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2K SR (global aging) JRMCEH RS BRI FIVAIGEE - AP AOSMHREREL > &
AN COSEEFAMGTY 2045 F2EF] 90 B - Hrp 2009 4F 60 prlh EAY A LBk ARG
10.8% > [fj 2050 FERITEERZEF 2 22.0% (Crampton, 2009) ; HE I > S EWLBIERTHFE
JE N CURFAH 1 BB PRV IERE (Van Bavel, 2013 ) < ZR11 » AL A CIHY B BLFHEAS a5 (life
expectancy ) HIER » W HEEAT 2 THEEN 5 O F B M FAY AR LS o RSN
HEfa > EFFEENY R BLE T AR AL IIEE (neurocognitive function ) J& 52 ZEHGAE 42
B DA S RES A DL (successtul aging )Y BH#E IR 2 2 —( World Health Organization, 2017 )
EF S MHBAES R ESRT » 2229 E (dementia) 2 65 BEDL Sl B2 B R AT HE R
(LR 2 — » HEL I EGEE A IRE MR B RS2 < B EEAREARR TELIE (memory )
RE TR E R » BEEHE R T AENRMAE » fli - B% - 385 - BOARSE - REWR®R
EHEH - £IKETE 5% 2 1% Eie A CEEAEE - BEMIR 20 44 > HAEEEENTAE N0 El 2
BeE (Prince etal, 2013) 5 (RS IV #585  HE(H 854511 2016 FEARBIA I A CTEH 26
A IREIRAIE 100 AGEE 1| AEEAEE (ZEMIRAEIERS > 2016) - HIL > HEIESE
(B LR N CIKES > MRS K 7 AKIGE - fert Bl a i s e & R A AS o se >
ZHEE FEILAE ~ RREEISE AR 2 g A 0 B R E IS -
WA > B(LEE 2 R A ThRE R B RS (R A = R (SR - =450
[~ EAREH 0 2014) « BE b0 35 BRIRR A Z KRSEERERE T T A2 48/ )N 0 T 60 Rk H BRI AR
FEfEEE 2 DUSE TR 0.5%AY 7 53545 (Hedman, van Haren, Schnack, Kahn, & Hulshoff Pol, 2012)
(E 1) RERRSIE RGN - ek SR e sl MIThRERIAARA - B0 - KFSATEHE
RetEi/ DIvEE N > M ER T BG4 B ~ S TIIRE AR BRI 7 ~ fIRIIZEHIRE ST -
DR TAEEEF RS (Cardenas et al., 2011; Head, Kennedy, Rodrigue, & Raz, 2009) - 4} » JRA
WA TN & > HAKSThE th EREE THEEES . Hiife 2 s b8 RIEEs > 88
EIMAIFTZEEE 78 (dorsolateral prefrontal cortex, DLPFC ) ~ Fijf[1#7 &7'& & (anterior cingulate cortex,
ACC )~ JTHEE (parietal lobule ) ~ /N ( cerebellum ) ~ ELJEEF% (basal ganglia ) » Fz 78 55 A (hippocampus )
% (Cao et al., 2014; Grady, 2008; Greene & Killiany, 2010; Lin et al., 2017; Park & Reuter-Lorenz,
2009) L RESTORERY S L B B BB 0V R A L O B T B T > 6 B 2 B B Pl 24 V8 BUE
( Alzheimer’s disease ) ¢ (Kennedy et al., 2009 ) °
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PRI RESR AL BIRE HIDIRE R IEAR 0] 1T » VAT E LA 8 - 58875 E) (physical
activity ) BAREHE KRG RIDIRERIT (5B ~ RS ~ DiEMA ~ SRS » 2014 5 10 ~ BRI -
FFAETE 0 2016 5 FEZ ~ ZHER > 2017) > S E RISHEOLER T (FE&E - RIO5F - 9B -
TRETE 2016 VAR - 541 DLHIEORIEE A PRET 2 B85 =T 75 ( Holschneider, Yang, Guo, & Maarek,
2007; Nokia et al., 2016; Timofeeva, Huang, & Richard, 2003 ) Ed A\ J88/f5% ( Colcombe et al., 2006;
Colcombe, Kramer, McAuley, Erickson, & Scalf, 2004; Kramer & Erickson, 2007; McAuley et al., 2011 )
EOEREm A REZEE - YR EREEIE 0 ERERRADERIA - INEEE2 E T
s PERZE i SR SR IE RISAERS SR AA AR R (CRIGFEEA - 2017 5 BHOF -
ESE ~ FIEE ~ =4 » 2016 ; Hillman, Erickson, & Kramer, 2008; Kramer, Erickson, & Colcombe,
2006; Park & Reuter-Lorenz, 2009 ) -

T EREE | RIS SR SEGE R SR A B REENE  BE SRR (-REEEH
FEE) (FRNEFEE - BEESUIRHEE KB REH A LATIEE (cardiovascular fitness )
A EMHAE (aerobic fitness) EEHSHAE (physical fitness) » HEMIELE AN ZZEHIENHE (Netz,
Dwolatzky, Zinker, Argov, & Agmon, 2011 ) o /N4 » 5 5 5 55 ik 25 Ml s 5 - HCm] > AEf 22 0 Hifi 28
REHE RS ~ UM T - Wheh - 8 - SE 0 OB IE > T S E B S RS AR BT T REE
A AREFIHITIEESSSE (Barha, Davis, Falck, Nagamatsu, & Liu-Ambrose, 2017; Cai & Abrahamson,
2016; Ehlers et al., 2017; Nagamatsu et al., 2016) - 5 # A ERFITIEE B KIS ThRE 2 62 il 14 - s
JEENEL GRS AL B RIS TIRE E A N EIRE - Bt RO E ER R S REE) - 558
R AL AR IS TRERT 2 R -

RIS (magnetic resonance imaging, MRI) £ figHy SHEEEL PR 22 » 45 SRR AIHAR}
B2 B O I B A S SRS 2T B ) - HETTPRET R A\ B R E BN LR RS (R R AVRA (% - CR LIS S
ZW5eHEEE  — o MRI B3R AMERIHIEER MRS - CREZEAN B 2SR - RETHHE &
SRRV BEAR(EAENE - A MRIET - i505 o] A U RS A= BREHSR AV AR RA S E - 2
Mg Bl @S » BERSEEELDIRE AR &R - R Re R0 AR BT R R nI (& Al
FEEL o MHENESEFENTIRIT AR S EAM i E i (20 ¢ BSEED ) » MRI A 5220
FEATT FE A KRS i s R i 2 (B > ] [EIB I Al e D RN T pE B E S BB 2 4558 © TE B RS SBIAHBHT
e b FFE W AR B AT A B 5T H 3 R RS T RE B4t 2 288 - Il © (E FHIhRE 52

(functional imaging )W 5T [EIF2HITNAE(F 2B AT TI KRS S ENHYEE (L Hall et al., 2008; Hayes, Hayes,
Cadden, & Verfaellie, 2013 ) ; {45 SR, (structural MRI) 5T AR i7/E 1S 18 B RS I ok B FE Y
$#8{k (Ahlskog, Geda, Graff-Radford, & Petersen, 2011; Chapman et al., 2013; Hayes et al., 2013 ) ; fi
RS RS Rl (diffusion MRI) 98 RAS @IS RIATAERE 45 M (structural connectivity )

(Burzynska et al., 2014; Marks, Katz, Styner, & Smith, 2010 ) ; {5 FEF S REThEE MR LRGSR 1iT

(resting-state fMRI ) 551 A A& I8k > Y THAE 3845 M (functional connectivity ) ( Boraxbekk, Salami,
Wahlin, & Nyberg, 2016; Raichlen et al., 2016; Tozzi et al., 2016) ; E R EE 4SS FiultEfds Ry
Y2 e AL tfsE (& 2) -
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HkEH cig X173 0% SEHRE AL % ARA
REEHHI S FREALFEA BEFA

2 SEEEHMRKEERZME  LARSWERERFEERETES ©
=¥ ' 5| & Voelcker-Rehage and Niemann (2013 ) 7 [AIEEESCEL -

2RI > H RTE A LA MRI BFZEERET B A8 S B fal 52 2 A L RBSELER AIRE /D » BEA S H5E
[EIRE - AT BN AISEEREIAERINTE (SRIa% - 58 - sRES1E > 2015 5RE 1 - HEYE - £&
2 Bl 0 2013) (GRS EBIELARSTNRE > [BIREE By = > JRBEN > AHESHA B MIT SR EERZ i
I S E R BINAERS B IEREEE - 590 aE AR 2 2 - BEEBELE
BERE T RE L RIS IhRE EEAE R HIRE » RIEASURE e G E AL RS ThAE 2 MH AR 7 6
Rl o HEEN I - ACERGEESMIZ LU SO, - FER SR AT Ry 65 L L
ZEFERE - HINVESHERBAHR MR bR (40 ¢ PIZLBERE - ESORRRAIRERE ) - A DATHAE
MERAIARIESZ (functional MRI, fMRI) HYaiisS B34 GBS RRSIhAE 2 228 - SSAEENEFERETh
BeMEh L RiER (resting-state fMRI, RS-fMRI) E{EZEMARATHAE MM ILIRER. (task-based fMRI,
TB-fMRI) J%#EET IMRI 2 EBHL ) BRI AKHSE I REIR R LA S Fo [ B AR - B8 S > A
He GBI ET MRI Rl 71/ B AR AT R L5 2 FEA s HAR S B AERA SRk ERaT &
BEEEN T RASThRE 2 288 > WA R EWTIE 2 BERaaT B TeAS 3 © Bk P E R I TRALE
R R AT E 2 7 1A - HHSE i i n| BERE SR (i B A B2 R H IR FE LR 7T 2 275 (k5 -

fMRI 7\ 4ZELFEF]

THREMEME LR G &2 (fMRI) S #8 HH M & K B & 3 e &8 TE Bl P 5 [ 388 19 1 48008 FE AE AR ¥ EE
(blood-oxygen-level-dependent, BOLD ) &5t » #EMHEam T AR IABGEEHIThAE A RIS S8IHYT)
REMEMHAS G 2l « —R&50 % - BOLD 5% (&l BS 1 ¥ &/ ME B B s S il o 28 a8 S T
(neural response ) ] » i SR BOATHHI B ERRIAOT - \IATIL SR BIGE G
5[t — MR E R =Y BOLD GH5% - 5 b vl 4k am s S Sl G I Bt i L it = S A Tl
(Kanwisher, McDermott, & Chun, 1997 ) - £ fMRI 2 JEFH | » F3E0]4) AiF B REThAE M iRE
2 B ESEAERA T RE MR L RS S AR ZE B A o ASC DL BIgH 5% WA D) A Mg IR S s i 22 L
[ EL TR 4 -
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— » FRER MR IREZ T

RS-fMRI 45 (EREEE A4 R ZEFHIREE T MIEKAH (low-frequency, 0.01-0.1Hz ) BOLD &5
BIZZNAIME (endogenous) HYARE AT EE) (Lowe, Mock, & Sorenson, 1998 ) » i DLG T HEAIEE AL
KESR B &I BT THRE M 4E R AE o fEBLAY RS-IMRI 605 » W3 S EGIRS B e & i
BERIVEERDY - WERA IR T TR E SRS - [EFEE R ARE o DL RS-fMRI 4347 T i AHE
THREHESEAINTSE » Biswal, Yetkin, Haughton, and Hyde (1995) BCH5 H R HE 72 (1B A (A IR 52 A
& K28 l& (somatomotor cortices) A #: =Y Z AHREAME (coherence ) » EURA[E KM &AL 2
BEATRESMERVE SRR IR - 9 PRFFDDRE A A s B IR e A GRS 0T A= AR RS -

Y4 RS-IMRI AR 2R IR E B E(EMHBITSE (Chen et al, 2016; Kawagoe, Onoda, &
Yamaguchi, 2017; Lee & Hsieh, 2017 ) » S&FEEHIERE (mild cognitive impairment MCI ) » DA ]
2L BRI S A BRI S 5B (Brier et al,, 2012; Qi et al,, 2010 ) « DL RS-fMRI Hy =] fE HI A (R 24
A CAINTSE - S8 SORRE S KRS A48 DhRE M4SN - Tl pe KB KRS ThRE & (A2 U FE1E

( Greenwood, 2007; Reuter-Lorenz & Lustig, 2005; Supekar, Menon, Rubin, Musen, & Greicius,
2008 ) - 7£ RS-fMRI HYWF9E 3 - & ROKHSThRE M A AE e A THR I 4845 (default mode network,
DMN) ~ FiZHBESRIT4ERES (frontal-executive network, FEN ) BZHTEEE ¥ 3 4% (frontal-parietal
network, FPN) %% (Joo, Lim, & Lee, 2016) « Hth » DMN {435 AR 005 e 1A ez 5=t (default
mode ) » & {EFSEIMEIEERE TR (external processing demands ) SR EARFERF » HIFLE ALY
PEATYPRIFFEEERRE ~ 7 2 3R = S E) - AR FERNE iTRE HER AR A E 2E SRR A 28 ( Greicius,
Krasnow, Reiss, & Menon, 2003 ) - 757 £ DMN A& ROACES &I @2 % {175 (8] (posterior cingulate
cortex, PCC) JE{HZEHATEE (precuneus ) ~ {HITHEE (lateral parietal regions ) » s N{HIFTZEE ( medial
prefrontal regions ) “FfEH & ([E 3) - HATE A2 RS-IMRI JER A KISTIREZ(LRYITSE 883 -
WEEFHE G0 - KA i (I B 1% (R T S R Y Dh e MR A 45 i B E K. ( Andrews-Hanna et al., 2007;
Damoiseaux et al., 2008 ) » BUREZ(LFZEERRSThRE AT R 58 E - RS-fMRI HY [ AYAHBAIASE TR
WPEE: » RARAIIGE A DUZ R B RIS DR M L AE AR AR AV - B A BRI TIEE -
540« JEE ) (attention ) ~ &R (information processing ) » DK T/FECE (working memory )
L HEZLAEES) (Park et al., 1996; Salthouse & Ferrer-Caja, 2003 ) HIZEEFR -

I TR 3 P 4] AT 3R

lateral parietal regions medial prefrontal regions

G ELL AC)
posterior cingulate cortex

B3 FHRERUREREENHEREBIRERAAEES
i 1 27T R MR IRIE ~ R R liRE > 5T Ry ORI
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— ~ fERAARATh AR R IR G R T ST AR )

AIEH RS-MRI » TB-MRI B [A)45 &0 A0 OB 2 F B 7T SR ET - AR TIIRE MG SR
IEIRARAVEIRY - SR AT B SRR T R (RSB B IR WM SR E RS Sk i &k o E )
Pt | S5 IM SRS S L - HEMEn 81T AR BGEE RIS EE A R A S o ERRAITHASRI RS
b HERAEERGE T TSy « E@AHREET (block design ) BASE(RAHRHELET (event-related design ) ( [E]
4) - BAHEET R IMRI B i THY » SEERIERRIRDIEFERIRE (S{EEAERFRI4Y 20-40 7))
2> AR ERFEEE (signal-to-noise ratio ) NZHY ISR ERE ST o B HRREREE T HIERECR [H
EEIEE TSR (interspersed ) BURE » SHEE SR (trial) DIFEH T =NE3R - I DAERF(ER
ERAVaTSRRE > A e ST SR TR B B I H 10 2 AR 1T Ry 7 NE -

& 42 3% 3t
A B C
Os 24s 48s T2s 96s 120s 144s 168s
¥ 48 M3t
A B A A CB B C
Os 12s 24s 36s 72s 96s 100s 125s 150s 168s

4 [BFHERETEEIVER R AERASEE TV E
it WA Ry 168 2D - ARG EA B 24 2R HIREL > SRR =R DA BRI -

BEEAF2K > TB-IMRI B = EEZ E A FC IR Bl 2L > B0 - Bl A fEhE
JZEEf (Pihlajamaki, Jauhiainen, & Soininen, 2009 ) ~ [] 2% G EAEEEE ( Pihlajamaki & Sperling, 2009 ) ~
EH#AE (normal aging) ( Calautti & Baron, 2003; Pantano et al., 2002; Ward & Frackowiak, 2003 ) »
HE R E N EA B &Mt (Sperling, 2007) © #BECBMEH - FHESAIE R 210G
B o U EE0 P i B ] 22 BE B (R AT SO R BRI 2E S - DB S R T RE S EIRERAYE(LIEE

(Pariente et al., 2005; Sperling et al., 2003 ) « [ T i MR LABRBR BRI - FEEIY N7 &R S5 AHE
igE o 40+ Kleerekooper et al. (2016 ) Fslffig=2{ LEIRITRERITEAIRE 112 KISThEERVRET » 45
T T3 ALY 30 £ 70 B ERRE A > DL TB-IMRI B RS & o g s i T2 1R ERSR e £

(stop-signal task ) FFABSHYE(CIIE 12 (-EASRFERE R taie—R ARSI TI0EE - IH9TE
SERF DB FERIESN > B TRAHIE B MR IE - tHITAE R8T - AFHe B e R 3R TEAHRE
BHMFEL AR - RIEHIRIEE S TEIE o e R ELRIE > S$FRF# LA HIZH RO (right inferior
frontal gyrus) HEZEE R - BRIFLAK  WETELIEE AR - SE74E R IH S E e 0
NERRFThRE T MR HEAKIEOIRE /A RG5#ES - MERBIVE @ s tadsn » [EEZFE
GEHER R ENERES ~ TIESCE ~ BhEIES] 2R > MAHIshE SRR AIERE - H AR
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TEEREE LA A » LEERTAEEERITAEE I (Dennis & Cabeza, 2008; Huang, Polk, Goh, &
Park, 2012; Park & Reuter-Lorenz, 2009 ) - [Z FERY T BE 2 R Ay RHSTORE RS M BT TIREHIEUE
( compensation ) °

= B RAERIEIRER Z ER

& LRI RE M RIS AR - SRR EERL EARRART 7E i 2 ME I EALRBRIZHRE Z
PRt o R Z (IR B AR VEED L RS-IMRI KRS IIRE 2 AHRBERSE - DMN A A4S B il 2 4t
PRI B B e TR ENEA N KD RE Z AHRBRTEHE < 5541 » TB-IMRI HUMHBAATESE - sRAITIREE AL
BT E ARSI 0SB FIEARE o Hoh > KRHSRTAREE - 3R - DURIEENNE 2 2 bR I RE R &
BEUR - BB SEE Re Y II% L I 2 KBS ) » [E RN -

SRGEBEAREIIAE ¢ RS-IMRI H[H

AEFEIEELL RS-fMRI B [ £R5 S i B W S e S B KA ThEE 2 BEl: - FEREGTE Y -
5y B tEET =022 (cross-sectional study ) B E TUATZE (longitudinal study ) & » MG COffimEAE ~
KAz - K fH T f@ 5 EH) (resistance exercise ) S [ (A 4T THRET ©

— =B R

(—) DFfEsE
LT RE Fy B B R Y T BRI 2 — » HAEE AR RS EE) (aerobic exercise) Hf1/C MY
SHEST - Hip o KB EE (VO:max) BEZEMAOAIEETZ 7= ZIeEERRSThRE &~ Bl
CUATHSC RS £ - Jl41 : Voss, Erickson, etal. (2010) 1L RS-fMRI B[ ¥t Lo i@ AL B DMN A
DIRERVARE - 2R HEEE 120 i 8FE AN (CFEEER 66.5 5%) #1 32 i N (CEI9FH: 24.1 5%)
HEITER - FTASBENERZ IMRLIFH - MR R KR A EN RS (E 8 AT EEEEE -
HG 0 MRS R TR THR DMN RASEAEME 2 22 5 1 IR A > B AR
( posterior cingulate cortex ) ~ H1%H[A| ( middle frontal gyrus ) ~ Fij-P4EEE &7/ (frontal medial cortex )
EERIHEAZEE| (bilateral middle temporal gyri) » DL EE(HI7E B 5% [E] (bilateral parahippocampal gyri )
FS I A MR K o KR O AT ERE B T R Z BB T S LT ERE Ry E A ATER T
T Ol BT P AR R - PR ol Bl (eI - DUR/E TR R (e SR R EE R B R DhRE M A A
B RO T OATEEE T RE A R E B LRI E AR IS & IS R TR M i 4E VT 9T R8s 12 -
(Z) iz
AR Fy— AT P B R B O S B RAE (mind-body exercise ) » A HFFIRAVEE)
T B (e 2 By O 2 24 - MBI O BB S KB o AT AF i Zs BRI D RE 2~ RGN BR4A
ke - HRATC AR S RSS2 SR M ae s 2 521 - PefibsZ (F R E4E T RE 2 45 (Chang,
Nien, Chen, & Yen, 2014; Chang, Nien, Tsai, & Etnier, 2010 ) °
Wei > Dong > Yang > Luo 1 Zuo (2014) DIUfsER=CIFsEEbic AR (98 A% 22 fir »
52.1 5% HEENAERLY 14.6 4 ) BAPERI4H (W2 AL 18 fir 5 FEl 54.8 5% 5 ¥IUESN &SR ) AN
JEERIHRE—EME (functional homogeneity ) 2~ F A ZE R HATISRAY R EL - ZWTFERR T2l
Bt RS-MRI AgofIoh » TR E 4945 F2 (attention network test, ANT ) o 455383 - AHEA
PEHIAE - ARG M S E R MR (right post-central gyrus ) (BIfFREZAS R ) EIRE S HI)S
R — B BUR KRB EGA BN R & 2K B A E VR B EAH R ARSI 5 Btk > Kz
4H tr 22 2R AR (AT [B] K7 /E & (left anterior cingulate cortex )EBiLHEF 4 MHI R E7/&E & (right dorsal lateral
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prefrontal cortex ) CGEREIZEHIHRANGE ) FEIREYERAYARERE LI —2iE - HIREUR R (b
TEREIIHBEISEAEE o RO ET S5 ELF/EEE IR — B ERIRERE A T
M ANT {ESERYRRIR - iE hah RGN T A RZR ) A (eI M 2 F AR B2 H SRl B K152 R )
RE > TRREAROESRBIE DRI - BRI R A T RE BRSBTS RS T M A
HYEE(L - HET S B m i A SRR R IR A A G 1 -

= MBI

(—) LFfEsE, BRI

B Lt R U 2E EL B4R H#ETT DMN EE574h » Voss, Prakash %6 A (2010) =HiE—H D E A5
BaSEF /1 AR OS2 IS DMN ~ FEN » K FPN S5 A RS ThRE M s S 4848 i 7a s - HL
A o (RS R EAE IR HA B H S R S RS B MR HAE RISk thReE 2 81k - %
WFFRLFASE 32 AFEE NBL 75 ZEFE N > DI G =URFE T A7 R A B S EhaH B fal - B
AfEEEEEGLL | S OMThEESISETT - MiEmIAH R DA E S ABRE R T Rk FE S P4 -
FrE SELE YA ~ /- A% 6 (B H » RS Af% 12 {# H #:7T RS-MRI 74 - i AbTsefsd - 14
TR A B = TERE A B (Andrews-Hanna et al., 2007) » (RISLeZ 098 78 &M TEDRE(E
¥ DR ABSThRE B TIhRE Z Rl (% -

£ RS-fMRI 455855 - WI4H AT A 6 (B 5 IR BT B 25 - A0 A 12 {E A 1% FEEA
Hl4H - HE MG EEAE A BE T DMN B FE thasimsst: ([ 5) o SRS R OiiEaes| 4t
AR Ry EEERRZE  OAEAE SR FE 4EFr 12 (B ABFR > A nRE AU HERTEE - THEE
T BREE R 2 KIS ThaE s NE - BESTEENZ  BEALLHHEEEY ISR - 4B A 41
bl DMN B FE KfS4g4% 2 sttt » BkE B RS SEIEGET e RISThREZE - Bb4h » 128
RET AT a8 > KASThRE EAE 1 BI I TIHRE R RE - BURRETH KASIhRE HAE 1 E B F ANHITINEER
THEE By EE AT

as 0o
8.4 (1]
83 o.r
. |'|'|'|'|:|:|:|:|'|'|'|
2 ‘ II|I|I|IIII ne
: (i
0 2 | | S 05
[ ] 128 i Fiam
MM A RS i AR

B 5 BHRESREHBEABEEZEZLEE

it BB ACRAE AR ORI S B (e - BEE R/ p<0.05-
7EIE - DMN 484 ; lE : FE §94%

AEF#EZEASE > Burdette £ A (2010) HIFE B R[ERRSEIKATERET » W33 O IHTIRE B1E
E[elohasEaE M 2 Bl o s TETZEIHE5E 80 fi2 70 £ 85 i BHEA > DIBEHE T IRIVE ST 7 B
SEETEBhAH B RIAH - BRI ADIEEEEST 150 S8 BTheEsISR f T o izefIaH A DL
RS eSS E AL JE)ISR (stretching training) £y o &% 4 {i#l B /1 AGI%R% > RI&H R T ARSI
JiE (cerebral blood flow, CBF ) Hil RS-fMRI 2 &}l| - CBF HY45 58537 » M HAZEHI4H - 5 EE)
KA O @i A B s A ISR & - 10 RS-IMRI 4552 AISEET - AR fEfi4l - S S84
PR [ RS & BT[] (anterior cingulate cortex ) 7 [EJ#e = AN BHAE 4 H4S o FHIARIFIFHASRIEE
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AR CE R JBEEINE (EETTRHZEMEET]) SFEBHE(LEEE KR (Raz, Rodrigue, Head,
Kennedy, & Acker, 2004 ) » JSIEIHFCEE I 0] {F F SRS EEI A REE ARSI EAL - Frale RIFEE
BZEfRRE 1 2 S -

BESFEN » 52 GREEIRECE RIS G TR S - S EREH - B3GR
AR MK EEY) (extracellular neurotrophin) AY4:¢ (Neeper, Gomez-Pinilla, Choi, & Cotman,
1996 ) » BlIanFsE M 4% 72 & N+ (brain-derived neurotrophic factor, BDNF ) B84 K+ (nerve
growth factor) 5§ o 3% LA 2538 K1 o] B HEZS il 4 T ¥E M (synaptic plasticity ) » SARIHCGERY
H1ThHEE ( Creer, Romberg, Saksida, van Praag, & Bussey, 2010; Pereira et al., 2007 ) - “REYI L » 1#a%%%
BRTIURHSIREEIE HEABE - 22H12GR - &L IR IS 2 EF A NEREFKHS BDNF 2
&+ TMERRE S B & I 4= 88k (Erickson et al., 2010) » BURGHGEH) - BDNF ~ FORRG{ERE 2
REERE - Voss et al. (2013 ) #E—THERD S Ol ZEAE FTHEFF RS-MRI 2 &5 » 3% 302552 ] BDNF
FEFHAEHED © S50 - ISR IMER G FTIERZFF (Byun & Kang, 2016; Driscoll et al., 2012) >
B EBYE S ER T A RS i a8 BRI Re 2 M 2 — -

() K EafH e 5 EHE 4R
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= RERHR

(—) LFfiEsE

Colcombe ~ Kramer ~ Erickson Z£ A (2004) 2 & L TB-fMRI By [a)fE5 O fi B AE 20{r] 52 28
(B RIS THREAIIAE © S I9e 57 B DAk = Blde B X R B Bt s T T ge - 8 — > Mf5ld
BT USR] 41 R EF ARV O - WAEThRE IR IS m i IR S T e B ST 55
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e LS I TR e S I HIRATRE ST » LhE — B E B R R B B S A §H SR R B 18 (Y [ FE I
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In this article, we review recent findings of the effects of physical activities on the aging brain and cognitive functions,
focusing on functional magnetic resonance imaging (fMRI) results, including resting-state functional magnetic resonance
imaging (RS-fMRI) and task-based functional magnetic resonance imaging (TB-fMRI). Moreover, the present articles
explored both cross-sectional studies and longitudinal studies that examined the brain function alterations induced by
physical activity training, which included cardiovascular fitness/aerobic exercise training, Tai Chi training, resistance
exercise/weight training, and coordination exercise training, using measured amounts of physical activity as assessment
criteria, and taking into account cognitive-related physical activity responses. Results of these RS-fMRI studies showed that
older adults that engaged in cardiovascular fitness and aerobic training showed evidence of increasing brain functions.
Furthermore, these positive effects also extended to older adults engaging in Tai Chi training. Also, a few studies focused on
resistance exercise training; however, the results of these investigations remain inconsistence and thus will require further
confirmation in the future. Results of the TB-fMRI studies indicated that older adults with higher levels of cardiovascular
fitness or those engaged in cardiovascular fitness training combined with coordination training, have gained beneficial effects
regarding brain functions. Specifically, the positive effects of cardiovascular fitness could be found in both normal and
pathological aging populations, including older adults with mild cognitive impairment (MCI). Older adults with higher
amounts of physical activity benefited in their brain functions more than older cognitively intact adults, or those with a high
risk for dementia. Collectively, the results of previous studies established an experimental basis for assessing positive
relationships between physical activities and brain functions, revealing that physical activity approaches might induce
different improved brain functions. The consequence of these reviews provides physical activity prescriptions and exercise

models relevant to improving brain functions for older populations in the society of Taiwan.
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