 12442134 | 1560+£72 = 1444477 !
FFHERRER (cm) 1795+ 163 1651+ 125 | 199041+ 489 17922342 | 1745+ 155 16151+ 13.2
ERRHEmAE (mg/dL) 1335+ 4.6 1274240 | 1366142 123.8£ 105 | 1328+ 4.7 128.24 4.3
MRS A AU (pUimL) 68106 58206 71221 50%+08 68+06 6.0£07
HbAle (%) 63402 61102 6.5+04 6.3+05 83+02 61102
BILAFO—U (mg/dl) | 2214+56 2211+46 | 2113%£79 2013274 | 2240%867 226052
HEERERS (mg/dL) 1408 +£12.8 133545113 1591342 1282+£388 | 1362%+137 13494106 | !
HOL- 2050l {mg/dl) | 507 £17 5631+ 1.9 486+ 4.8 555+ 4.4 512+ 18 565121
IRFERAIFE (mmHg) 1283423 1291+23 | 1262156 1240+53 | 1290+26 1302+26
WERRAGIE (mmHg) 80315 8034 156 81.0+39 76839 80.1£ 1.6 81116
TBIREFDEREL (&) 23%0.1 21x0.1 25403 16403 23+02 22%02
MS HIHZE (%) 49 45 l 67 22 45 50 1
BIFFHLSETRR. "NARRODERE (p<0.05). TARBOZELICHITOEEEEEE (0<0.08), "RX—=2AS54/(IBIFD GHQ

TEEEERHOEEE (p<0.05)
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RoAltERE. 5 DIEH EERMERERET
(BDNF)~E&zRD 5~

CEBRVLwITH

FUNARESEERE AMNARErVINRSAT - BEZEEYS— BESR=

iE 3B EF (neurotrophin) & (X MFMAL DFEA - B
- BAZRESEIMEOBIKETHY., nE
TIHEA RFRBERFOVPRE SN TS, MERERT L
L TEMICER I NI OEMER KK F (nerve growth
factor; NGF; 1951) T& Y (£ R.2& D Levi-Montalchini 5 iZ
19864E12 ) — N VEZEHERE ZZH) . R\ T19824F
IINGFLEZF DB TED & L TRERMERERF
(brain-derived neurotrophic factor; BDNF)2S7 ¥ @ %>
HEEE, B#E X7, BDNFIZ., 4F&13.5kD, 73/
BIIOE L Y 250wy Y82 BETHY., FT2EHK
(homodimer) & L THAEL T 5,

Z OBDNFid, #ECRIER EORAERE. HEim
ABE BEREFLECBVWTLEELRBEX2TA5WS

LU BTHELEE), HE, ZOBDNFOFEHENY

| B2

DRFIRT N INA T —FREEOR(EL LTHESE. K
BEE) TR L TWA ZEDPHERIRTVE, —7F,
BWERIC L ) BB MM OBDNFEEMES 5L &3
2. FEREBLEONRN T+ —T VAR WEXTLIL

DMEINTWASY, /2. BDNFEZREND L WIZE
TRBEEMIZESTAZEIZLY ., KEMNOIEH, H#
RBOYUZBDIFRE I T LY,

BDNFIZH R MRRICE CFEL TV A, Mgz
bHEET A%, MHEBDNFIZIE, M/MENICER SN T
WAL EMERICT7) —DIRETEETLLOD 2
EHH Y, MFEBDNFIZME . MABDNFIZHEE DA

(Lu: Learn Mem., 10, 86-38, 2003)

BEID I hO—)U

(Duman: Biol Psychiatry., 44, 324-335,1998)
> | BRI

(Lebrun et al.: Auton Neurosci. 126-127, 30-38, 2006)

(Nakagawa et al.: Diabetes Metab Res Rev.
18,185-191, 2002)

E1 BDNFOEE

I FOUEsmER] voL No.4 s 200

ERLTWAEEZEZLNTWS, MMEWIZEZ bNT
v ABDNFIE, M/MROEELREEOBRE TR S
5%, M/MEPHZIRIF D90% L EDOBDNERE 2 b
TWABY, MR TOMRNARIH L RVIZKETH 5 2
EXD, MOEMS SBONFEBTWELEEZONS,
BDNFIZ B # A5 AR BR, mEnEME. X
Ik, BHE. BETIR. UREE. LR, M. BB BIOURE
ML EORMERPP L OB TAERENTEY, @
IR OBDNFIZEZ 5 6% < Ol - HikiCH
F§ 5, F72. BDNFIZ M7 MES S (blood brain barrier)
AEBTLEVIME DD, MO MABDNFOH Sk
D—DEEZ bbb,

EWL72& 912, BDNF2SS 72 5378 4« O EBERIZ.
BREERLEHOMREEREDEULTHE I Eh b,
BERES A BDNFREEITERRT Z LX), RBAESR
IO S HITIIHERHE P HE IR IR O FE TP e E
WEBLYAZ E2REBLTWA, LLTIZ, BDNFEEE
KRR R L O oERICE L CEBRI R 50 TR
T 5,

BDNFiZ.

REEROBHTE LTHLN TV BB
RBREFELTBYY, ZOERNLEEH,SIFER
ERICHEL TV EE 2 5T &%, MIAOBDNF%
RPFER <Y AZHAHF0THBHBDNFAT T/ v

77T RRIATIE, FERAVE S I L OKRERRE
(ZEFREANC BT A RLIEF R O FHEERAE) 12 & o THE
AEINTVEY, KARBFEEE . 7= VITEEST &
LTKETICREN-REZEE, Iy MERT L. RITE
BAEERL D BIABOREN R FE») 2 b LR
ez, BCREHETLZEIICRDENIBOT
HBH TOKREREORME & #BE B 5BDNFm-
RNAZHE L OMICEOMHBERI#TE SN TR,
¥ 7. BDNFHifk% BEEMN %5 L. BDNF-TrkBY 7
FVEERBERELT AT, DECEERELR
CTEDMRENTVWEY, TNLOBREN, S, HEHE
BOBDNFIZEEREBICBWTEERRE R R LT
WhHEEZEZLNT A,
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