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Effects of Multimodal Exercise on Cognitive

Function, Neurotrophic Factors, and Whole

Brain Volume in MCI Elderly

FEiE "2, mkR T, BERS, WOE, Rt
YIN Ligin"'?, TANG Changfa®, LUO Weigiang’, TAO Xia’, LI Fanling®

W OE: B Kk S EKXE R E A iR (mild cognitive impairment, MCI) % <
AikFn T i A 2 %8 F B F (neurotrophic factors, NFs) & 4~ ik A2 49 %5 v, 7 i : 26 % MCI
EHEARL EI KA S A IR [n=14, F ¥ (74.77£6.04) ? 152 328 [n=12, ¥
(73.83£7.51) % |,i5 328804720 ) $ BEX3E 3h T (60 min/K ,3 K/, ##46 T FATEIA
Fa 3 B8 A TR AR BIN JA dn iE NFs KB, Bext loaR T AT )6 & £ 4038 T AL, 5F i ik Fn 2 Al
Z A5 NFs, /\Hﬁﬁwfv TR RBATAR ST, 2R 23 TG MCLEF A RIS )
e EE N FEAE R FRFZH(P<0.05), ZHTILE PATH LA L *4&(P>0.05) ;9
J& a7 NFs /K- I+ & i S UARARIE R s A kAR g /s AL R - S b e 3 (P<<0.05) 5
EEALTERAMETAL BR R EA LR 4, SN f i NFs K- ey et %, 4
% B KIEFH TR T & MCI %#/\ﬁﬂw}\#ﬂiﬁ R VEE AL T IERY M, B3 6 F NFs
7J<Jr T A AR ARG R, AR AR ARG N B4 4R 540 & PR & s NFs 232 3) 5] 4 MCI
ZEA NS R s M & BT AR A ‘1’ 1R .
K@ $ MRz BN A AT AP 2R AT 2R
Abstract: Objective: To explore the effects of multimodal exercise on cognitive function, neuro-
trophic factors (NFs), and whole brain volume in the elderly with mild cognitive impairment
(MCI). Methods: Twenty-six MCI elderly people participate in the experiment and are random-
ized to the control group [n=14, age (74.77+6.04)] and the exercise group [n=12, age (73.83+
7.51)]. The exercise group receive a 20-week multimodal exercise intervention (60 min/time,
3 times/week). Cognitive function, whole brain volume, and peripheral serum NFs level are
evaluated before and after the intervention. All kinds of data changes before and after the inter-
vention are compared in pairs, and the correlation between the changes in cognitive function
and the changes in NFs and whole brain volume is analyzed. Results: After exercise interven-
tion, the overall cognitive function, attention, and verbal fluency of the MCI elderly are signifi-
cantly improved (P<<0.05), while logical memory and executive function have no significant
change (P>0.05); the level of peripheral serum NFs increases, the volume of gray matter in-
creases, the volume of cerebrospinal fluid decreases, and the proportion of brain tissue fraction
increases (P<<0.05); changes of attention and verbal fluency are related to changes of gray mat-
ter volume, brain tissue fraction, and peripheral serum NFs level. Conclusions: Multimodal exer-
cise intervention improves the overall cognitive function, attention, and verbal fluency in the
MCI elderly, increases the serum NFs level, increases the volume of gray matter, decreases the
volume of cerebrospinal fluid, and increases the proportion of brain tissue fraction; NFs may
play a mediating role in the improvement of cognitive function and brain structure in the MCI
elderly induced by exercise.
Keywords: multimodal exercise; mild cognitive impairment,; neurotrophic factor, whole brain
volume
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KA JR 7% 365 2R 993 (Alzheimer” s disease, AD) A& PLiE AT 14
AN T e R 5 AN AT A3 T O RRAE I TR el 2 R SRR AT M
AL, & P R Bl LB 985 (Chan et al., 2013) . it
AT AT FE 4 i 30% ~40% KT AD JH PR T 1] 2503 1) fe 6 B
=, WS A5 IAATE 34 2 (Kuehn et al., 20155 Livingston
et al., 2017) . %% FZ I\ %1 T g B# 15 (mild cognitive impair-
ment, MCD & &b - 1E 7 2 AL F1 AD 22 8] (i RS (Pe-
tersen et al., 1999, 2004) , fE 1 15%~30% ) MCI # 1L
N AD (Rao et al., 2018) . 5 AD ¥ B i 3 A Al 1 A EE
MCI 3 F Nl B F5006 97 v 4 22 5 PR L 1 R e
AD(Ngandu et al., 2015; Yassine et al., 2017)

& B O AR NN D BE W] 7 AR T2 A H
X MCL 2 4R N5 H #7547 78 43 Cps B 2 4%, 20205
1835 2, 2021; Valenzuela et al., 2020). B W7 &, ia
BT BT L ZE MCI & 4F A — 0B AL, 18 7T R A
A I8 FE 113897 1F F (Tarumi et al., 2019). {HWLH G5
B, 124~ H (Van et al., 2007) 524 4~ 5 (Sink et al., 2015)
)38 ) T s MCLE A NN AT e IF T SCEER . 2
2 3l (Suzuki et al.,2012) 5 2 Fak 2 Fi DL LR A 11
1877 N g 8 /BB P4/ 00 A 1 2k
FYMENGE , RSN EEE MR LA TIES TS
F 3 ## 48 70 (Kuehn et al., 2015) . fFIE 22 KB, 2 152
1250 CRURLE =0.59) X i & 2 47 A I\ 168 77 (1) 5 38 742 52 K
THRIZ 3 IRiAE=0.41) (Park et al.,2019) , 7£ MCI Fl AD
LA N AT AU I CIURAE=0.57) (Song et al., 2018) .

12 Z)) i E 27 i 45 K 35 08 1 25 4t , 3G n A 48 O AR A 42
AT IR A K I 445 4 D 47 o8 B (B RT 4R 45, 2020 5K & 18
55, 2017), B AT — RIS TR, SRR
Jixi 15 7T ¥8 ¥£ (Chirles et al., 2017; Kennedy et al., 2017) .
122 %8 37 K T (neurotrophic factors, NFs) 42 — & 7£ th Hx Al
MR RIEAEY EDIREN A 7 T FE BUE M E T A ke
A R B B WAEH S 172 0 45 4 A0 T g AT BBV I vh A R
(F#, 2020; Kennedy et al., 2017) . 4 J73i% 8 7K 7 5 fing
V& M #h 28 ' 3% [l F (brain derived neurotrophic factor,
BDNF) . #1282 K [ 7 (nerve growth factor, NGF) Fl i &

F A E K H 11 (insulin-like growth factor 1, IGF-1) %5 f#
278 77 T /K% YA 9% (Kennedy et al., 2017; Valenzue-
la et al., 2020; Wang et al., 2018),

Z 1 02 3 T Pl e 1 2 3% MCT /A 1 DA A1 D e S H
WM AR PE B, B HENED . N, AW 50X
MCI 2 4F NFEAT 9 20 J8 1) 2 4 =08 2 F T3, VAL X b
TRHT 5 MCLZE A2 A0 ) RE 1 AR A0 15 0 5 SR FH 45 R A% 1 3
RGN B T 1 B I O e i A R A R A TRl K 8 WL
B3R 90 41 7 ifiL i BDNF NGF IGF-1 7K, % A 41 T g
A5 NFs 0 7R B8 35 A2 40 2R 4T AH 9% 73 17, 4R R 38 5l 6t
MCI 2 4 N AR T BE 14 5 1 S b 22 AL

1 HARMES5HE

AT 56 22 W R AR AR N T 0 R B R A R 2 D x4l
#E (% 5 :201908065) , Z 5T FL TR AT FT AT 32 104 2538 Al
1% [F) 7 , 78 S50 R Hh AT IR DA T B8 RS e s 2
PG oL -
11 %%t s £kt i

FKH 2023 : £ RI2 5, Aigzh) X 2R [a] : FFHET
TG ) WA R A SR Bt . MCIAI N 2 [ Petersen 12
W 45 #E (Petersen et al., 1999, 2004) : D EVFidIZ TR, A
INEN D RE RS, (AR 981 R 12 W AR v 5 52 4 R 7R DA T Al
(montreal cognitive assessment, MoCA) 15 4 <26, fiij 7 ¥
R A K 2 (mini-mental status examination, MMSE) =24 ;
DIEFER =65, LM MEIE s Bk, T AR e TR R
(activity of daily living scale, ADL) ¥F il <26, 5 14 3 < f
B, TCAR BRI 1 3D A L IR BUAR T AL 51 1 PR 2
M RIS o R AR - % 258 3 48 SO GO L R
EEVEBIAED NS RART 25 WA 7 B R R ARG R
P93 B At B8 DA (0 A AR AT T R A AL R AR A A 2

HALX 326 42 FE NS 5k, ZANFRAETEAL 48 A
G AR TR, HERR & JI8 3 48 B Ja 1 26 A IABEHL
X SEE . FEHL 2> Jy MCIX I ZH (CMCT 41D 5 MCLiz 3)
HEMCI4, R D,

&1 ZEERER

Table 1  Basic Information of Subjects n=26
28 5] n e IE4 ZHH IR S /% BMI/(kg'm?) ADL
CMCI 4 14 74.77+6.04 10.84+4.66 68 22.44+1.96 14.53+3.07
EMCI 28 12 73.83+7.51 10.52+3.94 67 22.36+2.76 14.25+3.04

Ea o R RIER A F e B A E

12 FTRHEL %%

EMCI 4. : 5% F £ 83032 3 J7 % (Kuehn et al., 2015;
Suzuki et al.,2012) , 150 min/ff o 25 5 JE 5 12 50 (18 1 .
PRAESED , 2~3 BT IS 45 ) (a4 & EIVIRF &R

2

JEAULIA) B 45 (M 5 5, 2015) , 2~ 3 IR L Ik 25 5] (6
8 AR 5 RO E SR 21D, 2~ 3 YT i 25 51 (R 1K 24
R A B R 5 0 5 R Rt Sr 45D .
1ZF)T 160 min/¥X, 3 X/, 320 4 .
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18 B 5 ) < SR i 4% 0 3R E 4 LA [ THR=(HR |~
HR,.) X T3 (45%~75%) , HR,, =207-0.7 X 558 1 52
LR . Zephyr 12 8 R 4 (3£ [H Zephyr, PSM Training
3.0) SEIF I, 38 i 4 rh )T 30 2 0 (104.08 £36.45) ¥/
min. &3} Ji 2= W5t F 77 (rating of perceived exertion,
RPE) 4 11.05£2.03, F W 55 KAZ AL T “i2 47 5 “F7 2z
71718 o T AR CMCI 2R 1 4 (A HE#%5E ) EMCT TG it
K MRFE<10%. 20 P2 5L 54 R (44~60 170

CMCI A : ZRZ W E R IFEA M H #E GRS . K
FH ] B A 735 3 B 2 (TPAQ K38 14l 1A & 0 18] 1) 1k
JINE B A 2 A A 1R e H E AR s E RS KT
600 MET min/J& (Kuehn et al., 2015; Park et al.,2019; Su-
zuki et al.,2012)

1.3 MAERIRAT
1.3.1 Ay iFfh

AN ENThRE (52 PF4 %5, 2015 Tarumi et al., 2019)
1) MoCA 1 3T JRL, 5 3 S W 52 3k 38 1% 6 A DA 0 T B
2)MMSE H TR, X147, 5 5 0] By R R 05 5 R iU

5 AN BN T BE (52 FH R 45, 2015 Suzuki et al.,
2012; Tarumi et al., 2019 ) A4 « D HL ) B I 46 - i 5/
{8175 (digit span test-forward/ backward, DST-F/B) , ¥ % &
FIFABIZNEAZ . 52k 1 FRDUT 58 1807 5 R 0, 40 il
SR IERECH . 2) 775 B 2 45 1 5 (symbol digit mo-
dalities test, SDMT), PEAHVE R /7, 2 & L HE R 90 s Y
DA 5 PR BN 5 5 T G 1 4, I S SR e 13 4y
3) = i i M I 36 (verbal fluence test, VET) , ¥F4l & X%
15 5 A ANE SIEAZ o 78 K€ B 18] (1 min) PR AT RE 3D
Wi 3 — i . 4) 3B (trail making test, TMT) , V'
A T R 5 (A1 B8 0 FNBRAT T R L #2207 DA fe b T R 5
FERENLHEZ 1) 25 N7 I SOER A R I 5B HdI
(logical memory test, LMT) , ¥¥fli 2 #1212 5 B %1212 , Uy
H A g 8 3 B 20 [ 47, 52 3R A RS k] AR 4 O it [l 17, 2% 3%

TIEG  ARHEEE

Ji & SR

HEATR T 7.
132 ShEAMMEEFEF

T-IRAT 5 T8 5 2 B A DCE A ALK I 5 mL, = I
JECE 2 h 0 15 min, BB B T80 C R AGE UKAH AR A7 -
SR FH i K 6 22 W% P 325 K 0 4 8 I ¥ BDNF W NGF L IGF-1 7K
S ) R A A T P AT AR I, R R R e
B AR W) A2 BF 58 BT [ 9% 5 BDNF (CSB-E04501h)  NGF
(CSB-E04683h) \IGF-1(CSB-E04580h) ],
133 & W44 MRS R & 5 247

MRI &% R 76 7] 7 3.0 MRI 1 # 3R 4€ , 46 /i 3D
MPRAGE TI i AL 7 41 . 49 4 Z % 5 & i 8] (TR)
2 300 ms, [a] ¢ B [8] (TED Jy 2.98 ms, % ¥% B[] (TD 2
9 009 ms, IR 2 1 4 170 J= , #L B (FOV) iy 356 mm X
240 mm, 7 & AN N LI mmX L1 mm X 1.1 mm, 815 AN
9°, 7 & N 240 Hz/pix.

G AL 2 S 73 20 B - 25 T Matlab 2012b #1165, LA
4 it 2 B Cstatistical parametric mapping, SPM12; http://
www.fil. ion.ucl.ac.uk/spm/software/) & I CAT12 F T. B A
TR SBM #i 44 2E AT 1 2 4k T4k 22 (Hemond et al., 2018) .
TEAEPER D&, ] ICBM 2 (AR, 3 3D-TIWI
BIZR 53 RN 2K 5T s A (B 1D o 2D T HEFI AR A, o
X DARTEL % B HEAT FE 26 M O E , 51 21 SRR R 7R
PP 22955 5 It 75 BT b AR AR (MINTL52) , SR IE BT A 43R 1Y)
BIRAE R — 73 (8] 3) 78 (8P . i 4 %80 15 mm (15
Bivig. OEUGRERLE . X B> HE 2 A5 W AL
SERME T EVEE C 4L (<70%) LA FREATHIBR . S TRrdz
BS54 52 0 K 7 AR FH (gray matter volume , GMV) il [ it
PAF (white matter volume , WMV) . Jii 5 ¥l & #1 ( cerebrospi-
nal fluid volume, CSFV) .\ &5 /iil P 44 # (total intracranial vol-
ume, TIV) i {7 J2 JB & (thickness ) A b 2H 21 53 %4 (brain tis-
sue fraction, BTF) . TIV=WMV+GMV+GSFV; BTF=
(GMV+WMV)/TIV (Iglesias et al., 2015)

Ji AR

B1 2kgasi5RIEE

‘Whole Brain Structure Segmentation and Extraction Process

Figure 1.

14 it o ar

BTG H4E Y5 I SPSS 23.0 G it A E AT 4, A
Graph Pad Prism 8.0 3 #4247 B 2: 1) . T A1 J= i %
FHBC X BE A ¢ K56, 32 3 25 A0 ) 1 4 1) 1) 5 S P b ST ke
PNV i N | KB N [N = R Y (S s A G R S B e
ARG IR T B4 il A AR AR A 23R AT Pearson AH 9% 43

B 5 25 K P=0.05

2.1 % BEXE 3 MCL & 5 AGAfn o) L 68 % vf
TEREARIN R DI RE 77 1H , 5 AT AR L EMCI 22 2 4\
MoCA (£=2.65, P=0.02) 5 MMSE (=4.83, P=0.001) 13/
3
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ik .

FHi 5 MoCA (+=2.34, P=0.03 ; €] 2a) 5 MMSE (=

2.88,P=0.04; & 2b) 154 EMCI 4H 5 T CMCI 4. (£ 2) .

07 e 327 b 259 .
25 307 20
< m ~
Q ©« 28 - s -
=4 = 15 |
= 20 4 S # & #
26
10 L
15 4 24 -
T T I 5 1 T
TFIRAT FHE i TFIRAT FHE
104 d 6 - 209 f
9
15
=8 T M 4 _
7 ; £ T E
a 74 |
7 - = i 10
6 2 -
5 1 1 1 1 5 1 1
TRAT FiE it FiE TR FiE
-e- CMCIZL -# EMCI4L
B2 AAThetEE THAEXEER
Figure 2. Interaction of Cognitive Function before and after Exercise Intervention

JE: B AT EMCI 285 CMCI 41335, #4& = P<0.05, F R,

F2 ZEAEFFEERINNINEER TR

Table 2 Intervention Effect of Multimodal Exercise on Overall
Cognitive Function n=25
) CMCI 4L EMCI 28
Q% 2 2
AT FiE AT FiE
MoCA 17.30%3.35 17.62+3.45 18.66+3.49 22.58+4.88"

MMSE  25.76+2.45 25.00+0.81 26.91+1.88 29.33+1.43"

SDMT 12.92+5.09 10.92+4.71 11.08+4.56 16.58+6.47"
DST-F  6.84+1.21 6.53£0.96 6.83+1.26 7.50+1.31
DST-B  3.61*=1.12 3.61+0.96 2914+0.79 3.75+1.42

VFT  10.53+£293 7.924+2.06" 1033+1.77 15.00+4.47"

LMT 438+2.83 6.23+2.18" 4.04+433 6.04+3.76"

T™T 2.691+2.56 3.4615.62 2.33+1.66 0.75+0.96

5T AT AR, * & R P<0.05,** & & P<0.01; TF.

TERRF 5 AU BN Th A8 D7 T, EMCT 41 % 4 N\ % % 77 SD-
MT(=4.45,P=0.001) . 5 i& i #% P VFT (/=5.01, P=0.000)
B 49012 LMT (1=2.08 , P=0.04) 13 43 $2 &1 . CMCI 41 % £
N & B VET 184> F B (=-5.47, P=0.001) , i #c.
12 LMT 139y 215 (=-2.54, P=0.03) . T TiJ5i 13 % /1 SDMT
(+=2.53,P=0.019; & 2¢) , B ZIC 12 DST-F (+=2.09 , P=0.047 ;
Kl 2d) \DST-B (+=1.88, P=0.049; & 2¢) &% & ifi it ¥ 14 VFT
(=5.15,P<<0.001; ¥ 26457 EMCI 4l 1= T CMCI H.(% 2) .
22 Z#KXEFHAFMCILESFAINR i B85 F o9 %0

T FA1 e e % b CMCT 41 IGF-1 (.=-2.76, P=0.017)
FIEIKF T B& ; EMCI 41 BDNF (£=5.71, P<<0.001) \NGF (1=

4

4.14,P<0.01) . IGF-1(#=6.36, P<<0.001) L /KF 7. F
i J5 EMCI 2 BDNF (£=5.32, P<<0.001) . NGF (+=6.04, P<<
0.001) + IGF-1 (=8.25, P<<0.001) & ik /K *F & T CMCI
HFEK3),
23 ZHXEH TS MCL#FA LRI AT 6 %A

T AT 5 FE X E 5 CMCT 4 3 465 N 4 i A4 A3 AR R
U2 5, EMCI 412 E N WMV (1=3.25, P=0.008) .GMV (=
2.97, P=0.013) & BTF (+=3.76,, P=0.003) & T T Wi #i .
AR AL, IF 5 R A 3, 7 AR M ) 5 AR e T 2 BT
DA il 45 b5 g D514 R, K P 3 L A R AN S LI N [8] U3 7
R T S R G | IR B S D Y K =R |
A RFIIA R E (P<0.05). T EMCI 414 A WMV
(=2.66, P=0.014) . GMV (=222, P=0.037) }% BTF (+=3.41,
P=0.002) {5 T CMC 41 . EMCI##%E N WMV (1=3.25, P=
0.008) .GMV (+=2.97, P=0.013) }2 BTF (+=3.76 , P=0.003) 1}
EFEEHE, ED,
24 $BXEBHFRNEAmARELEHZERAT.
A TEAR AR R ALY A KM
241 TR G mEERE TR AKX MK

A SDMT® 5 A BDNF (=0.535, P<<0.01) . IGF-1 (=
0.705,P<<0.001) 2 IFM (B 4a), BB Fiil2 5 s AVFT
5 ABDNF (7=0.524, P<<0.01) .NGF (/=0.818, P<<0.001) .
IGF-1(=0.602, P<<0.01) 2 1IE A 5% (K 4b) .
242 NmTE R L 2 RERARE AR K

A GMV 5 A SDMT (1=0.428, P<<0.05) . A VFT (=

DOARF=FRAE T,
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0.553, P<<0.0D) 2 IEA K (K 4e). AVFT 5 A GSFV =
-0.494, P<<0.05) & f A5 (& 46) .

0.485, P<<0.05) £ IE A 5% (/¥ 4¢) , A Thickness 5 A SDMT
(r=0.432, P<<0.05) « A TMT (;=0.443, P<<0.05) & 1F # 3¢
(& 4d), ABTF 5 A SDMT (+=0.434, P<<0.05) . A VFT (=

E CMCla
1007 @ = EMCI
10 BV/HD
F0 = WM
GWM
GM
CGM
CSF
r—10 BG
AWMV~ AGMV  AGSFV  ATIV AThickness  ABTF
B3 BE3THELMERERER
Figure 3. Changes in Whole Brain Volume after Exercise Intervention
#3 SHREAEHNIPEMBEEREFSLMEFHRNN
Table 3  Effects of Multimodal Exercise on Peripheral Blood NFs and Whole Brain Structure n=25
CMCI 4L EMCI 4
FE AR — —
A FiE ] FiE
BDNF/(ng'mL™") 7.61+3.56 5.11+4.70 5.17%2.29 14.46+4.01""
NGF/(pg-mL™) 210.90+44.70 189.10£39.60 237.20£22.70 305.40+55.80"%
IGF-1/(ng-mL™") 21.71£5.96 15.44+5.79" 19.41+4.60 38.76£8.207*
WMV/cm?® 492.61+44.05 478.31+41.07 488.30+36.60 522.30+£41.30""
GWV/cm® 418.10+48.70 388.21+54.84 400.70+47.10 409.70+47.70"
GSFV/em® 421.84+93.87 469.76 £74.46 455.90+78.30 425.00+79.30
TIV/em® 1333.074+139.52 1354.234+96.50 1347.80+118.4 1381.40+129.30
Thickness/mm 2.6340.05 2.774+0.29 2.5240.09 2.5440.11
BTF(0~1) 0.6710.06 0.63+0.03 0.65+0.04 0.6940.03"#

7E: R4 EMCI 415 CMCI 41 bbb 4% # 4 = P<0.01, F R,

243 WEEHREFEME AMERT 48X %

A BDNF 5 A GMV (/=0.514, P<<0.05) . A BTF (/=
0.534, P<<0.05) & 1E 4 2% (B 5a) , 5 A GSFV (5=-0.592,
P<0.0D 2K, ANGFHAGMV(=0.427,P<<0.05).
ABTF (7=0.557, P<<0.01) 2 1EAHK (B 5b) , 5 AGSFV (=
-0.44, P<<0.05) £ M %. AIGF-15AGMV (7=0.486,P
<0.05) « ABTF (;=0.492, P<<0.05) % 1IE M1 5% , 5 A GSFV
(r=-0.441, P<0.05) 27 (H 5¢) .

3 aEitig
3.1 BHXE I MCIEF AN s dh 89 v

MCT [} 220 31 22 208 EZRINIAZ 77 1B S ThRe .
TR AT D e A7 (R S5 R D RR BB 0 R R (Kue-
hn et al., 2015; Petersen et al., 1999, 2004) . AHf 57 45
TR, 2GS F R MCI 2 F NN A D) 5877 A4 T AR
S . KAREAS o & IS B T TR BE AL IR SE 5 R, A
SIS B FR] R 2 R BRI T R X MCT 2 4R

N BRI SN T e BAT 23 {58 &% (Smith et al., 2010
Song etal., 2018) . JG/MHT K I, 74 771 51 (Park et al., 2019;
Valenzuela et al., 2020) 51z 2 F 1l (Kennedy et al., 2017
Song et al., 2018) Xf % 44 I\ 5 Th A £ 1B A A & i 5 ol
BRORE , AFLKE AR T AR R ) RE PR A P B G A5 i — B A A

H AT AT 5L R W], 38 ) F T8 MCIL 22 48 A A 51 2
REJTT0 2 35 B AR H , vh 88 505 32 B RO T 22 4 NI A
STy e I J0 S 3 DO AE L R MCTER AD R 26 10 2 3%
50 (Sink et al., 20150 12/~ H w45 3 B A 4018 36
A MCI 32 3 & N /D) e A 2% 20 # 1E H (Van et al.,
2007) . HH I 1 5 SR 1 JE R AT R S IS 3 T TR SR
I, 1K 2 T L HR o B 4 ) A 40%~50%V 0, JB T &
A TG 10 S0 A7 B 52 AR AT 5 o S7URT B SE Dy 50% ~ 70% Ji) 3
B GUAT o URAT R AU A R L, 38 S 0T A K T R R 5
FE 5z 8 A O, B BE AR 33 B0 % Ty A 4k
2% AD H 20 3 ¥ 4F (Geda et al., 2010; Valenzuela et al.,
20200 o HIE B 3R 5\ K020 5 RSB R A

5
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MCI & 4 N\ B 1% 38 i 76 4 1 32 ) 98 FE O/ 18 S 8 A iR

r=0.524 P<0.01 == ABDNF

e/ EE L MWLt — e,

40 @ 7=0.535 P<0.01 === ABDNF b r=0.818 P<0.001 =~ ANGF 20 ¢ 7=0428 P<0.05 =e=ASDMT
#=0.705 P<0.001 === AIGF-1 7=0.602 P<0.01 —e= AIGF-1 7=0.485 P<0.05 —e—mAVFT
- & = 10+
& 204 % =
% ©) =
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