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Abstract: Objective: To explore the effects of physical exercise combined with multi-sensory
stimulation on mental health. Method: Five electronic databases, namely CNKI, Wanfang, PubMed,
Web of Science, and Scopus were systematically retrieved. Eleven studies were included fter
screening. The methodological quality of relevant studies was evaluated using the Cochrane Bi-
as Risk Tool 2.0, and a semi-quantitative systematic review was adopted to summarize and gen-
eralize the related articles. Results: Physical exercise combined with multi-sensory stimulation
can significantly inhibit negative emotions, enhance attention recovery, and improve positive
emotions and cardiac autonomic nerve function to a certain extent. Conclusions: Multi-sensory
stimulation can generate “multi-sensory integration”. Compared with single sensory stimula-
tion, combined with multi-sensory stimulation can promote mental health benefits during physi-
cal exercise. It is suggested that future studies should optimize the core technologies of multi-
sensory stimulation, adopt neuroimaging technology to further explore the potential mecha-
nisms, increase high-quality randomized controlled trials, and further explore the effects of oth-
er factors such as exercise intensity, various stimulation methods, and individual differences.
Keywords: physical exercise; multi-sensory, mental health; stimulation
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Figure 1. Flow Chart of Literature Retrieval
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Table 1 RoB 2.0 Literature Quality Evaluation Table
. MR A G E hBRETM  4hHH&E  LhNEe EFRIRE
A58 Ak [P AT A2 . . ) . ) . ]
FIARMBA (I ER)  HE B Hxehi Tty 2 R eyt
Alkahtani et al., 2019 ! ! + + ! ! !
Calogiuri et al., 2018 ! + + + + + !
Chan et al., 2023 ! + + + ! + !
Jones etal., 2014 ! ! + + ! + !
Jones et al., 2023a ! ! + + + ! !
Léger et al., 2022 ! + + + + + !
Litleskare et al., 2022 + 0 + + + + +
Lietal., 2021a ! - + + + ! -
Mavrantza et al., 2023 ! + + + ! + |
Wooller et al., 2015 ! 0 + + + + |
Wooller et al., 2018 + 0 + + + + +
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Table 2 The Effects of Physical Exercise Combined with Multi-sensory Stimulation on Mental Health
ZEnsy
. 7 2E R I8AT/ BHHNGRE Ry R/
50 3K . (0B F Y —— o B s %R
PEn
Alkahtani RCD 23/23 20.5+1.2 5% :SEES ARALVRAL  347/90%VO0,, ./ VR/R—2# SEESns.
etal., 2019 20 min
Calogiuri RCD 26/14  26+8 154 :PAAS. P INEFH L IVE F 47/ 8 sk 360°#L3/  ENJOYMENT —;
etal., 2018 ENJOYMENT 20 IVEiZ 4L 10 min — 3% PAAS(#42) +;
PAASCHAL) —;
Chanetal., RCD #F#1: #HRI1: HRI1:M%: BB R F47/5 min VR/—%  #F# 1:PANAS(AR#%)
2023 30/9  20.0+1.5 PANAS.RMSSD AR 48 ¥ 47/3 min n.s.; PANASCH#2) —;
B2 BER2: AFR 2.k RMSSD n.s.
2012 72.0+88 MMIELIES R 2 AR+
JE A ns.
Jonesetal., RCD 3819 21.1%+19 +54%.FS.FAS FRM AR, FATART VT10%; 4&#40%  FS +;FAS +;
2014 Nt CGEE S ) FRAMA I HTVT5%/10min - HEX 54K FE  ATTENTION +
FERBEENFEA A4 AGIR—E
(single-item attention
scale)
Jonesetal., RCD 12/8 262+7.7 % FS.INIRS *TIELL VR,  BHAT/VR: 360°;VR/  FS +; ATTENTION +;
2023a KR A CGEZEA): 360°ALIA L 73.38%HR ;3 —% AHDbDIff +
BRBEENFTA 360°:79.73%HR _/
20 min
Légeretal, RCD 7835  20~25 iAJefieh(BUATHES): PobsFa. & F/meFmikE  VR/—#%  TMTns.;
2022 TMTik%e 5 A (GRde ML E#F 4 5Skm-h™/5 min B MK+
1) HCF T MK,
(digit span test)
Lietal,, RCD 18/18 27.9+6.1 *%:FS.HRV R G RAL SRR IE/2 min 2F7%/— FS+;RMSSD +
2021a YR %%
Litleskare ~ RCT 60/32 29.9+12.4 4k .PAAS, 3D 4. 360°4L3n s/ B ikik E/ 360°.3D/  PAAS(#&#) +;
etal., 2022 ENJOYMENT 1 s 10 min —% PAASCH#) +;
ENJOYMENT +
Mavrantza RCD 30/13 242442 5% :.FS.FAS.SMS., M G &4 47/ ik E/ iPad/—%  ATTENTION +;FS
etal., 2023 EEG.HRV Yefl EHIZEE 6 min n.s;FAS n.s.; 0% n.s.;
KR (EEAN): B4 RMSSD +
BRAEENTR
Wooller ~ RCT 29/15 25.6+8.6 54 :.POMS AL R TS B 47/30 min/ AR F  TMD -
etal., 2015 K R & 40%PPO 2 B AN
i/ —
Wooller ~ RCT 50/34 272410.2 5% :POMS B SHFT B AT/40%EPPO/ Br3/—%5  TMD —;STRESS -
etal., 2018 JE 71 : PSS 20 B F AT, 5 min
AR I AT 4L AL
R AT

7 :RCD. FEMULE 5 % s RCT. FAAUAT FR 52 B s SEES. £ LIZ 5h 4R B & ; PAAS. 1k & 31 % v & £ ; ENJOYMENT. 3 % ; PANAS. A4 Fw i 41
#v18 & ; RMSSD. AR £ w5 3 J8 4 2 86938 75 AR FS. B3t B & FAS. B 4migh 76 % & 5 INIRS. 2 AR 20 P 3 3 K TMT. 4 i ) VE il 4K,
HRV. & & 3 F1 s SMS. K & E A% & EEG. i % A ; POMS. 355 & ; PSS, B4nJE /1 ¥ & VR E DL ; IVE. 33 X B PLIRIE ; PPO.YE1E )
B4 EPPO. A% 191 o F iy i ; ATTENTION. 7 % 77 ; AHDDIfY. 37 27 v+ 8.4~ TMD. 5 A 45 44L%. % ; STRESS. /& /7

4



T 2 ¢ B EBRIER 1 22 R HRIONS O B RSN 1) R G4 IR

2.4 RERIB I X6 Sk 224

o A [ £ i S A AT VA 4 43 28 ¢ 1D W R I
538 2D B R 5 B LI 5K (virtual reality, VRO R . 2D #;
AR A G T RCH L B A IR LA, VR 4R L 4R
360° MM Sk G 7R 4% 3D B AE (Li et al., 2021a) . 207
BB A — BT B O AN — BT R . — SO TR
TCE RS B AR (8] 5 7 ) B BT AR AL S B0
PN 25 A 8L (Shams et al., 2008) . Melo %5 (2022) fff 78 &
DL AW E A — BT RE = 2 BUF &N Lo 58, 7= A )

SO o DR K T o R A S S A R A B S
RPN AR — 5 3) BT AN T 1 T50 5 3 8 1
BIF 53, A6 WS 50 R ORE AT 4 2 0 TE B A 4 MR Tk A T
HOT T A5 )R VR (60%) B 2D (40% ) (14 4 FH A5 2
o WT B R R, SRS 4 9 9T R S R IS R — 3
F0 T i 34 38 (80% ) , AN 2 THUAF 5 A A S — S50 1) Wir i o
(20%) o 7E B P 4BHR B A WU W 152 3 38577 T A AN 1 TR
I, AF T 2D W5 i 38 — 5500 Wi i o S R e
I 7 A AR MR R (R 3D

R3 SERERESERERNHNREARX
Table 3  Stimulation Methods of Physical Exercise Combined with Multi-sensory Stimulation

AL R

T 5 )

FIHAEX L b
2D VR —% R—
AMUTHli  n=4 (Jones et al.,, n=6(Alkahtanietal., 2019; #n=8 (Calogiuri et al., 2018; »n=2 (Alkahtani —
2014; Li et al., Calogiuri etal., 2018; Chan Chan et al., 2023;Léger et al., et al., 2019;

2021a; Mavrantza et et al., 2023; Jones et al.,

al., 2023; Wooller 2023a; Léger et al., 2022; al.,

etal., 2018) Litleskare et al., 2022)

2022; Jones et al., 2023a;Li et Jones et al.,
2021a; Litleskare et al., 2014)
2022; Mavrantza et al., 2023;

Wooller et al., 2018)

AL k)% n=1 (Wooller et al., —
2015)

n=1(Wooller et al., 2015) —

n=1, ¥k ¥ % (Wooller
etal., 2015)

2.5 WSHEMERAMK Y LR

LA T 10 AL R A5 bR 5515 4 AH ORI AT 5T, L4 R
W 5T W1 28 P R AR BRI 2 AR v . 9 TURTE 9T i
& g b ST SR T SRR G 2 R E
S W L A EON R I 2 R s AR
SWHFF I 45 KA R To R I, 1 BT F R & 1 S 5o
Wi o SR IE 4l 0 A WA, 20 S AR SR I 2 R
TRE AR HER AR A% 25, (BT A7 AE 70 B 5 IR el & 1 i A%
152, o 4 U 7R S T B R4 06 22 R 0 i80S
EU 00 A0/ 508 HE 2L 0 Y = o R, 1 U ST AR
P TR R o SRR A 5 0RO B AR RIS
Z TR G AR IE & . 2 BT AR T A AR
FoAR 1 DU Fe 48 FH 3T 21 4 S 1 (functional near-infrared
spectroscopy , INIRS) , I 1 B A B R B A 22 18k B ) EL
Xof R 2B 4 2 BB ALK A R R O R R T AR R R U
I R BE BN 5 A fi PR 44 5647 56 (Jones et al., 2019)
1 5L AJF 55 3 FH i L ] Celectroencephalogram , EEG) , F: 4 75
S VBRI 22 8 B U X © U IR MR A A7 A 2
11170 95 1 4IR E _E T+ 47 A O 5 T80R A7 56 (Lin et al., 2020) .
AHAR IE 8 0 3 B 30 2218 14 48 77 #2 (root mean square of suc-
cessive differences, RMSSD) ff o # AR O FE H E &K
P& 2 (Gladwell et al., 2012) . 49 N FIRF FE 3 LA 52 4%
T EA R, Hoh 2 B SR B RIS 2
FIE G RMSSD i 3% o, 1 U 78 4 75 0 W 35 g ), s A4

R4 5 AN B (R 4)

SN T 2R T R bR BT TT , 1 IR ST
T S RBORI S 2 CE R RE TS 0 IS, 1 T S AR
T T (R 4) .

SN T 4 TEE R 4R AR 5 A RE A S AT O, B4
R PAT R AL J0 o 3 BURF Fo s TR 0 4R
bR o B AT O B9F S0 AT 0 o B A BB R TR 5 22 IR ORI IR U L
AN SO0 B AL G U525 S e B8 7. R ARIE AR 9
o, 2 WY B R EBROR IR 5 22 TR R BRE (e bV E B IR .
1 ORI FE 4 i B PR SBROR IEG & 22 JRKE RO 212 0 A IR 1)
S, (HX AT RE /I T R R (R 4) .

3 iTFie

B 9045 R R, B U BB B 22 R R R O o B (g
B A AR S o 22 I8 B R R T A R D B
FRAECZ B REA X — K I Ak 3 2 P T )RR
BREIFFAEL RS . SRR G 2 1%
b5 B — R O T, B RR S O B R . ARSI,
B R BRI A 2 B R Y R A 1 g R v
BIVRE e — TR LSRR 2 O BocE Ok A
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FoH B U BB MR Tk v U R I R 8 I TR A R R R
Wi 1 0k SR e K 26 2 — . Chiang 25 (2021 #F 52 &
P, WL HE AR 5+ 1020 min [ FF S (8] Py 2 B8 7= A2 Fs0R
R, e R B2 8] 9 20 min I, 32 Bl 1RO 4 3 RCR I
A5 SR 2440 5 ) 8 A0 3 88 ) 1RT 3k 20 miin B, ORA 2%
R ARBE— D1, RO LT R . WA
SR A DG WE TSR B, W b R R e B RURR A B
o B ) £ 0 JE A R S IR | A TR B T A 2
(Terry et al., 2020) o K T W57 ) 3, R 0 AR 73 A K6

I 2% 5 N A A L R 518, {H Lee 55 (2012) BF 8 K
B, 2915 min [ 5852 R 8505 55 68 3 TH AR A A 48 A D
B R (1 D 0 B A 5 B A L B B I IR (3 96 o, AR
IV R e AR 4 D) < &7 S I P Nl
7 AE BT B AR BB R I & 2 B B T U SR,
FERE IR R A 8 I TR 5 ) AE 5~ 15 mine X — IR 8]
Y0 B VT R 2 7 A e I 0 B R A [ N R DA A i
I T R R 3T ) 0 0

R4 BRRIGERE S BB RIE O IR R H TR R
Table 4 Strength of Evidence on the Effects of Physical Exercise Combined with Multi-sensory Stimulation on Mental Health

- L IFLERKE/ .
IR R 2R AR S BB %) TEE 3R
ek FRARNE % +  Jones et al., 2014; Jones et al., 2023a; Litleskare et al., 2022; 5/9(56) 77
Lietal., 2021a;Chan et al., 2023
n.s. Alkahtani et al., 2019;Mavrantza et al., 2023 ;Chan et al., 2023 3/9(33)
- Calogiuri et al., 2018 1/9(11)
HmMd 4+ Calogiurietal., 2018 1/5(40) —
- Wooller et al., 2018; Litleskare et al., 2022; Chan et al., 2023; 4/5(60)
Wooller et al., 2015
MZ AR AR INIRS - Jonesetal., 2023a 1/1(50) NA
EEG n.s. Mavrantza et al., 2023 1/1(50) NA
HRV RMSSD + Lietal., 2021a;Mavrantza et al., 2023 2/3(50) ?
ns. Chanetal., 2023 1/3(50)
7y = Wooller et al., 2018 1/2(50) NA
ns. Chanetal., 2023 1/2(50)
NFmfE EEN +  Jonesetal., 2014;Jones et al., 2023a; Mavrantza et al., 2023 3/3(100) +
HATHE ns. Légeretal., 2022 1/1(100) NA
el h +  Légeretal., 2022 1/1(100) NA

E X R ITIR AR T X AEH54F, e EEG A2 7 0% \HRV AU 7 RMSSD., NA &= L AF4 R 69 Lk <3 5, R#ATHAHT,

312 HRBRIEAR P L R B R RO R R

Ekkekakis (2003) #fF 55 I\ iy, 2 5 3% 1) 1 1% 2 b6 & B
i BE AR AT 7= AR AR AR, 2 BB 5 I Tl R R AR
B 2 (R R AR AR 26 1 7 A s 2R R O B A T R R
B 15 28 7K S RN T 5 5 38 90 AR, 38 43 9 i s 244
I SR S XT38 R BRI, A AT 2 AR Y AR I A AR
I 7. SR, X — 45 SRAE B VR B0 B0 - I B ) DR Ak
F K43 2] iZ A [ (Jones et al., 2017) . Jones 25 (2014)
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