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(cognitive remediation therapy, CRT). & 28/
) #4  (repetitive transcranial magnetic stimulation,
rTMS) . £ /i B Ji M % 3 (transcranial direct

EA) 697 . A A i8 31 (aerobic
exercise, AE) MJGJT (light therapy, LT) 25+ il
HIE PR UESE S B AR, DU A PRS2 e it =%
FEZR (1),
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%EEE&% i8Iz QPATIIEE A AR izl OEEN iz h izl OrEh HIETE R A
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Fig. 1 Core mechanisms and intervention framework of non—pharmacological treatments for cognitive impairment in

schizophrenia
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BDNEF: JRIRVEMZEEFRINT 5 1 TMS: SR ZLMER; CRT: ANAIGFIENR)TY; AB: A%izdl; LT: JBJ7; EA: HAENAYT; tDCS: £

EC A MR ET SR RIITEERLE], R GRS S 2 Ik RAIE .

1 JNENFFIEIBYT (CRT)

CRT J25T X} SZ B & N FN R BE 1) — PG YT 7k,
T Ao TR A N R R R T ) R U RN A Ak P R
I3 ARG CRT &M “4RFIZE”, 4RI EAL
fbt N F B IE 3R J7 (computerized cognitive
remediation therapy, CCRT) &k @ik, JfH
AW s, HikE SZ NI Re B E 555
CRTAH, {AH 5 "%, CRT & SZINFHIIAYT
T BT e AR SR R R IE T i iz —

& 45 CRT = EAK 4 i £ A H B IE 3897 0
(DUERR) FRRINZR, HAZ O IZ N A RE TIAM
RiEME. TAEEZIIZE (Win-back {£55) FIHATE)
REUINZR (g i e & R R 43 250 (Wisconsin
card sorting test, WCST) FLUAE55) — KA,

BB IEL LY AN e 1= 1 g 2 I 27 3121 - I e N R =
A ERHE I o e B Y RE . A
T, CCRTTEMER Fifk— DAk, AMUE T
S 78> N Y & U A ) S I RS 8o
%, 45 BRIISL (virtual reality, VR) #1538
Yy R SN RN B, [k A i AT 55 T
% (AL S BN AT 55 U040 ) Sl AE ) S i 4
AR, SEPAZE AT SR E [ SR AL T B 1 5 R 4
R UIZRIA R, DUBTESCGE DR R, ik
BEAL S IIRER IR FEE T, CRT X SZ B AT
DIRERY B R, AR Z I IS . T WCST Y
PEAG S B~ , $5:5%2 CRT T Pl e SR A7 T g

B R R GEaE EGE 2 g SZ AT
B B Y REAIL B S E— DRSS, 7RI
RESETH, W34 H (bR CRT 110 b FLAY
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WOl IR SR IR YT B A Ak 2 Aok, B 0T
AR & &, CCRT 2 # W B I R 1 FH AR 34 .
CCRT Al 203 SZ B E KRG AICIR A, $RTHNAITIRE |
FoTIRe A TR, I BB DR A
AL CCRT N HITNRERGE R & 22, S, A
5 T CCRT MIFEFIPLI, CCRT fEfS b 2 2k
HVE SZ B F BRI RE At 88 Sy, HACRE
FHRAER 2907, X R EGE PT BB CCRT X KAk
VIS R JB % BE I e R G . CCRTAE iy —
AR, BENS B E SZ B E B HI T
REFIBHMEARE IR, FFrT BEa A 4 oo e o 40 ff it
BT (glial cell line-derived neurotrophic factor,
GDNF) KV R, (AT ZEE B A R
FRIAAEBE S R E, 45 R0 8 % 0T g

R0, 5346, £ CRT 5 CCRT (Y7 5% tL A58 R
UEB] T CCRT F1 CRT ¥R i 3 00518 P SZ & 1)
INHITIRE, FERIAEILIC . PUTHIRE . Ktz sl
HEE 5T, H CCRT 7% [RliC 42 J7 1 4 CRT A 1
e, CRT7ENG#iz 3l J7 % CCRT A L% 27, 42

TN ) T TS X AT R A 7R R e M ol 2038 B T L
Wl (EASETER R, CRT By A Y i1 FLERET
T AR BB . 5 XFEAF SZ 3 AN iF
FEE—2LP T CRT W1 FHulE . MRAE SZ BN
M IEMBEE R, % KEIH R CRT 4
MeAE SZ A ATy, HHEm 2 R4, Ju
SEAEUGE AT DR 1H B i ) 2

H A, CRT MR Mgl H T4 b s i £
INFIDIRER E MR IRYT (1), CRTFEME SZ
AR T AR, JF HEA R4
AT R P DL B ER R, CRT 525985
IO AT DAARAS B s R TR, T DA R
RAFHI D, el R A S D RE AR TN T
it XEZREHTEEGINIT YL, rTLUnE &
X TR AN R T i, B3 B A
BRI L BRI, S R 3 B A 7
Hy. YESH ARSI B . ST MR HRAE
SERRJE AR AT L RS A AT IE T
A RERCR AR SZINHI & B FE R T 7 1]

Table 1 Effects of cognitive remediation therapy on cognition in patients with schizophrenia

R1 INMFBFEBRTT XS RIEBFINANEI R0

FREL ) FEA /41 BN R
121z E=Wal PAT DhRE
AR, R84 180 ) NA 1 [27]
S, R H 126 NA NA 1 [21]
SO, FREBAH 104 NA NA 1 [20]
TR, FRE8 86 1 1 1 [23]
AR, FREE12/8 311 1 1 NA [24]
SR, FEEE128 120 T 1 1 [22]
S, Freke)H 120 1 NA 1 [25]
SR, eS8 40 1 1 1 [26]
2, FB12H 34 1 NA 1 [28]

T MGE; NA: WAET),

2 EEZMuERIE (rTMS) 877

rTMS J&— MR APERG RIS AR, GBS IH Y
BIRUL Z XGRS R A E]
FARY\H bR ARG 2 2 (2, RSy /W, il
AR IS (Hz), ] Be< = A AN [l B 3
o WFFEAGIER], S TMS (55 Hz) #4711
rTMS B B4 A PR . 43 rTMs (<1 Hz)
RO R 2 R BUR 2] 22 2T Al wif
i |7 )2 (dorsolateral prefrontal cortex, DLPFC)

P 5 V% 2 SZ 1 — > 13 JHLAE B AE WA R
SRR AR B AR RS AH DG Y, DLPFC LAY
rTMS 1] BE2 SZ N3 1) — RS AE TR T T o

WIFE RN, B2 A TMS J4YT 1Y SZ & 1)
INAITREA T & st B, Giileken 58 ) 47 T
3 4 JE A BEALACE O BRBIFSY , WF9E B, XL
il DLPFC #1720 Hz rTMS i 55 7] B8 23 05 1 &
J1. FETAELIL, DARIRTHE TR0 R
BB AR A HTHE A B RE T LA A BAC RS, HE
X SZ A ) — L AT I RE, AnitR) . R
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WEEIE R, B e A G B R B AR AR Y 52
e 2 oy —TREEALS BRPF SR BT, 10HZz rTMS Bk
G EYNRYTT A BT RS E E SZ R 1Y T BRI A
TTUIRe B A, (U RO i A2 B 0 e R A
B ©¢T A5 BF 5 X A2 ] DLPFC #4474 J8 19 20 Hz
rTMS 3, ER AT LGS PEA T iE £ 58 1Y SZ 58 &
MIAFIRE, JCHUZRRIHCIZ B LRI
BEXf DLPFC Y r'TMS BEfE . 25 24035 15 & SZ A 1Y
R R T, X R AR SSRGS Y 138
I FH 5 TR0 R S, AELX I T AL e
FERIIANHIIEAS T H, JoikHf 5 rTMS X HAB I H145
S EASZ I Y BR T R DLPFC, 3 A W58 )
WA D HE %5 M- 2 )2 (orbitofrontal cortex, OFC) ,
5 HEW], 1 Hz rTMS X8 & SZ 8 11 R AE IR
NI T REA BOGERCR , (AR BT 5T h s 2211
B, rTMS BRI A E G5 SZ AT RERY I &
5inyr aF s IR IA M 2 £ (Measurement and
Research to Cognition in
Schizophrenia (MATRICS) Consensus Cognitive
Battery, MCCB) [#ar A 2R, fEHAA
A (anAbBREEE . R TARICIZAE) KK
P A 2= 5
BRSBTS WEE S rTMS X5 R AN 4 1)
BEER, AHIA IR B e Btk 7E i
5N RS PATIIRE D T, — ORI
(%) 22 v 58 oK BETE I i 4 r TMS 7E 2l 35 SZ J8 5
INFNZNRE DT T B e, BEE W EHER, &
rTMS 2H FHE ' TMS 475 2 A A RIS AT T il
1M rTMS A 1 2 i e 34 1 . Mittrach 55 1 4%

Treatment Improve

32 44 F E WG AL 20 B 2] v TMS 300 354 41 0B i
rTMS R 75 2 B N %52 109X 10 Hz 'TMS, - iR
PRAHAE RGBT S R ASE , IR PRUETA K AR 5
Ve B R . PR AESRATIIRE L TEE
MEIE SRS I — RO ISR B, SRR
TEB ' TMS IR 7RI A B (A5
R, XIS T I AR D T4 6, XAl
RESEP A2, 38T R LIS i e i & s,
7 24 A LB RN o 5 A WEFEAE IR R AT SZ
BHE PRI, 1 Hz rTMS FHERI ' TMS 275 7]
52 PE R P 220 R ST 35 (Repeatable Battery
for the Assessment of Neuropsychological Status,
RBANS) S FIRIECIZ E3RA W52 5, U
rTMS X ZIANF DI RE R A B 2, Xl
H T AR LSRR AN ] S 5

rTMS JoSE AR 22 25N, (HAFRBFFEA
WSS 225, HXF SZ JE I 045 4 114 i
hFe Bk — LIk (F2) . XA P JE AT GE IR T4
WSERI 2R VAL T R AR 55 1 R R
PELUR BB S rE (B h B AR I .
FEERREZE S, LA R IS A RE LA 1
AR o Bl 4n, @At (10~20 Hz) 30 3 2
DLPFC AJ g i izt 58 55 J5) 5 % Ay P 28038 i 20 A R 2
AE,  TRLY T R U ) e e AR A2 Ay ) T RE A
P28 AT S AN B 2 R A e v S BOR Z IR
TR SZ A FNE Ik SZ H A X rTMS 114 521 7] REAF
TEZESE . AT B REACRIEOT % . KR EA
H e Z VAR Rt — LIRS TR, JFRR (TMS
5 HABTBF-BEREALE], LA A AR

Table 2 Effects of repetitive transcranial magnetic stimulation on cognition in patients with schizophrenia

K2 EEZHERIET SRS RAE B E A BRI

25 MEIRS FEA S/ BN EEBUN
827 HEN AT ThRE
JEMDLPFC, 10 Hz 101K/2 32 - - - [41]
JEMMDLPFC, 10 Hz 15UK/3F 156 - - - [40]
JMIDLPFC, 20 Hz 15 min/d, 8/ 54 1 1 1 [34]
JEMDLPFC, 10 Hz 201K/4H 96 - 1 1 [36]
FIMIDLPFC, 20 Hz 207/4)8 21 1 1 - [35]
JEMDLPEC, 20 Hz 209K/45H 60 1 NA NA [37]
A MOFC, 1Hz 207%° 89 - - - [39]
ZMDLPEC, 10 Hz 207%° 150 NA NA 1 [38]
#{MOFC, 1Hz 200/4)H 85 - NA NA [42]

- TR T
GRS

i NA: BWA4E3); DLPEC: FS4MUFTAT i 2,

OFC: NEHN K2 . WAL T IUn iy, RAR S AR T
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IR
3 ZMBERERIE (tDCS) &7

tDCS Al 1 7 Sk f 9 A A 5407 s B AR
PEAR AR F, E PARRE (1~2 mA) EWH, X
PHAR T 19 B JZ A ME A, T BRI 1) g S e o
HVE R, AT SE B IRk b 2838 s IR /EH
IEAEE, tDCS M SZ AT RE AR S 58 tAEAS
Wk

W52, tDCS H rTMS i i 3 i DLPFC 1%
S AT REA SGE 1B H A BN AITIRE, Jfis> Sz &
HAEREE Y JCHOE X TAR A2 elcs . 78
[ SZ B h AT I tDCS BF9E B, 10 IR YT
J5 P ELDCS 51K (DCS TEN AT FIEE R s TG
BEES, A2 55 E DCS 278 5 2L H it
FHEHE, X— AR E T DCS Al REXFIAHN T fiE
BA KRR, ESR2 i il BE7E 1697 )5 1
— B E] YT S R G AR HA A 5 P
BWMELH], XL T DCS 7 REFEIRYT 5 — Bt a]
P DI REAT B s VR FH WL, tDCS 1] R ik
S 2 ] YRR R R, LR TAEID
5T e

J35h, Mervis 55 8 FEZEAR v 45 T tDCS FH
AR RO T A 8 f 3 3 0 A AR e D A /N
WE RIS , T PR O A T Al 2 A T BE 0/

MIIETRONY, . —WOE . BEAL. X RERSS, ERT T
ZERPAI B DCS 1] DL 25 8 SZ fE 3 A AE IR ™ H
R, IRTEIRIT G 4 N 4E R X R RO . 1A,
tDCS IR BEMS i35 f8 5 10 TAEICICERE ' 7 —T
TSR, SN 317 i 45 tDCS & — A 4%
AR YINGYT I, Re% B 5 ek SZ B iy B4
FEARANTARILNZ, (AT BB A A S5 8 1Y
e B A RS G T A2 DLPFC Rl 1
[7 (superior temporal sulcus, STS) PFHARHIELXT SZ
BER, SRR, AR BHAS R 1248
AT AT SZ £ 38 BRG pfoiog M R ™ AR AR s e . {HL
ZEl DLPFC 472 BHH% tDCS LAY H s, 7EphZA
ST R R O, T AC M STS 4237 B
tDCS A B R A BT =

LR ERTig, tDCS AR —FAEAR A IR
A, TEHGE SZ B F NN ZREE K Ty wos T
g1 (R3). WA RN, (DCSAMLAEH S E T
YEICHZ « R AR O IIRE, o AT AEi I Y
DLPFC i 8l A RS A M PR R0 . SR, 24
HIFRAP A AR — L8 R PR . tDCS Y AR S5
i AR AT B A AR A A T i 4N, B
Vil #E, MELA e TR T o e etk . R
R B9 e 2 ik — 2D WS 2 tDCS IR YT 1Y et
548 Y R RIAF SR IN ], O A5 22 B A AR I BF 50 1
NDCS 7E SZIVHITIE EfE .

Table 3 Effects of transcranial direct current stimulation on cognition in patients with schizophrenia

R3  ZFER BRI S S RAEBE AT

HEZH HEEARINIS FEA /45 EEES EE BTN
iz EN=W} AT DI

NA NA NA 1 NA NA [44]

NA NA NA 1 1 NA [48]

FEME3, BIMFp2, 2mA, 30 min WIR, 14K 49 1 1 NA [47]
FHMF3, FAHF4, 2mA, 30 min 1%/10 d 56 1 1 NA [46]
FEBRF3, BI#%Fp2, 2mA, 20 min 107K/2)4 45 1 1 NA [45]
FEARF3, BIHCz, 2mA, 20 min 20%/5 d 19 1 NA NA [49]
FEME3, HI#%Fp2, 2mA, 20 min 15¢/3)8 50 1 NA NA [50]
FH#ZF3, 2 mA, 20 min 20%/5 d 43 1 NA NA [51]

T B NA: BCH$RE]; Fp2: AUNEEM 2 F3. ZMHAMIETEIT K2 Fa4: AMRESMURTEI 2 Cz: s,

4 H%t (EA) 897
EA JEEF RITIEB—F, W5 o 3% S5 5 R AR SG

o UL o A B R, AR
FRE AL, MR AT BRI R T AR 7
P . TR EC TGS SZ
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9 RWI, EAYTIRTEE SZ B N hE
A MRS E A, A TR 3 22 4
Erh PR ZHR RN, BEATTIEANUE
RN HZ R A, SRS WD) RS
PR B SRR . RN Z T, B R ERE SZ
BF, LE IS BA T AT 3% $2 7+ MCCB &
o3 B FEPATIIRELESE I, ZREHSE Y R EABE
ArTIMS T %, it WCST AL &K 8. M4l
BT NI LA 22 R, IRIT AT AL
FXEHRA . 7Ef5 BAC PR B S5yEE O m, EHxd
P300 J& 73 B 9T o, A ERER 5 BEA 4697 5
P300 7RI N2 A1 P3 4550 R A i 5 4 . 9T i
ZAF A5 . EATENGE SZAEIR B[R] ] B G- i 31
TINFIDIRE, BOR 2 YRTTITRCE A B FEil
fCINREJTTE, AR TR (theh) Bk
A EATRITIEHGEMEATE SZ B E et b oAl
SAETRTT ARG 5 3 = B REALXT IR 5T i
— BB UE EAXHCAZ I RE M A E T o S5 R A,
BT 6 )G, WiZH RBANS P4 TIAYT T, HAF
S TRIRA, ZRHA5E L VLR
R, JeSHSEREA EA YT IR SZ i F A M
R, oRCE G YR A 2208 9R 7 (brain-derived
neurotrophic factor, BDNF) . [RIZEzR . FHA

R-6 KV, HARIMA RN, et =,
X 5L —3, BAIRYT W] LIk SZ & 1
INFIThRE, RH RO . EAIRYT A HI R %
L BDNF /K-8 i S IE AR G, X 4% B BDNF #]
REVE N EATRYT IR NS BB braEd 7 BRIt
ZAN, RSk, AW E X T EATRYT M EA
1565 EC A1 Ik e El, TR 0T SZ B TN N T RE (X S i
SERRAEN], TSR — EAVRIT IR R AIRYT,
RENCE SZ BE INAITIRE, (0 EA TSI ik v e
AR ZE T 50— BAIRYT Y

BT, BATEIGR LR 2, HikR
N C R B E IR (%4). HhE &7U8
FHIAEZAIE S, HHHA A, W
I T . FER AP TR R R . i
KX TRE SER I SGEAR G, A, MR
F A AL IR R BT ) G, T B AR Al
FR TR A2 1 R B S R LA AR AT T B bR iR
W, DR ULE, EATE S Y2 YT
TR I AT 3 5 22 2 R AL 2 ek
2 HBE RN AIIEE, S SZ VAR 53R
JPRAL TR AR . BT IR I RIESE A9 A FL VR
i, HEFERE EA N A SZINHIEE & (AR EAL IR YT T
2, VENYTIRNA AN T T B

Table 4 Effects of electro—acupuncture on cognition in patients with schizophrenia

F4  BIHATT XS REBF NN

25 Eegedinl| FEA &/ ELE N EE BTN
ifizh R PATIhEE

Bz, BEE. #HEESS, 1.33~1.67 Hz 24T, FRE3ATRR 64 NA NA 1 [53]
By BEL. WK FHIT, 1.33~1.5Hz SR, FRE6H 86 NA 1 NA [54]
H. MBS, 20~80 Hz 3, Freaf 61 1 NA NA [57]
Bk E 2R EE RS, AN BE 100097, FRESBANTRE 60 1 NA NA [52]
R F2/5, 3.33~5Hz

Haxy BVELL BUIKFEZT, 1.33~1.5Hz SURIE, FEB6F 80 1 ) NA [56]
Hey KA. ik, &%, KR, 20 Hz 6K/, FB3AH 98 1 1 NA [58]
EPEL. K. R, BHER S 92 1 NA NA [55]

T PR NA: WAEET

5 BEIEF (AE)

ORI Z TR R IN, (KEREAE R —FhEZy
WRGITIT R, AMUA FI T30 SZ 5% (Y B A g
PEAEIR . INHITIRE . AR R AR S IRE . A,
AEA TG SZARK 1 By PR RE I A, 4%
THPUE MRS RIVER

SETIBFth e Y, AR RS
/N T AEXF SZ ZAEN IS RERI A A o foeil— T
R HTIER] TR BT SZ NI T RE Y i AL
R, JFH HETARESE R Y], AEXTSZ B FH AT
RERCERCR o W3, PR s, TR
FIAE LN 0 X5 55— IE AT 45 1E
—H, AHMETE AT B AR SGE SUS A A L
=Bl RIEFDHIN, AEHEIE | FEE A
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WbE24 IO AE R B B e A B, W TAEIS
12, VBTS00 WA RS L K2
WA RO O, SRS Y IR A R R
FEN, S A H R Th AETR B AR TR AT I 2 R
TH18 1 SZ B L IZIRE . SEIR 41 7F RBANS
FH BN ZCAZ FNSE R OAZ M i o2 P it i 2 T
SPHRZ . X — & B Firth 25 12 (252800 M8 i B
WE: B8 TR T AR o &5, o TAE
IS ERGE L B E . AR ESIL L
NG W R B TR0 A s A N T LRI e
A WB BRI R AT R, WRRSE T2 i
Sz 58m
FEPATIIREAE RS, SN 55 ) X B & SZ
AT &I, 1 hvd BUEE AE {F WCST it 2 3t
WEMHRES . WA, FRENN, XE %L SZE
HAEH Y6 T St PR EE AR T, 7F
— B LA B TR CE RV A 2 D R YRR
52 1%), Shimada 5§ "' (5T B 7EPEAL AN A A1 4
AEX SZ B E AR LE G Rem . b A T 98 3=
B, B2 A RFIAR AE (9585 0N NTESh

B ORI BR OC R 7 A s . bi)s
W HE—2E PRl T ARSIV SZ B AN D B3
Wi, AE 217 A NI i 45 A S AN 255 043 1)
MR T 2 . RS TEAE s AL 22 A BT R EL g
INFDIBER AR B 25 (s sl T
FEARA Y32 s 7 BACS W4 FaREEH £ 1), —T0
BEAILXT BESC K 126 44 SZ A FEHL A My e ik B AE
A (R B AB+H IR YT ) RN IRl (L fi
BAUAT TGS+ HMIGYT ), AT 12 AT, R
FIMCCB VA A HITIRE,, 45 FE B s s 5 AR Xt
INHITIRER 35 s
HATHYZE B0, AE X SZ B # ni A Thfie

MCEMER (£5), B, AESFEENE—FhE 5
THEHEL Y Bia T T8, A8 1 SZ B i
RIGYT TR . (A AE ., il Fhiz ghom
JETIE & Tl SZ BE AN, B —P
Ko AL — 2 KA R, 7%
AR R D, JE—E 8 AE B0 SZ FRE A
MTIRERIA A A LR, T SZ IR IR H it
2R UBEAHE

Table 5 Effects of aerobic exercise on cognition in patients with schizophrenia

x5 BAREDTHRNERS REBF NN

Fra (] FEA /41 GER EEBUN
112,77 R PAT TR

1 h/d 80 NA NA 1 [63]

2K, B2 126 1 1 NA [66]

NA NA 1 1 NA [62]

2/, FEBi12H 32 1 1 1 [64]

2OV, FEBLI2R 3OV, 2R 20, Resi24)E 40 1 1 1 [65]
3, RS H 40 1 NA NA [61]

NA NA 1 1 NA [59]

NA NA 1 1 NA [60]

T BGE; NA: BAERES,

6 3tfr (LT)

LT 2 AN T8 A SRGIE, 38 A [R] i A
N TR 5 B 1) DG4 B B T6 2903 1 — R 3R 7 7
B, BHARMEN/N . ARG, et m I
LT £ SZ 5 iy A 0 B 15 v A i R AT 4 T BF 5 i
B MR N TGRS . AR, — L)
AEIRRFE R, LT il X EEE SZ o i B
HA WAL

Aichhorn %5 ' fi T — I ¥F fl;  (bright light

therapy, BLT) V77 5% B WAY SZ 4 1922 4 Ml
M Z s . R T 1hvd, 5408, FFeka)H,
10 000 Lux Y38 CY7 1A XT 10 45 SZ (B H #4711l .
AT T HL R FH A R IR & 2% (Positive and
Negative Syndrome Scale, PANSS). W53 k8, Ff
B E AR, AMEREIIE B NGE . HiX R
— AW SE, A SRR HIRAE S
XTRRLH AT U . O 204, R it —
M KB RIFSE R B 1E BLT 78 SZ B MR R VA T Fl
INAITIREH IR . Roopram 45 ') k4 BLT [
R A AT A T — 1A %R B oE . WFgsh T
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A $EZ 5 000 Lux BLT+HHLIAYY, WAL HiEsz
WHLIGIT o WFFTBEA & B BLT X SZ 114 BH % A BA
SR B, I EMFR N AR RIS . SR
M, EfRFEEME, G TS, PANSS (X~
FHRVFAL SZ G IAREIR ) 1) —BORS fif g E 2 1 3%
AN, FRUPKEHOER 0 SRR R
FERXIHFE T, SRIGT T AN SZ 7 A= AR
AR TR AR, T E U — 2 5T
HAINIX L Z I, Kheradmand 45 7 BF5Y T {IR5REE
WOGIAYF (low-level laser therapy, LLLT) X8
SZ BN Y RERENT 0 A %0k o W98 R HH 81 2 M
MR SR A = (Mini-Mental State Examination,,
MMSE) fiii#e NS RERR B, R H] PANSS ¥ 7€ i
F AR PEREAR o 17 44 SZ Ha 3% e BEHL 53 ic 3]
BITA, 15 AT BMBAGIT XA . 2l H 28R
T LLLT =k 28 B0 A5 SO [F] 28 AU 1 2k 25 3 /AL
WL, ek, AR KM, 18k SZ BEEZ
LLLTIRY7)a, BARNHIDIRRREAT . BHAE RBP4
RIGTC s, (HEAAR/ RS TR R A 6 17
TR s S S R 0

TE—I Yl h, WF9EE X 18 MK-801
b 3/ B TN A B B ] BLT AR A CF
(clozapine, CLZ) BK&VAY7 . CLZ Fl CLZHLT if
SR T WS M MK-801 Ab 3 /N BUZE AT il
WA BRI, F CLZ+LT 1935 2285058 1 il fdi 1
CLZHK, mHegez/Pb2 1 " 5iAs kM,
)4 #1 BLT Sl 4% 1T 218 P MK-801 175 5 (1) I\ 0 it
o T RAF I 3] BLT Xt SZ AR SIS it/ R A
INHIBERS B B E A R 7 i — 28 I HL A5
7R, LT 0T GE 3 TR DX b 58 0l 3 58
fisloRE DG HE F TA 2RaA | 5 BDNF M AR G 5l
BEATIEPE | AR D AR I N G 5 D i 28
Az DL R D p 2 50, B SZ /N BRI RN 45 4
HE—2L W FHLRIBE S R, KIILT gl i ek
2 M MK-801 175 5 A9/ BRI , 2l
15 BDNF/p-CREB/p-ERK {5 5l i S PLIK , T AE&

WS T 525 2 FEA A B 4 F-HLE] AT A
BRAG r= A F AR e

LT T SZINF i R AR A R, B
HWFFEAAEEAR /N (UNFE 6 T REEAR HEY 32
Bi), HiFEASMEA R, 5oL s fA7Ae
EABE, XFESARER T 2. B,
SZ ZWERL (INMK-801 F255/ ML)  FRERCADI A 43
N2 /N ED e = | DNy N[ E i R RSB RS NE
20386 T R GERRE AR AT HLR] Y, i AR -
SR TN £ 11 S 1 e X LA A sh A 7 v 5 4 FE B
HWR, SR i A S A B —, o 2] ¥a
D% LT MW, WA vz A=, A
MR, SR 2 R IR, HISS T LT i
— T HRN 1y AN, SR LT 25k (g
B2 WHC L BR) HImRSEERAAEZE R, ansh st
555 FH 3 000 Lux 58 % 1M i K 2 2K F 10 000 Lux,
FIRESZ IS TR AL s Bn, B SRR E &
BB (g 1) b7 T, AR A
SARYT IR Y B S

LT 1 b —Fh B e n] S0 vk g8 4 08 1 09 A 25
Yyris, wlaEat b iH BDNF/p-CREB {5518 /% . 2L
M P2 R AL, Bk SZ N e g T
i EE AN N SRR R, R T (a0
HAY) ATREHIR LT RO, AR AT L 24K
P LT THEnn 2= A W2k 7 ], X
By BEHC o 0 A 22w PR AR T R R Y. R
EF sl m e A, R AENXHE LT Oy k7 7
W, FEAmIREE TS . teAh, T i
SRR SRR (A5t BAMERE AR A PR A £ 0
PORIRY) . B LT XA R SZ WAL E I 22 5%, I
%% MK-801 £ &1 LT X} N- B %&£ -D- K & 4 iR
(N-methyl-D-aspartate, NMDA) i # () J# 4 HLH
TE G PRI ST 2 5 % NMDA Z ARk (lnif,
HAAMRNKT) mdl, DR sh Y sc i sl R
e, AN, WIFRZ L . KEEA (=100 )
HEEVi =6 1~ A B9 598, K 10 000 Lux 5

Table 6 Effects of light therapy on cognition in patients with schizophrenia
R6 ST XTAEMS RUE BFINAIR N

FRELI 7] e R ER FEA /] P R
iefzh FEH PATTRE
54/, FFek4aH 10 000 Lux 10 NA NA NA [68]
fii5 d 8:00~8:304%ZLT, J59 dAHeZ 5000 Lux 20 - - - [69]
3, FEs2 LLLT 32 - - - [70]

- T T ME; NA: BOAIRE); LLLT: (RIREHOLIATY .
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ot (1 hvd, $FFgE4FLLE) BItRESHL, 456
MCCB 4t & Jz 2 B ¥ % 3% ik W18 (functional
magnetic resonance imaging, fMRI) i AK, RFIT
FELTXHEAZTT . AT BESE AR ) BB A%

7 I ESIRA YT IERIXT L

XS 2GSk S AR PR R He oA T L
Al (KT, 47k 3 EE JH 2 HUK
(N B, SO, AERMy BT R
S5) OREAEVER], BARXS SZ B FHPESE RAT H 4 1

JPRL, (HAERCE NI R RO A R, A
FRTRES | R ARMLE IR SN RN, BB E IR
JEMRONYE S TTEEZG 7 I I o Z R, iy
PR | HEaRph 2] YEMESE, XHAMITIREA B
SCEMER, HLIEUD T 2509097 vl R R AN R R
N, HAREER TG b AR5y
CRT HA 8w G IE B 2A0E s, S TR v,
YIHRE T (WrTMS, tDCS. EA) #i1 AE 250
FEHGE R A AT TR B, R s AT
Y& R YR, LT — Rl 24

A, i H— 2 R R R

Table 7 Comparison between pharmacological and non—pharmacological therapies for schizophrenia

RT RS REAMITESIFAMITENXT L

ik Bl [ Bt AT 2% ik

ZTE W HAREAT (NEE AR A XE VI R AR A IR KSR BE I — %3 [10]
Fi. S-HT. %EBAGABA ACHIAHLb: KIRTRSIRF RN 7R, DWIZN
® FIF iR Sk

P AR W SRR BERGE MR B T, IR AR (11416
G WIS (R, WAIRITI TR AT AT 5 RETA7 2

e R HIAN B S

8 ARENATTAERIXTLL 247

RGPS T T ARG SZ N eI
2R (R 8).

CRT %8 BRIA M 45 1% 3%, a4k <l
rTMS B3 TARICAZ, JEHGE TR BAPERER
B (DCS AT TARICIC A&, HFH e
WMSE EAEIE Y DR, MG
e, XT2yPpuEinvE B RA AN E. AE@
BDNF /MY, RFEUEEEFCIZ, s
TR W B . LTGRO, 7Esh s
TUPRCR 2, HHIR AT AT BE— P Ik, XL
IPEAEBGENRIINRE . RERAER | 2 M2 T R
Jr A BRSO SZRFEIRAL T Zou b iify T ik
o MBEAREERE, HRTPTTFEN IR AR
WOV IRRA L, A TMS BYZERRR000 7] BEA E
HseAeifdy, i CRT YA A H B0 sl B AT B
g 1 ARORTEBT 2 6 BE VT Y BEALXT
Mtss, LAPARGE RSN J1 24k

[l Ry O 3, rTMS JE R R AER G

ik, tDCS J& 1~2 mA KSR i, EA &
HAT RS CEHRI S Es &) . X SZ N1
PR L s I U N i o e G MR 2 B
P (41 rTMS F1tDCS 5 J2 J2 2441 . EAE T
38 i BDNF K ), PASCE AT IhRE A TAEC
fCAE NN (£8) . rTMS ADCS 3 %3 1 14
W E AT R R 2 AYE, EH T & SZ
FE B DA IR O A R s 1T BA Gl 3G i
BDNEF 7K-F-FI0E ML o3 A R AR s e 2 ] S, %
YR TE SZ B BAWTEME . S5W T
A, CRT#INEUT S48 K BRI
W2 s:, Bt AR TOIRE, AR &R
PHUEEE ke, G T8 SZ 8% . AENE T2
38N 5 54 R 58 1 BDNF KSF-, ek Th
fie, WEZAT, XERERA S, & TR
Ho LTHER—Fh 4B, e gk IR G2 o b
2R YA, $E S BDNF SOHAH AR Sl B e b, I
B RAE, BATERIG RN HANE, (BT e
— W UE R



2025; 52 (1D BERWR, % BESRER IV IESIEST -2781-

Table 8 Comparison of various non—pharmacological treatment approaches for cognitive impairment in schizophrenia!
RS HEHSREINIRG & RIEAWIRTF R
AIT R VRITUNE B EEE A AU Wil JEL RIS (8] IR RS s 2% 0k
WEIZR  CRT  id1271. BUTDIRE  REma R K pp 2 al 201 Big GOEHE RaiEESRnmE eresmazl [, 19-28]

H

Fres~12/)  E TS iz — i B
WAl rTMS XA S A W RN Y A RS @R BRI HREHRE [12, 33-41]
71, B REA LR M) B PEREIR 9 32
—H ) ey
tDCS  fZ71. BN NMDAZ AN Sz Bk (5dk WA TT EREEBL [13, 44-51]
Ciplis M) FH PSRN 3
ey
EA itz R BDNF/KF . e 5 @Kk rhiiERGEE Asiart (14, 52-58]

TR 5y A M) ey

WomiE S B BE GEWHRE ERBNGT EHEeaR [15, 59-66]
BDNF# 5% 0% 12D I
ATRERHARI TR ks e B, fw hE @HBLD FLH 7
WifEZa b, {HIEYE BDNF & A 5615 5 8 %

IR TEVE, PR SR

VA TR AL, AR )5 RN B A B s CRTEEDE Pk K 800 WL SC#ik [21]. CRT: AHIFIEIAYTY; rTMS: =
2GR (DCS: LW H Al EA: MENAIT; AE: ARassh; LT: b7,

BHFW  AE  idi2J). HEE

T LT R MIRTT [16, 71-72]

PMEIVE R % SZ /B 3 i T RE AT BE 2 BH .
T EA 875 BDNE K 0, T rTMS 18458 B 451 - -
gy 2 A DMNE T RRIE W Kae L 5T )
REMZ 1 s 4, ARIIFFE AT LA — 2B R R X 2

9 B/ THER

WG Tl 4G 20T ik, RE A D
RIVEHT, sy rdCR (9). BaTHlnl AEid

BRI 2T | SRTHE S REINL R R DU DMREERG TEUSS, SRRiasracr.
Table 9 Application of combined non—pharmacological interventions
R FEHMITERESTHREA
BT TR L S 27 R
EA+TMS EA U 1 BDNF /K T-+rTMS 5 358 il A - S IR B e~ W F) RSy SRR AL T 29ia 24l [53]
BN DR
CRT+AE 0 19T 55 BDNF—3 3 CRT 5 3 [ 4 22 T 28 1k RSN N e [73]
CRTHDCS tDCSTHHIE DLPFC— 1 3R CRT 5 T 14 4 i 421k A RANSM R S [73]
EAMICAT i F a0 00 P RE I— 18 5 7 O SR DG B B HR R o 8 2 e KA T RO T B — s EHRYT [58]
CRTHAB®E  Zabinig S r ¥ 1L 5 BDNF 1 58 CRT V5 5 10l 48 ] Sk Fl B A B A L [19, 59]

CRT: AFUFIEIRYT; CCRT: HEHULINAGERYT; (TMS: HEZWBNE; (DCS: ZfEAiig; EA: B AE: fi%iz3).

A T NMDA A2 A A 50 (I R, U R

ﬁ\ 2:|: E TH . i
10 RESRE AR TR LT B, K3 2 T

CRT7EI R P8 Z . CRT AT RE5 KN
ZERADIRERAZ AT O, JUHURAERAT A i X
S, e A R R i Y e 2 T 8 S A
AE . rTMS B SZINAIZNRE, L Al RE ¥ L2 p
ZealIRPEAR L . MR RIZEIIREIR Y . M AL R IR
A B LA S RIS R 88 2 tDCS AEIRY T — By
2, M TARCICSEN SRR BRAE I, X n]

PR, BEAJRYT B B BDNF (7K | B0 Ik
T AR 2448 bn S MLIROR A 2203 A, ol g A o)
g 1, 1B il 2R A0 B AN T e 7 A B
VEFE, Qs S aT 880k . 14 BDNF ZKF . 33
PR e A 2 S (AR AR, LTV A —FPH %
BT B, ERIESEAERLSZ /N R AT i 2 R IA
W, (HIRREAL, RIS E e 5K
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T2 A B Ik X

JUAE SZANAIT e T WA s i A o 2 LS — &
o R, (AEA BURTEIR IR bt fe i, DAK
el i — 2 PEA PR T, ASTEIG TS 2Pk, A
IR INEAL SRR, AR RETZ
BESTMRNATT R IR E . BH5E R, ¥ CRT 5
KRBT, R T e —
T F By L [WEE, AE 7 A A
rTMS 51k, VERINER IERY R BB, FrEvam
RITRCR T EA E R 7 AR, BT e
WBVRIT I RAE ARSIk FR v, APl = RS v &
AR ERRLE AR . o fifax — i, JHeZh
O o KRB A BE ML X B K 5% (randomized
controlled trial, RCT) Ju R, & iX A5,
RERS I E AN [T Tk A SRR &, IR I
PREZERAR LRl = AT SR A . tbsh, FIAIBLAS >
FANTEBRE AR, T RENMERE (1
FEERBR FIE TS 50 . MY atabn . ImAEEIR
SRV HETURBE AT, SR SEIAYY SN A
Ak, SZRBREHEIGIT R B s . EAROCHER
S, YETRFSE A S TR U — e R LR T
WFSEAE Rl P AT S . O e EPR 2
RS, KRG —RIA DAL T EARfE
T, UBhIRpEe s il btk A4 st ot 45
ROPTEEERHE) . WS a 0 s, T
3 o0 R AL S AR v A AU N 553
5, BT IRSNEER S sh LR HrEoR,, iR
NS AR A IORA T R RRIE s IEAb, & Al 2Fakix
7 (WPRRET-PRAE) IFN H RS e 24 N D) g
9T, SEEUXFIAFIAE G A BRAR R SE AT . BIAR
£, B IR A FNA T RO PEAG P B Sy 42T
FEIMAE . M R B IMABERE, S OCHE
T T SZ B r N D e B R X .
Shang 5 ™ WBFSE 48, TEANAEM BGFAT LT, H
X2 G B R E B B2, X SZ iy R
Tt TR R R . TRk FRUL, SZI
RIR G R T N UG, HHEIME
RRWAT . HAEFBAR OCHE [, 2 SZAE
PRI R DI fER . Rk, FIH LT 78 8
PEATEE R E S, A SR g e B, E
PR, DT R G Hi k% SZ B8 35 A I DI RE
WG . AR RFRRWE LT T “CHATE”
(G R, AT A% v XURS: ) L B s B i SR D i
RIGF D4R JFRETRETE S, TPAh R S5

(Ams e A, IFBe) Y LT RS A8 22 sl i B DA R
B AR A o IF BLRSR BB SE I SR AR T OCEI LT
MERESEOLE . TR S KRR IS, HES)
FERIBIEFE IR i s RO R o

Zi L, Aok SZINMIIRE T BAUR AT,
e EAEZ RS URNARYY . KHHEIRTT . WFFEREA [ it
LRI N VPSS S5 il S 1 2 W RTTo))
], SR BAT AR, DAIMTHES I U ) T AR T
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Graphical abstract

[ Non-pharmacological treatments ] [ Core pathways of neuroplasticity theory ] [ Core cognitive domains ]

Abstract  Schizophrenia is a severe psychiatric disorder characterized by positive symptoms (e. g.,
hallucinations), negative symptoms (e.g., social withdrawal), and cognitive impairments. Among these, cognitive
impairment is a core feature that severely compromises patients’ social functioning and long-term prognosis.

Antipsychotics, the first-line treatment for schizophrenia, are generally effective in managing positive symptoms.

# This work was supported by grants from the Ningbo Health Science and Technology Program (2024Y17), the Ningbo Natural Science Foundation
Public Welfare Project (2022S027), and the K. C. Wong Foundation for Happiness of Ningbo University.

## These authors contributed equally to this work.

w4 Corresponding author.

Tel: 86-574-88609589, E-mail: wangzhengchun@nbu.edu.cn

Received: April 23, 2025 Accepted: July 21, 2025



2025; 52 (1D BERWR, % BESRER IV IESIEST -2787-

However, their efficacy in alleviating negative symptoms and cognitive deficits remains limited. Moreover, long-
term use may lead to metabolic syndrome and extrapyramidal side effects. Consequently, non-pharmacological
interventions have garnered increasing attention as alternative or adjunctive strategies for cognitive remediation in
schizophrenia. In recent years, techniques grounded in neuroplasticity theory have advanced rapidly. These
interventions aim to alleviate cognitive impairments by modulating neural circuits (e. g., enhancing prefrontal-
hippocampal connectivity) and synaptic plasticity (e. g., modulating the BDNF/TrkB pathway) from multiple
dimensions. Such approaches not only enhance cognitive function but also reduce medication-related adverse
effects and improve treatment compliance. This article comprehensively reviews the clinical evidence and recent
technological advances in non-pharmacological interventions targeting cognitive impairments in schizophrenia.
The interventions discussed include cognitive remediation therapy (CRT), repetitive transcranial magnetic
stimulation (rTMS), transcranial direct current stimulation (tDCS), electro-acupuncture (EA), aerobic exercise
(AE), and light therapy (LT). CRT, the most extensively studied and evidence-based intervention, uses structured
cognitive training tasks to enhance neuroplasticity and has consistently demonstrated efficacy in improving
executive function and social cognition. Both rTMS and tDCS are non-invasive brain stimulation techniques that
modulate cortical excitability and neural network connectivity. While rTMS has shown promise in improving
working memory and attention—particularly in patients with prominent negative symptoms—its clinical efficacy
remains inconsistent, likely due to variability in stimulation parameters and patient heterogeneity. In contrast,
tDCS has demonstrated encouraging effects on working memory and attention with a relatively rapid onset,
although optimal stimulation protocols have yet to be standardized. EA, which combines traditional acupuncture
with electrical stimulation, has been shown to improve memory function, possibly through upregulation of brain-
derived neurotrophic factor (BDNF) and enhanced cerebral blood flow. It may be especially useful in treatment-
resistant cases. AE is a low-cost and widely accessible intervention that promotes hippocampal neuroplasticity and
BDNF expression, thereby improving memory and attention. It is recommended as a foundational adjunctive
therapy, particularly for patients with chronic schizophrenia. LT, although still experimental, has yielded
promising results in animal models by modulating neuroinflammation and enhancing neurogenesis via the BDNF/
CREB signaling pathway. However, clinical evidence remains limited, necessitating further large-scale trials to
validate its efficacy and safety. In addition to reviewing individual interventions, this article highlights the
potential of combination strategies—such as CRT combined with AE or rTMS—to produce synergistic cognitive
benefits. Future directions include the development of personalized treatment protocols, early intervention during
neurodevelopmental windows (e. g., adolescence), and the integration of biomarkers and neuroimaging to guide
therapeutic decisions. This synthesis aims to provide clinicians and researchers with a comprehensive framework

for advancing non-pharmacological cognitive rehabilitation in schizophrenia.
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