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2009) , F 35 BN PR SR L B A1 ) AT A S A2 A DA A B
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17 A A wh sl e SR 1Y 8% X (Parsegian et al.,2014) , 7R & H
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FH VK 25 S BOAT 0t [0 2 50 R &/ w450 i e ot 45 5 40 )
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KAWHI D) RE SN AP RE AL LR . A1, S UK TR
23 WEAZ S 28 FR G, 3 B0 A P A & 1 (Mere-
dith et al., 2005) ; Ifii 15 1 VK 7 2% 8 A Al 5 0 88 e
(heart rate variability , HRV ) FEAIL 2k E M4 T REZ 155 B
FM ARG U HERE S K (Henry et al., 2012 ; Kaye et al.,
2007) , & 5 S B AN IR B KGR GAE | EFh ke )2 B i 3h
Jok e e A5 o LA O & i CIRLIBE R, 2019) o W] L, VK 2 U T Y
06 2 AN B R J2 T i S B TR B AL 1L R S
Z o, DU — 0 2R G0 B AL A R 4 9 UK R S 2 1Y) 5 S AL
NE BV SR I BT 2 5 AR 1R 5 T

& SRR —Fh sk R OR AR IR YT U
Rl 1 T B, T 0 S DI R OB R BT I A b R A O
AR (A AF 20215 AR A AF,2017) 0 7EMK
HLI 75 T , Hillman %5 (2012) B 58 2 B, B 2 532 sh R M
AE— B TR L AE 52 B Wl 2 32 0 R s e,
S0 AP 24 vh sl 0 . 0, 2 T 0 a2 i R AR Y E A
o R B A 46008 Bl E S T I A 9 M P A R T
P 8 K CRE AR 1Y) i 00 1 D g L 2 A AL R KRR TR
SREE(EBp %2021 ;Rawson et al., 2015 ; Wang et al.,2015) .
BE— DB R I, P R i A SIS B Y TR R B
s AT 2 4 a8 L JEHIL I AT B 5 ET A 2 0 O
IKFAT e (7535 45,2019 Cabral et al.,2018) . [Alft, Hithiiz
BN I S AT 3 3o R T R OB i N 2 L e B A2 AR
Sl 3o T, L2 o8 ) kS B 3 &2 4125 (Robertson et al.,
2016) . 2] WESE (2021) 47 i, b 45 i B2 4 Bt B I 25 7T 2
FWOE VKRR 22 AR, O 4 AN TR DX 2 J] Y
Ty Al 3% e, 0F T o0 W R O o | M 4 B RE R oK o
O A R G5, EAAE(2022) R 8L, 188 T BURE A 2L
2 10 LoV UK OB 2 190 i 65 A8 LR A 53 M RO 2 v
A3 HE R 0 36 0E o [E] B A A SN, 5 A Al A 2 Bl A
L, A 4455 DB IS 3 X B AR B AR B A TE A Y kR ROR
(FF LN 4E,2020) . SCUENFFE R WA A 25 APt I 2,
DR BE AR5 1) HRV A5 LA 2 28 B8, 28 5 Bl 28 9 75 1 Jn sl
FI 32 22 7 ) ol 3, S R AR T Ok RE U S B0
1145 % 9 2R A IE T 28 KUK (Dolezal et al., 2014 ; Rawson et
al.,2015) o MISCHTFE L RALTR | iz Bl B M 0] 25 Al RO
F18 R Lo 1L AR 8 B AT — S 114 BRE AR HE KON, (EL G — O
R GE e A5 1R 18 B B 1 A AR TR SR R A= 3 M ek
I (17 i O P [ o 1 A = s R NI 1
AN, 54 B s H, A 45 A PR ghsloif B 0
I e 52 A0 4, 3K 5 B AE DK RE MO A Th i — 2D 06 IE

BEE AT AR 22 10 R TR B X R 5 O ™
IR SC R IBW A T — IR % B 38 R —— 220 R
953 “# (Neurocardiology ) , 1 “ i — > . 2) ” ( brain-heart inter-
actions ) JE L B ZIYIIE H L RIS, KM Bz I K
BT X 50 ME H ARG Z MBI T E R AE 5 M2,
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B A AR [ 32 4 28 W 2% 22 48 (Holzman et al.,2017) . W52 &
L, O ORI A0 1L R G R B E R R G F
R B B )2 SR8 R 55 T 2 A AH B 1Y) A2 4k ( Critehley et al.
2000) , 7 i 751 B4 228 8% p 2205 B Bl IA R 5 I Al [mRHi
& ) )2 W35 317 ¢ (Nugent et al., 2011 ; Yasui et al.,2010) ,
HArgit 2 2 shik g m ke A 25, 250 i T
R AR & VR T S O JUE 3 Bl (Webb et al., 2012) o [
W, 2 HOR AT HRV H B 28 5E 2 R 48 5 |4 2 e i
$2 (Kumral et al., 2019) DL K {1 &6 F 5z 2 0 o B, T] 38006 22
IE A 2% (Patron et al., 2019) , 764 % f£ 55 '~ HRV K38 fin 5
AN TR] g DX 14 B 28 4% 3% 7K P-4 5% (Machetanz et al., 2021) .
H A, -0 . 2l = 0 T I PR 5 27 S0, A 2 v (Xu
et al., 2020)  Tako-tsubo .L» JJL 3 (Hrishi et al., 2019) K 31
i it (Riganello et al., 2021) %5 ; 78 iz ol 40038, A A3 K 43 BfF
FEAG 8 KA 25 32 311 B A8 I A1 Bl 1 287 BHL 7 51 28 A B 160 8 9
AR, PRAIE [ 3244 28 D) AE il 4, 0 o i 2H 2104 1 )
AE L DA T4 A0 B 1 g B R VG AR, 2014) , fHIF R IR AR
i -0 RGEZ RN SCe Mk . 25 b i —O BB AL B0 7T LA
R Iz B BRI T B s ARORE A 108 G TR R A2 R AT L

FE T AR 53 40 S ] ok B AR R A U 4
B BRI S A A BB IS ) 2 B T T, LU H R (electro-
encephalogram , EEG) Fl1 HRV & Wi il - Bt , % 5546 A [R] 2 257
155 B, 32 Bl RN 55 P DK ORI % )2 alpha i
WS KT O IE B 32 80 28 0 T B R T SRR 145 0 AN [+
SRR AR 2 1 R 28 S, 38 i A O 43 T 48 7R 8 S R R S
R B4 I — o R G2 i SR 22 18] S A A A P[] B A2 A
I KRR A BIUAL K J— O B B0 B A A 22 5 2 3 U

1 MRMKS5HE
1.1 BFRAF %R

AW FEAE B R E IR TS T
55 44 B VKM I DU A 5 HEB bR o 0 0 T H
TS50 2 VKEEARE S N2 88 (3R 1) o A ARRE : 1) AE R
18~45 % ;2) SCALFRFEFE /N S L I 5 3) ik F WA RS
FRZTIT 34 LA b s il i T E A2 5 4) 38 2o 45 4 16 1 1
WRIZWIFT A DSM-IV X 25 W s 5 193 s bt 5 5) A IR S
EARWESE, T4 F AV R 31 5 6) 38 o B 1A )i N RE )
i) %5 (PAR-Q) 4% ( Thompson et al., 2013) , #5455 74 5% ¢
s R YT ) AU 1k A% 1k 2o v A i A RS 3 0 B iRk
P2 I T LA S 0 v A5 R B A S0 Bl 5 7) I U IE R OE
o HEBRARUE : 1) AR PKIEARI A 5 2) A RS #ig s L ik
T 5 3) AR OSSR MO IR 0 I 20 5 4) JR A AR AR M g
BB 255 TR B S AL Y B0 5 5) A R 1Y 3 2 ) Ak
3 H W EEZ s g T . A5 K15 78 R R 2 ik
BB B2 514 (45 - SWU-TY202107) (i 4tk e , I 2847
(M/RFRE T ), TAS 5ENEE T AN R E.
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F1 ZREFHERFFE
Table 1 Basic Characteristics of Subjects

. AALERIE LAKNAAM  AEa
o (n=15) (n=17) (n=18)
S5 29.60+4.66 30.87+5.50 29.56%£6.43 >0.05
BMI 22.17+2.35 21.35+2.52 22.06%£3.02 >0.05
R A TR/ 7.93+2.37 827+2.76 6.94%2.54 >0.05
N IR E R 1.73£1.03 1.74+096 1.94+1.34 >0.05
A7 B/ A 9.87+3.68 10.13+3.52 11.50£4.84 >0.05
1.2 Aok

1.2.1 3kt

AW R AL 3 CH B 45 B hibHA Z A 0 H Al
X HEZH ) X ZR AT 55 2 (B2 P k) XN i) ) 2 (BE4R IR
W =AW RIR A L gk it , F7E & 445 EEG F1 HRV #
T 5 T BE VSR RS SR FH AL 3 CF 4848 G b dl (E A =X
A X B X IR ) 2 (B2 5D PR R IR G
YT, AT A B Y 2 3R BE AL A K 3 4 - A AR

AYHIZ s Al AU Fs shdl fnxd Il . 2338 ok
T B OE LR M, AL N D Ge it 2 WokE 5 5 IR OR B F
il R AL S T B9 EEG A HRV W0 45 5 JL2k ) il 25 7R
Ja L HEA K] 12 JE A IE 2S5 T, B AL 0 2R oy
SHEAT AR BT TN S s (R 12 B TR, sy 7T
A S8 U1 04 32 120 7 56 i R A — Eory 5 DU N
o WEIBHME ELRTHSRS A48 2KE
Q#EA&XARE NG 2 %0 4L A B 1 35 52 56 w2
TR I | W fe 28 9 AR 3 BT R REAS Sy 46 NI RE A
TEAHTIE S5 1331 F i G*power G 34656 7124 0.84
122 FTHF%E
HeANZ ST IRk 127, &R 3 Bk UK 2
iz 2 i O b S R (65%~75% HR,, , HR, =
206.9-0.67 X AE{#% ) (Wang et al.,2016) , 4 ik T Wi 5 47
PEAT 3 min (4 38 B U 4 36 20 3 min (9 O 2530 o TR
6] Shy SR DU s, T UM A T T A B R SR B IR
Bt 32 sl B A0 2R3 o0 R R W3 (Polar RCX3) . 4%
YT RIENE2,

35 min,

R2 MEREZHIREFTR
Table 2 Drug Rehabilitation Exercise Program

28 %) n FFR 8¢ K /min 5 H 3R TR A%
HALEAF A 15 BRHFPIEF: 15, R 1, HLIE 3 : 2 min # & # (5 km/h) . 10 min 4 & % (9 km/h) . 3 min % 8%
FMmiEsh 12 (65%~75%HR ) (5km/h) ;4.8 2 min; FUFIE 3 AFENF B RR AT F 8 A5 T4 A XA 5
AR, AN EAE 15 k/48, 3320, A A 4K B 1 min,
AAXARE 15 FRAMBIE:LS, W IR KA o 1 ~5 B 2t iTR Y T 5% BT Bhyy F#ER
P4 ;12 (65%~75%HR ) EFHAELT,F 6~10 8 LL3ATNEAE 4 G248 (oW +FF)
FHET,H N~12 A 24724 X#E % 3T 4k & 2min; ARG 34
(200 A4~/41) , 4R 1A 4K 8 1 min
XT B4R 16 35 — FHERE ATE (G ik S E ERHRES)

123 & 3RAF K OLE
1.2.3.1 EEGil&

1612 JH 38 3 T BUAT 5, 4300 D 1 32 3 3 A R R R
T AT 55 0 I AR (LR AE R R B FRAT 55 th 8 BT 55
(5 min) F AR EAT 55 (5 min) 2 43 4 AL (B 1) o K
BRI, 032 P S I ATE 55 EOR HAEAE S TP IR 5 4k
FERJNE WA Bl S R, I Sk 3 2
WK 58l 223K 5 1 P B 29 80 em . FESEEG T
2 vh 3242 3 T R BT A e 5 B AE |, AR N mark il 3 B 4
A BRI, FE AR5, 20 o i i b I R R R
B — R 5 WA KA E R Gy 401, e Ji
4.24) (& % ,2005) , =B ALHG UK vk Mo £ vk 22 45
(H125K) . SR E-prime #1140 5 525641 55 B2 T, 4T 45 LA
KEOFFERFDRER IO+ "I R ZE B 1D
500 ms 4 B Bt , 500 ms Ji Bl AL A2 B0 B o 2 85 00, A )
R B IR 24 3 000 ms, i J5 LA TANRESE 1000 ms 1 2K

SRR, RE WM E £ Smin 25 . A P AR5

o, 2 Sl U R R B — RO H R RS A G
M8 B (R 2y 5.08 M Dy 5.27) , F B AT B AR i
B A (I 129K, s B 5 =X R B[R] R A
St — 8, X2 E AL RS RO B S5 Y
I F, I A AT S W 5 i S

K FH 32 i 48 =0 L W5 I 3% 4% (LiveAmp , Brainprod-
ucts , 74 [ ) 1 L B W >R 42 010 % 21038 19 EEG 1 2l , SR
#4500 Hz, 3k f2 L BE /N T 10 kQ, HR H EOG 3 T 45 Ml HE
METF 1emAb , B 0D M 0.1~30 Hz i@ . 2% i &
TR T, AR L, e A R R B 1 B A BB <5 kQ. BEHR
I 4 A o I T 2 (Fz) | 20 A i 450 (F3) A ) i 450 i
(F4) 1 #% 5 1Y alpha 3% (8 ~13 Hz) , Il Fz-alpha I , F3-al-
pha % Fl F4-alpha % .
1.2.3.2 HRVill&

12 JH 38 3 T B A3 50l i sz R R AN R R
FBEAES T HRV . IEZSERGHT, 0 H R 43 G T 323
H AU TP R AR AT 2R AL | 5256 bi Ja [R5 el 2 3
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TR HE i A0 P R B8 P B HRY, H HRV 5 EEG il i
[ 25 64T, 25 o A0 1 33 A S B 358 S mine 3K
W) 323858 1 AT 08 R 0 IO 22 A TR L JE L R
SRR

\ -
738
e R
ER
500 ms
3 000 ms
1 000 nN
E1 BEAAXERMRER
Figure 1. Flowchart of a Single Experimental Trial

K F 7= HRV Wi 2 4t (HeaLink-R211B , A7 [# i 35 )
FAESZ I H B HRY B4 . A& M4 960 0.5~40 Hz, R B
4% Ry 400 Hz, V5- '3, Wl 42 L # O Ag/AgCl iy — IR Pk
ECG Hi#l i (Junkang Ltd., 7 [ F i) o I 5 b 32 B4 4%
I} JAE A ¢ T 8 52 M R-R [A0] 145 E 22 (SDNN) AH4B R-R
(i) 441 25 {34 75 AR (E (RMISSD) ) 3 4503548 A« s o T ATC A 1)) 2R
(LFn) b5 #EAL & 5 2) % (HFn) .
1.2.3.3  VEsREEI

PREEAR I & 11 75 it Y SR 32 3 2ok 0 5 AL UL 43 1 R (vi-
sual analog scale, VAS) P¥Al o B 5E LA 1 s AY3E 2 45 2 1034 bl
MLk EE Bk TR R 5 S B R R 2
i VASITE A C 24 T XK EEMIE K . ZERBK 10 em
AR 8 26 BOAR 1, B 11 AP s P24 4 F R 10 B, B3y
R L B, Je A2 1 407 R — SRR R RV I
A 9107 Fe R AR H AL B, R 0~ 10 F 7 X 25 9 1 78 5K
TP T I . RN PP AL 5 ik © W B UE R % A AR S
20 ) A 5 KT A I 245 ) 1) Y SR R 8 (Wang et al., 2015) o
124 HAEAHE 5 07

K HI Matlab 2014b #F X EEG Bd it 47 B £k Ab B, 25
LR U8 Y 1R 38 R 0.1 Hz, {IK 3 2 30 Hz (24 dB/oct) , iz H 4
37 43 43 B (independent componet analysis, ICA) 25 % R
B LA S UUCHZL 2 AE 8 5% % BEG Bdi #1740 Bt
TR LA A SRS R B 4 4 s i HL O L SRR IE R T B B
PR3, 25 B4R R 5 =80 wv Y 3 BE, i i /N I i e gk AT
BP0 38 2 40, LASES 4 s R 097 IE S 2R, 6 il 3 s B0 d 0t A7 2
S, ARAS AR N (1Y alpha P BE B {H . R H ECG viewer X 4
it HLBCHE F 47 R-R 8] 5] (R-R interval , RRI) 4 B, fifi H
Kubios Z %5 HRV 4 2F 47 A #5301 , SR AN R 48 R AT
45 T AR 10 I S A0 SR 1R

K SPSS 21.0 i/l X S S s AT e i3 b 3k A H
46

BT FE AR GEORL HEAT 5 IR 2R T 22 43 A A5 A A R 43 T 5 X
VAS 1553 3547 41 51 X D032 i) 1] %) 30 42000 o 5 2% 4, R
A [7) HL B 54 alpha 3% 8 BRI HRV 3 51 9 47 20 531l X &
FAT 55 X W i 5] 7% = 200 6 5 22 43 A7 , 1) ] Bonferroni
PRE AT 5 R g 2 B L 2 EE R A S OB R g I, SR

I Greenhouse & Geisser J7 15 #E 47 8¢ 1F ; %F EEG .HRV KX 7
i V8 3R 22 8] A S I R FH Pearson M 56 40 #r o S8 1R 56 9
WFKFBE N P<0.05.

2 #R
2.1 B RFR A F SRR LE YR

X VKRR A 1 B o V8 SR RE HE AT N T 22 40 A
KB, B TR B F, 0 =7.71,P<0.01,7°=0.26; Mk}
] RN 3 F, ,,,=20.74,P<0.001,7’=0.33; - # ML HAL
B3 F, =415, P<0.05,7°=0.16, E— 1 ff 8% % 23
B R I - FEFL LRI, 34> 2H 10 98 o B T8 1 35 1 25 e [ (5.27 &
1.39) vs (5.13+£1.41) vs (5.50+1.90), P>0.05] ; 7E5f 12 J&
W, ARG PR AN & A S B 308 T X R
[(3.07+1.16) vs (3.40£1.35) vs (5.31+1.14),P<0.001],
A 885 G YA A LT 2 A 06 S A 0 HIF Rk
MK e Ah A SRS A PR 2H (P<<0.001) I & & 5K
A AL (P<0.01) AL 12 A 4350 i I8 T BE kK-

22 BFEIE I AR AR M I EE R 6 R

X} Fz-alpha Jf fi {8 647 55 52 00 4 07 22 5047 (3R 3) &
PR, 20 B ROV B F ,=3.50, P<<0.05, =0.08; £k & AT
% TRV BEF,| 4, =14.76,P<0.001,7*=0.15 ; il 1K i} &) 3=
RN T F | ) =24.64, P<<0.001, ’=0.22 5 I i i ] 11 £ 5]
F) 28 . E%F”ﬁ) =3.68,P<0.05,7°=0.08 ; Fi 22 H.A%
REER 25 (P>0.05) o JE— 2D 18] SR 434 (18 2) & 3, 12
BLL M KT, 3 419 32 38038 76 5 A AT 55 1 (Y alpha i fE
H{E 2 4 ) 8 F AR T A AT 55 (P<<0.05) , i 76 45 12 JA
BF AT B A7 A B 35 Pk 22 1 (P<<0.05) 5 E B AT 55 7,
ARG APIHA (P<0.001) F1E A H A A (P<0.001)
55 12 A 0 35 T AR KOT ik IR G B M 2 R
TE VAT 55 L 3 A2 I AE T TRURT S 44 8 W 1 25
WA B AHBLL (P<0.01) Fi 42076 440 (P<<0.01)
PSS 12 JH AT 5 v (A 2 T B AL i E R R AT
55 3N TE B S e (B 3A) .

X} F3-alpha ¥ fig & (0 E 17 B M2 F 200 (£3) K
B, A E R 5 F, =770, P<0.01,7°=0.15; L RAT
55 FRR W F =481, P<0.05,7°=0.05; L B 1] 32
RN 35 F | 4 =26.63, P<<0.001, ’=0.24; 3¢ H.3 B ¥ A
F(P>0.05), FaLE(E2) KM, IS 12 FR,
3N 19 52 1 43 BIAE TG 5 AT 55 P Y alpha PR AE R 5
HPEAT 55 T W E M 2 R TE AT 55 P A RS A P A
(P<0.01) A4 A 378 441 (P<<0.05) 56 12 J8 (0 {E 34 3%



TSR - FLE AR TS SR X DK SRR ) R AN ATF ST < ok H EEG FTHRY B9 DGR PEESS
fo T 2R KSR i % R 2 G W M 25 s A R REAT 55 (P<0.01) f i 4N A4 (P<0.01)7ESS 12 A 2 A AT %
B A UA AL 12 B RE B T ELOKT (P< FPR (R S 3 R T R i T AR S R 3N T R
0.05), Hoap 2 Ad o i F 2 5 LA, A A S G P4l P2 5 (KI3B) .

R3 FTHREZREEAEBRS alphaiFEEENER
Table 3 Differences in Alpha Wave Energy Values at Different Electrode Points before and after Intervention
A %127
WA 415 P, P,
RIS b AR S P HESAES AL S P

Fz HELARMEA 0571061 -0.11+0.54  <0.05 0.17£0.41 0.1940.53  >0.05 <0.001 >0.05
AHXAAm -0.544+0.46 -0.10£0.45  <0.05 0.20+0.64 021+0.67  >0.05 <0.001 >0.05
xR 4 -0.51+043 -0.13+£036  <0.05 -0.44+0.58 -0.02+032  <0.05 >0.05 >0.05

P >0.05 >0.05 a>c”,b>c” >0.05
F3 HELARMEAE  -038+£0.55 -0.12+046  >0.05 0.1940.33 0.14+0.53  >0.05 <0.01 >0.05
RO W R -028+0.64 -020+044  >0.05 0.2640.47 0.32£0.61  >0.05 <0.01 <0.05
X B8 21 -0.5440.58 -0.22+0.34  >0.05 -0.38+0.59 -0.10+0.30  >0.05 >0.05 >0.05

P >0.05 >0.05 a>c ,b>c” >0.05
F4 HEALAFMMA 0494052 -025+£040  >0.05 0.19£0.50 0.23+0.60  >0.05 <0.01 <0.05
RO W W] -0.35+0.58  -0.04+£0.40  >0.05 0.34%0.51 0.04£0.71  >0.05 <0.01 >0.05
B8 41 -0.50+0.52  -0.22+0.42  >0.05 -0.25+0.36 -0.06+038  >0.05 >0.05 >0.05

P, >0.05 >0.05 a>c ,b>c’ >0.05

E R P<0.05, %% E R P<0.01,*** % P<0.001; P & ) — B A B e A2 5o P MAE S5 09 £ 5%, P R T A B4 T TRAT G 09 £ 5%,

P, o AR S T

JE W) 257 PR T AR R BT S AL S b a9 5] 2 5 a AR R AL, b RER LA XA AU, c AT, TR,
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ARG e Amaa ot 48 B
B2 EFHTFHAEZINE TSR RIMES P ETEnt alpha i ZH R E

Figure 2.
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B, B R B F, =459, P<<0.05, 7°=0.10; L KT
% FRONA B F, =3.36,P>0.05, 7°=0.04; MK i} ] 3=
MR EF | =25.52,P<0.001,7°=0.23 ; I3 i ] 12k &R
1E55 M BN 3 F, 86)=5.16 P<<0.05,7°=0.06; H: 4338
O IR 3 (P>0.05) o #F— 25 8 B0 43 A (1 2)
KB, T IELE R 12 B, 3 AN 409 3238 40 I 7E 7 5 AT
55 H i alpha 3% BB R E Y 5 AT 55 TC B EE =R AR
SRS R A A S AP (P<<0.01) M &4 E 4l (P<
0.01) 55 12 Jl iy (i 1 35 5 T LR ZR /K SF- T %) BR 4tk %5
PEEF AT S T, AR G A S 12 F M B3
P RERLOKTE(P<0.05), Hp2 MR EM 251
Ah A AL A PUHAL(P<0.05) F1E A U1 441 (P<<0.05) 7E
55 12 JE F i AT 55 b i 1 I 3 o T X R I AE PR AT

Topographic Map of Changes in Prefrontal Alpha Waves before and after Exercise Intervention in Different Stimulus Tasks

3 AN 2H T M 2% S (1K1 3C) .
23 BT ER A HRV 69 %8
XF A sk 38 AR b B9 SDNN #F £7 8 &2 N 5 22 4 b
(RHER, A FEBNAEEF, ,=3.05,P>0.05, =
0.07; 2 RAT 55 8N A B F F =0.13, P>0.05, n’=
0.00 5 32 It ] TR0 E F | 4,=29.20, P<<0.001,4°=0.25;
DU (1R 2 531 ) 28 BN .35 F 4, =6.92, P<<0.01,5°=
0.14; H A 38 AW ¥ i 35 (P>0.05) o i — 25 fi B2
243 B R B, AESEZR NS 12 A, 3 A4 5230 43 Bl e 5
fi 55 (1 SDNN ¥ 55 PR A1 55 08 i 3 PE 25 57 5 A6 2 i AT
S A RS AP (P<0.01) fIlE A XA R4 (P<
0.01) %% 12 J& 1) SDNN 43 51 4% 35 5 T~ LI LK 7, i % B2
ol FME 2 S TE PR S5 b A R A P41 (P<0.01)
A A U A 4L (P<0.001) 56 12 J& /(8 43 0] b 2 e T 0
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FELR K-, X IR A0 B M 22 5 A R A A U
2H(P<<0.05) FI & A=A A4 (P<0.05) 7E45 12 J8 5 W T
SR O S T A, ELAE TR AT 55 TR A A s S P

1000 2000
FE S Ahma

3000 0 1000

ZH (P<<0.05) F14 & 30H E 4 (P<0.01) B 2 & T X g
H, M2 B I B E 2R,

uy
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EAAA R B E

B3 Fz-alphaif (A).F3-alpha i (B) .F4-alpha i} (C) e EEE R R R BES H A E RAAE (F &4 5 — A 5)
Figure 3. Time-frequency Diagram of the Difference of Fz-alpha Wave (A) , F3-alpha Wave(B) , F4-alpha Wave(C) Energy Value in
Different Stimulation Tasks (Drug Task—neutral Task)

Xt i 38 45 AR A9 RMSSD #F 17 5 & 0 & 5 22 4 b
(KRB, ALH ERN BEF, =4.63,P<0.05,7°=0.10;
LRITS FMPL R F,, )=21.70, P<0.001,7°=0.20; iz
A 8] 2800 3 F o, =26.85, P<<0.001, =0.24 ; iX i} 7]
FALR 38 RN B3 F, =421, P<<0.05,7°=0.09; H 4%
ZE AN AR B (P>0.05) . HE— 2 SR 241 K 3 -
TEHE LM U, 3 A 20 19 52 3 % 78 7§ & AT 55 T Y RMSSD
Y45 5 8 KT AT 45 (P<<0.05) , 755 12 A B, 4300 R
YUAFAE i M 22 5 (P<<0.05) s FE B AR AT 55 b SR 9L
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FHAL(P<<0.01) FIE & UA AL (P<0.01) 5 12 JE A {E 55
T IR K i BT B 22 5 5 e R AT 5
LA RS A PUHA (P<0.01) FIE A XA /A (P<0.05)
5512 Al B E 43 ) W 3 e T L R OK T i 6 R 2 e
PE2 S A, R A PBLA (P<0.01) FIE &G R4A
(P<<0.01){E55 12 JH 2 i AT 55 v 19 (8 W 35 v T X0 R4, B
FEHRPEAT 55 R A4 AP AL (P<0.05) fl R & U 4
(P<<0.05)th & 25 f5 T X B4, 1M 2 4~ 428 sh 41 ¥ T W 3 1
£,
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Table 4 Differences of Subjects’ Time-Domain Indicators before and after Intervention
Jak 415 _ A4 %127 P, P,
E AL S P HBES AR S P
SDNN  HALZARMA 451311148  4482+12.68 >0.05 53.95£7.52  53.98%£899  >0.05 <001 <0.01
FeXA RN 43.89+7.91 44.14+8.50  >0.05 54.13+£12.57 5591+12.71  >0.05 <0.01  <0.001
p:ceil 44.9349.01 45914£6.00  >0.05 452246.18  46.39%7.00  >0.05 >0.05 >0.05
F >0.05 >0.05 a>c,b>c¢”  a>c’,b>c”
RMSSD A AZAHma 311941217 3825+9.59  <0.05 42174635  4647+545  >0.05 <001 <0.0l
EAXAAN 32.50+8.91 40261+6.04  <0.05 4208850  46.96+1322 >0.05 <001 <0.05
el 30.99+10.84  38.79+8.81 <0.05 32.82+6.59  39.87£6.68  <0.05 >0.05 >0.05
P >0.05 >0.05 a>c”,b>c" a>cl,b>¢

3

X AU B e B LFn 9547 o 52 I i 07 22 00 A (3R 5) Kk
B, 2H 90 RO B F ) =5.42, P<0.01, =0.11; £ R T
% ERN B E F,, 4,=19.73,P<0.001,7°=0.19 ; 3L s 7] £
TR B3 F | 0, =24.28, P<<0.001,5°=0.22 ; 43X ik [ 1 21 51
W) 38 B3N B FU 6 =3.76, P<0.05,7’=0.08; Hi x %2 H.
RO AN T 35 Bk — 5 TR BN 43 AT R B, A R K
B, 3 AN 41 0 32308 16 2 55T 45 P A9 LEn 4090 B 3% = T
HPEAT 55 (P<<0.05) , T 7 45 12 JE I, {0 B 2047 76 i 2%
PE 25 5 (P<0.05)  7E B W AT 55, A 45 & BB A (P<

0.01) FI A &0 E 4 (P<0.01)%5 12 J& Ay (8 B 35k T3
LK, IR TE e 25 S AR T PR S5 h R AR
AP (P<<0.05) F i & A S 241 (P<<0.05) 55 12 Y (H
R T IR, i X IR 410 25 Pk 22 52 s e b, A A A

PP (P<<0.001) F1 & & A 4 2H (P<<0.01) 7E5 12 JA]
T AT 55 v A 2 3K T Xk R, AR R AT 55 R oA R
B YL (P<<0.05) Al A & XA F A (P<0.05) 1 1 A%
FXTIRA 2 B S T E M R

x5 FTHAEZXAFMEERNER
Table 5 Differences of Subjects’ Frequency Domain Indicators before and after Intervention
£ % 12
EEEos 285 T 7 P, P,
F A% WAL S P FRmALE AL P
LFn  HRAZL4A#HMA  63.53+9.49  5553+11.12  <0.05 51.48+7.55 48.23+7.88 >0.05 <0.01 <0.05
AAHXHFAM  6433+£855  5620+11.28  <0.05 52.494+8.95 48.07+£10.85 >0.05  <0.01 <0.05
s FR 4R 64.69+11.10 56.99+12.12  <0.05 63.16+6.96 5538+10.77  <0.05  >0.05  >0.05
P >0.05 >0.05 a<c,b<c” a<c’,b<c’
HFn  HALA#RMEA 24601529 314011249  <0.05 38.33+8.54 40.27+10.60  >0.05  <0.001  <0.01
AAXAAM 2540%577 32802822  <0.05 39.13+£10.12 412741017  >0.05  <0.001  <0.01
*F R4 2538+6.42  32.06%12.09 <0.05 26.03+7.81 3256898  <0.05  >0.05  >0.05
P >0.05 >0.05 a>c T ,b>c a>c’,b>c’

XA S 48 A b B HFn A7 85 52 D0 4 5 22 40 T (3R 5) (R = e S5 S G DO EE T b~ | | N €
R A BN B E F, ., =536,P<0.01,7=0.10; & &K AAEAPIBH A (P<0.001) Fl B A A &4 (P<0.001) 1E
145 BRI BEF, =11.91,P<0.01,7=0.12; M ] 3= 5512 AR AR S5 T (B R 2 TR R AR R AR 55 R
RN F | o, =44.53, P<0.001, 7°=0.34; i 28 5} [ i1 4 HESAPBHA (P<0.05) fE & HH(P<0.05)
%'JE‘JTCE*?&EEE%FQ 0=9.94,P<<0.001,7°=0.19; HARZH. BEETX A, M2 sl LB EEER.

RN AN 35 0k — 25 T BRSO 43 A A B« A K 2.4 EFHERFRBH 9B RE . EEGAHRV A 69 X Bt
B, 3 AN AL 32 38 K 7 3 A AT 55 P 1) HFn 3943 51 | 8K+ AHOCHE SR BT K I, TGI8 J& 76 3 W AE 55 38 2 h M AT 55
FHEAT 55 (P<<0.05) , T FE S 12 JE ), A %) B 20 A7 7 B 3% o, 12 JH s BT U A S A b B2 B9 3 TR R B ST

P22 5 (P<<0.05) s fE 3w AL 55 b, AR SS B P41 (P<
0.001) F1E A4 A & 4 (P<0.001) 45 12 JH {E WS T
LK, X FRZH TC b 3 M 2 S s A P AT S5 v A AR
AL (P<0.01) FAE & XA S 4 (P<<0.01) 5 12 i 1

UK X (Fz \F3 K F4) [ alpha 37 39 52 B 3% 74156, 5 HRV
SDNN ,RMSSD & HFn 4 7 33 5t W 3 1 A1 5¢ , 55 LFn &t i
FIEAE, H R X 1 alpha 3 5 HRV 2 [A] (41 Fz-SDNN |
Fz-HFn . F4-LFn 5 ) £ 76 A [R) A8 B2 AR OGP o TRl B, 12 )8
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83T WG 2 A UA S RE A SR B AT AU X (Fz.,
F3 J% F4) [f) alpha i ) 2 i 3 91 4 ¢ , 5 SDNN \RMSSD &
HFn $8 #7552 1 35 fA 3¢, 55 LFn 2 W 3% IE A G , HLAi &5
Jixi X119 alpha % 5 HRV Z [A] ( Ul Fz-RMSSD , Fz-HFn , F4-
LFn 55 ) f77EAS 6] B2 B2 I A OG0k o e, 12 W is 3 T HiUs

XF BRZH TR 2 b AT 55 0 (% T8 oK B2 55 i 4G 1X. (Fz \F3 J2 F4)
14 alpha i ¥4 5 835 AR G, 10 7E o AT 55 TR A B A 4
AR OG5 7635 5 R T AT 55 Hh i 5K B2 55 SDNN  RMSSD ¢
HFn 8 #5352 3% A5G, 55 LPn 2 B35 E A G, (R4
%G X /) alpha 3 5 HRV 22 ] (4 41 S PE AR 4255 (£ 6) o

*6 FERAFELHANMEA.EARXNFEANMBAERRLZRESPETENHEXELH

Table 6 Correlation Analysis of Each Variable in Different Cue Tasks in the Aerobic Combined Resistance Group, Compound Aerobic

Group and Control Group at the 12" Week

285 T B RE Fz-alpha F3-alpha F4-alpha SDNN RMSSD LFn HFn
HELL BRAE — — — — — — — —
%l Fz-alpha —0.337(-0.36") — — — — — — —

F3-alpha —-0.21°(-0.18")  0.427(0.30") — — — — — —
F4-alpha —0.24"(-0.25")  0.367(0.477) 0.227(0.30") — — — — —
SDNN  -0.29°(-0.34)  0.217(0.26")  0.14(0.21°)  0.20°(0.21") — — — —
RMSSD -0.20"(-0.30)  0.29°(0.28")  0.13(0.09)  0.167(0.18")  0.537(0.68"") — — —
LFn 0.217(0.27°)  -0.247(-0.30") -0.11(-0.13) —0.19°(-0.19") -0.50"(-0.52"") -0.57""(-0.55") — —
HFn -0.30" (-0.35™)  0.27°(0.34™)  0.19°(0.22")  0.22°(0.20")  0.497(0.56™) -0.63""(-0.64"") 0.617°(0.63™") —
6K BRE — — — — — — — —
HEA4  Fz-alpha -0.347(-0.357) — — — — — — —
F3-alpha —0.19"(-0.23")  0.357°(0.44™) — — — — — —
Fd-alpha -0.27°(-0.19")  0.487(0.32") 0.337(0.19") — — — — —
SDNN  -0.32"(-0.33") 0.237(0.27)  0.17°(0.22")  0.237(0.20") — — — —
RMSSD -0.217(-0.28")  0.267(0.28")  0.08(0.12)  0.17°(0.17)  0.557(0.65") — — —
LFn 0.20(0.25")  -0.22°(-0.30") -0.11(-0.10) -0.157(-0.21") -0.49"(-0.53") -0.52""(-0.58"") — —
HFn -0.32°(-0.36™)  0.29°(0.35)  0.19°(0.23")  0.167(0.24")  0.517(0.60™") —0.65""(-0.64") 0.66"7(0.63"") —
xR B RE — — — — — — - —
Fz-alpha -0.267(-0.18") — — — — — — —
F3-alpha —0.17°(-0.13) 0.14(0.16") — — — — — —
F4-alpha —0.197(-0.14) 0.17°(0.22")  0.13(0.16") — — — — —
SDNN  -0.21"(-0.20")  0.17°(0.18")  0.11(0.12)  0.13(0.16") — — — —
RMSSD -0.16"(-0.22")  0.13(0.10) 0.09(0.13)  0.11(0.12) 0.447(0.45™) — — —
LFn 0.15°(0.18")  -0.21"(-0.22") -0.10(-0.14) -0.16'(-0.17") -0.30"(-0.38") -0.377(-0.39") —
HFn -0.22°(-0.30")  0.157°(0.18")  0.14(0.16")  0.12(0.15") 0.407(0.417)  -0.357(-0.40") 0.367(0.417)
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RV 2 919 e 0 0F ZE Mg Wb gy, X 5 DATE BRI 3R
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Rehabilitation Effect of Exercise on Methamphetamine Addicts from the Perspective
of Brain-Heart Interaction: The Linked Evidence from EEG and HRV

WANG Kun',ZHANG Tingran', LI Yan’, LIU Hengxu', LUO Jiong"
1. Research Centre for Exercise Detoxification, College of Physical Education, Southwest University, Chongqing 400715, China;
2. Sports Work Department, College of Liberal Studies, Chongqing Industry Polytechnic College, Chongging 401120, China

Abstract: Objective: Exercise was considered to be able to regulate the brain, heart and drug craving of methamphetamine (MA)
addicts, but the internal relationship and influencing mechanism of the variables needed to be further explored. Methods: Fifty-five
male MA addicts in a drug rehabilitation education and correction center in Chongqing were selected. They were randomly divided
into the aerobic + resistance training group, compound aerobic training group, and control group. The EEG and HRV instruments
were used to collect the alpha wave energy value and HRV activity of the prefrontal brain area in different cue exposure tasks, and
an analog rating scale (VAS) was used to assess cravings. Results: 1) After 12 weeks of intervention, the drug cravings in the aerobic
+ resistance training group and the compound aerobic training group were significantly lower than those in the control group. 2)
Compared with the neutral task, the Fz-alpha wave energy value, RMSSD and HFn of the three groups of dependents were
significantly lower in the drug task, but the LFn was significantly higher at baseline; after intervention, the Fz-alpha, F3-alpha, and
F4-alpha wave of the two exercise groups in the drug task were significantly higher than that of the control group, and the SDNN,
RMSSD, and HFn in drug and neutral tasks were significantly higher than that of the control group, and Fz-alpha wave, RMSSD,
LFn and HFn had no significant difference in cue task; there was no significant difference in prefrontal alpha wave energy and HRV
between the two exercise groups in drug and neutral tasks; the F3-alpha wave of the compound aerobic training group in the neutral
task and the F4-alpha wave of the aerobic + resistance training group were significantly higher than the baseline level; there were no
significant changes in the prefrontal alpha wave energy and HRV of the control group in the drug and neutral tasks after the intervention.
3) In the drug and neutral tasks, the alpha wave energy value of the prefrontal brain area in the two exercise groups was positively
correlated with SDNN, RMSSD, and HFn, and negatively correlated with LFn after intervention, but the correlation in the control
group was weak; the drug craving of the three groups was negatively correlated with the alpha wave, SDNN, RMSSD, and HFn in
the prefrontal brain area, and positively correlated with LFn. Conclusions: Acute drug exposure could induce abnormal activation of
frontal midline and autonomic nerves in MA addicts, while moderate-intensity aerobic combined with resistance training and
compound aerobic training could improve the abnormal activation of prefrontal brain regions in addicts when facing stimulation,
which can help to maintain the coordinated activation of the brain-heart system in a specific situation, thereby effectively reducing
the drug craving in MA addicts, but there was no significant difference in the effectiveness of the two exercise prescriptions.
Keywords: MA addicts, exercise; drug craving; brain activation; heart rate variability; brain-heart interaction
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