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Abstract

OBIJECTIVE: Although the potential benefits of wearable devices in enhancing the physical activity levels of the elderly have been recognized, the specific
effects of these devices on this population have not yet been comprehensively and systematically assessed. The aim of this article is to systematically evaluate
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the effect of wearable device interventions on various physical activity-related indicators in the elderly, including moderate-to-vigorous physical activity, low-
intensity physical activity, total physical activity, daily step count, and sedentary behavior.

METHODS: A literature search was conducted through databases including PubMed, EMbase, Scopus, Ovid-Medline, The Cochrane Library, SPORTDiscus, CNKI,
VIP, and WanFang from inception to March 10, 2024, to collect randomized controlled trials on the effect of wearable device interventions on physical activity
in the elderly. The methodological quality of included studies was assessed using the Cochrane Risk of Bias tool. Data synthesis, subgroup analysis, forest plot

creation, sensitivity analysis, publication bias assessment, and univariate meta-regression analysis were performed using Review Manager 5.2 and Stata 12.0

software.

RESULTS: (1) A total of 43 articles, encompassing 5 194 participants, were included in the final analysis. (2) Meta-analysis results indicated that wearable device
interventions significantly enhanced the daily step count (SMD=0.48, 95%Cl: 0.33-0.62, P < 0.000 01), moderate-to-vigorous physical activity (SMD=0.29,
95%Cl: 0.20-0.38, P < 0.000 01), low-intensity physical activity (SMD=0.17, 95%C/: 0.02-0.32, P=0.03), and total physical activity (SMD=0.15, 95%Cl: 0.02—
0.28, P=0.02) in the elderly. However, the intervention showed no significant effect on improving sedentary behavior (SMD=-0.08, 95%C/: —0.21-0.05, P=0.22).
(3) Subgroup analysis revealed that comprehensive intervention strategies, interventions lasting <12 weeks, and the use of pedometers as intervention

devices were more effective in promoting low-intensity physical activity and total physical activity among the elderly. Comprehensive intervention strategies,
interventions lasting <12 weeks, and the use of accelerometers as intervention devices might be more effective in enhancing daily step count and moderate-
to-vigorous physical activity. (4) Meta-regression results suggested that age (P=0.038) and health status (P=0.083) could be significant factors influencing

heterogeneity in daily step count.

CONCLUSION: Current evidence suggests that wearable device interventions have a positive role in promoting daily step count, moderate-to-vigorous physical
activity, low-intensity physical activity, and total physical activity in the elderly. It is recommended to consider comprehensive intervention approaches,
interventions lasting <12 weeks, and the selection of appropriate devices based on intervention goals when designing wearable device intervention programs.
Nevertheless, further high-quality randomized controlled trials are needed to substantiate the effectiveness of interventions aimed at reducing sedentary

behavior.
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activity; sedentary behavior; older adults; meta-analysis

Funding: Guangdong Provincial Philosophy and Social Science Joint Construction Project, No. GD22XTY01 (to YG); Guangzhou City Philosophy and Social Science
Joint Construction Topic, No. 2023GZGJ327 (to YG); General Project of Guangzhou City Science and Technology Bureau, No. 2023A04J1822 (to YG)
How to cite this article: WANG JF, YANG G. Meta-analysis of wearable device interventions to promote physical activity in older adults. Zhongguo Zuzhi

Gongcheng Yanjiu. 2025;29(28):6146-6160.

0 5|= Introduction

NI Z WA BRI A 3t B
AR, TIT #2050 4F, A BREAE
NEOER— &, k842104, %
B FECEFE N SRR T A
PEBER AT 2R IG N0y EEE R, 50
TREMASMZGIE Y, Ji,
et “Afg Rz i K BA E KR4
SMATRE L. BTN S AiE
BRE T 4+ B A ) e A0 B 1 M
WEREE P, BEFLZENIFR
A B e WS S K. FERRI,
H AR Bk = 5 AR5 B 1 2 AN B A
M 5% %] 29% A% B, i 7 [ iX
Eepil e & ik 24— Ll B, R,
FF R A 20T Pud it LA 3k 2 4E A1
SRESRAINEY). EFEk, BE
B IR FEAS HEAR O & Jg, w]
FRR AN — P M T T05  32
KiE

G ar & SaERiliE S RN
& IR P H R B AT 30 [ A5t
— R RS Y AN, A
F AN A T T AT LASE =y B ARV B 7K
141 41 CADMUS-BERRAM %4 B Riff 57 2 TR,
THPRBAIZEE iR T LR E
NI H B %: LYONS 25 ® g jt &
B, I R vk U6 R N B H 2P
MAAAT NE R, (A A 5%
KIL, AR AT I A
B HADE R 2438 A AR AT 97 TH G 2

R A, AT R A
LR N BT B B AT AR G
BAR, KT 5 ik & it 5 1R 5l
] Meta 73 BT 5E R CF &K%, (H
X LRI T AE T AR R R,
BAnIR A T AR BT 7T Bt AT s
T U ) e 2 R e b
N NAR IS H T A 2 DL AGEEAT BUS
2 I | W S =1 e 2
T 60 % LN B E 18 BRI AT
— SRR LR T X AR S
P,
45Nk, U 2 REridw 1
A R X 60 ¥ DL EZAE N 1K
TESIR, (B B AE HABBUR
s B B R PR T B KT R 5%
HARbr, HRLEE AT E )
MW, BRI AL SE 25 G ik 4 T P
2N BRGSO, R A2
T B2 5 By RV B P B T A 5 P
o DR, R W GRS s KT
55 B0 55 P RN A AR AT R S LA AR FEAH O
Tabr BRI NEE, XEIRiR 55T
SR S R RE R M o L N
T AN AR B O, Z SR
Meta 73 #7 J5 ¥ A TH VP AS 1 7] % 30X
E A NG S =L Y = 8 NG N (A
B RTES) . B g WiEE). R H D
FIAAAT NI, BIE NS JEFI A
A G B A T TE N B ARG B R A
PEAE [ 2 AE Y5 N 2 W 5 2% 8

1 FRFOAE Data and methods
1.1 FHRR

111 MRFE  HE—EEAE AR
H A% H B (PRISMA 2020 75 1)
SEHEAT SRR R

112 KRHEE NHFEIS
2% PubMed. EMbase. Scopus.
Ovid-Medline. SPORTDiscus. The
Cochrane Library, CNKI, #3405
B P v R AH S SCR

113 ki ok R WA A
Wk, WFEEARE, PP, g
it WEshi M as, SiREsh, K
Hizz), B3, # ZEN &
N, BEHLO RS &, SRR
i N “Accelerometry, Actigraphy,
Wearable Electronic Devices, Fitness
Trackers, pedomet*, step count,
fitness tracker®, accelerometer,
Fitbit, Exercise, physical activit*,
Physical Exercise*, Aged, elderly,
elderly subject, Randomized Controlled
Trial, RCT4%&”

114 KRB ENEE AR RSN
B PR P %2 2024-03-10.

115 CHEtRERE |2 BHTRA
R F A 45 A B i i) 7 kAT
RGiRE, LL PubMed K4 FE g 5,
JLE 1,

12 sh N5 H B AFE R E PICOS

(Population, Intervention, Comparison,

Chinese Journal of Tissue Engineering Research | Vol 29 | No.28 | October 2025 | 6147



@7 TPEEATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

Outcome, Study design) J& NI 1] 52 i 26
PRt
121 PIAFrE OBFRXR: =60
% AN ()RR R AN BR )
@F Piss it 50 4 R FH vT 2 B A
T, HHFHERREEE =2 FH; ©
P HRFE T SR AN [F] T AT 28 WA A5 1)
WIT TR FRESERE: @
AU =0 N AR T 10 € ) N
FE SRS BB ARTES) fH AP
AT R @BFFTETE: BEALG A
. Hr, WhEZHBRMZ AT
TR R BE ML BRI, P H S bl
Yy I B] el HLA A I ORI T A 2
1.2.2 #FBrbriE OFBHEDR. 2
WX it K. BT
G SCERERIR . ANEIFTT. Wik
s @VERI AR @HEK
R SCHR s @ STk B BTG
PRI, KR EAEH 5K IA TG 3R 45 )5
MHEHE . ©STHIRTTE VS <3 4.
1.3 LakipiaAe fOpHRIR HE—1E
R TR 2 B ST AR FUOE AR
HEBRARAE AT SCER )T IS, AR5 B e
1) CHEURE BARER) o S BB Kt
HR R WA s, IEE SR
WML K. BERMEEUR S A
SRAREE—EE. KREFH. BX
EE BN RSB FNERS . T
B TN [A) B YA J5 45 JR 4R A
()P BB AR AE 2 o
1.4 #0461 AE
A & i 57 >R Cochrane {5 XL 6
PG T H 6 SCRR B R AT P,
BENBEHLT AR B, &5
HEHE PEHEEHIE BIEATE,
16 P A A A R AR 7 A4S T T gk
17, AR 3 A fer AR S5 2% (AR AU |
m AR FATE 2 ) BT R EIF S,
PN SCHRI SR B 53 2 N5 56
Ay N R R SR, 34 A N TR
R HAEAREIN, LFEHS
RECE MRS T K.

iz F GRADE 2 4t X g8 A Bt 7t 1Y)
WEHE R AT 7 4, M R RS
AN—FHME AKETRYE. AR R
fifa 5 ANYEREREAT VPAL, FFARIEANE
(R HE 55 2 5 e o & (AN ).
AR (B 1K), B E ([ 2
) FARAR I i (P4 3 40 )™, R 1B
7N T CEFET DU 5T ) 52 Y GRADE

H#L(CCCCCCCCCCceeeeeeeeeec'accelerometry"[Mesh]) OR "Actigraphy"[Mesh]) OR "Wearable Electronic Devices"[Mesh])
OR "Fitness Trackers"[Mesh]) OR (pedomet*[Title/Abstract])) OR (wearable*[Title/Abstract])) OR (step count*[Title/
Abstract])) OR (activity tracker*[Title/Abstract])) OR (fitness tracker*[Title/Abstract])) OR (accelerometer[Title/
Abstract])) OR (Fitbit[Title/Abstract])) OR (Garmin[Title/Abstract])) OR (Polar[Title/Abstract])) OR (Wearable[Title/
Abstract])) OR (Tracker[Title/Abstract])) OR (Smartwatch[Title/Abstract])) OR (Accelerometer[Title/Abstract])) OR
(activity bracelet[Title/Abstract])) OR (activity band[Title/Abstract])) OR (activity monitor*[Title/Abstract])) OR
(acceleromet*[Title/Abstract])) OR (fitness monitor*[Title/Abstract])) OR (apple watch[Title/Abstract])) OR (Wearable
Technology([Title/Abstract])) OR (Wearable Device[Title/Abstract]))

H#2 ((CCCCCCCCCCCC(((Exercise[MeSH Terms]) OR (Exercises[Title/Abstract])) OR (physical activit*[Title/Abstract])) OR
(walk*[Title/Abstract])) OR (jog*[Title/Abstract])) OR (run*[Title/Abstract])) OR (move*[Title/Abstract])) OR (active
lifestyle*[Title/Abstract])) OR (sport*[Title/Abstract])) OR (lifestyle intervention*[Title/Abstract])) OR (resistance
training[Title/Abstract])) OR (sedentary behavior[Title/Abstract])) OR (fitness workout[Title/Abstract])) OR (fitness
training[Title/Abstract])) OR (exercise training[Title/Abstract])) OR (Physical Exercise*[Title/Abstract])) OR (Aerobic
Exercise*[Title/Abstract])))

#3 (((((((((((((Aged[MeSH Terms]) OR (elderly[Title/Abstract])) OR (aged patient[Title/Abstract])) OR (aged
people[Title/Abstract])) OR (aged person[Title/Abstract])) OR (aged subject[Title/Abstract])) OR (elderly patient[Title/
Abstract])) OR (elderly people[Title/Abstract])) OR (elderly person[Title/Abstract])) OR (elderly subject[Title/
Abstract])) OR (senior citizen[Title/Abstract])) OR (senium[Title/Abstract]))))

#4 (((((((((((Randomized Controlled Trial[MeSH Terms]) OR (Randomized Controlled Trials as Topic[MeSH Terms]))
OR (Radom([Title/Abstract])) OR (RCT[Title/Abstract])) OR (Randomized[Title/Abstract])) OR (randomised[Title/
Abstract])) OR (controlled clinical trial[Title/Abstract])) OR (random allocation[Title/Abstract])) OR (randomly[Title/
Abstract])) OR (clinical trial*[Title/Abstract])) OR (trial*[Title/Abstract]))

#5 #1 AND #2 AND #3 AND #4

1 | PubMed HIBFEKRZRIRIE

Figure 1 | Retrieval strategies of PubMed database

=1 | ANHIZHY GRADE JEHE R ETHEIRE

Table 1 | GRADE quality assessment criteria for included studies

WEAR TR E fifiid PRAARIE Rt
i iy RS PPAERTE B AN SR B RE R BOL  RIRIER M BENLE S T PR 1 ARE
i G A PR R A RRRBEHLF I RGBT RSk eERE 2 9
it E VA BB A SEAN TR 7
A—Etk IHEARFEFT SRR T, BEAF gite ikl e (e >50%);  PEE LG ARE
125 B FEIXE (O EERERE RS ERE 2
InEF SR AT R B ELRE T RGP BTRANRE. IS, SRERS ERE 1% B
A (RRTE 1] 75 RGP A — 3 TR 2 2%
A K VPR SRR, DSOS e o VEREE . M Tk N TREREE LG ARE
WA > T 400 A JEHERE 2 9
e PR R E T AT, 27 FFERAAR, AR R 1 AR
ARG 5 T S A R Bl ol Egger I AR R MM TRHPE 2 2%

Pl R R PR

PEAG bR AE BIE 4 5 = P e a2
1.5 ks OFHPHE: O
RS ARTE S KSR 5 RIE
@G IKIEE); ©AIT A

1.6 it a7 K Review Manager
5.2 il Stata 12.0 F A XE A9 N I 24 2k
TR . AZEE TN T IRCR,
TWH TR AL R T 0545
FEAR PP E A bR 1 Z AR . KT
SR LT NIE R E 2 i S S [ Y A
GO, BB RIEE PRI, SRR
Cochrane #EFE ) 7 VA THESR . 45 I
W AR S T A, YEEE. Y5
A A B AbRAE R 220, ISR A WAN
24 B34 - A O U B 2
EHFRHEZE . BT XCHEMNEAEY
FEGNEAS R, FF B AR A A
ATEE—HIIEN, HukFEREL

6148 | PEHERTIEHR | 5529% | 55288 | 20255104

%1 22 (Standardized Mean Difference,
SMD) NN 53 #T B v 1 il 95% AT {5
[X [a] (Confidence Interval, CI) 3 %k &
REE. [FIE, 2558 2K 2 gy Nt
FCHIRE A B BN, il ] Hedges'g oK
5 SMD,  FF X ANFE A AR 22 34T T
®IE. RN & B K /N AR 4 SMD {H
Iy ON 4 ANEGL: SMD < 0.2 IS A/
RN B, 0.2 < SMD < 0.5 /RN
H, 0.5 <X SMD < 0.8 N3N,
SMD = 0.8 KRN .

AT RS L M B B Y R A
HiEs R, WK BRICKWOOD
ot A vk o R 4y BB A T BLR
VB O DL R o R FE B AR
5 B o B B R R I Bl R LA 7,
DA v 55 5 J o e o R B AR0E B I
AL @ R AMAT N BN




rEERTERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

B % 2% 7 1) 4 T DL 60 15 B
RSy Bl B 4R IR K HE AN
P <0.05 i}, $E/nT T AN B 2
(A A7 7E 2 & % 5%, 1E B Meta 43 #7
Bt L. KA P e sy i
T B RN, HP>01 H P <
50% I\ A - F S [R5 e iy, R
FH ] 7 REORIABE Y s 45 )R FH e L 280
B PSS k4T 30 28 40 A AN B TR 2
Meta [o] ) 54k 57 B PR R U5 . I8 1S e
S} VA Egger A5 50 %t % WL 78 Hh AT
REAFE R R m e AT VA, 502
Bl R Bout FR 51 Egger far 4% 1) P > 0.05
B, NI FE A AEAE 235 1) R R A
s Rz, MIRHFRAFE R R
K H B — 1% (Leave-One-Out) i 1T
JTE A M, DABRAIE & N & e
PEFIPEAL BAANIIF 70 06 S AR A THE A2
i .

X Ff Cohen’s kappa J7 ¥4 #& 3% 2
PLVEA & 7R SCRR AN N 5 HEBR . i =
PEA R R B A — B, AR AR
Cohen’s kappa &%, —HMEH XIS N
3ANEES: M AR 0.60 I FR—5
PEEE#, RHBAE 0.61-0.80 2 ] I Ky
FRAEFE R ) — 8k, R%= 0.81 WU
IR — BT P SR ST
FEOad e T R¥HEMR ¥
FI%%.

2 Z58R Results

21 Xkt R4ER WS NMEEER
F ARG SCHR 15 390 5, [H) A aE T S
BRIBIIRNE SR 1 5, it 15 391 F.
Sk B A SCHR JE Ik 8 518 j Lk, it
— 2 ) 13 s R 47 2, HEBR ANAH G 3C
Mk 8 265 jr. XFFIR A 253 i SCHREAT
2 SC R R, AN 43 T SCHR
17 Meta 3t B 7705, SCRT g AR W
2, Cohen’s kappa 1 3% 3 HH, 2 /7. 1F
W B SCTHRIN S HE R B A I —3%
{4, Cohen’s kappa &%~ 0.89,

2.2 BINFFR GG IRAAFAE FTOIND]
43 T 5% K& = T 2004-2022 4F [4],
KEBAFIE., ff2=, £E. FHE,
PRI SEE K, P K 5194 B 2
&, HoAR g 41 2 701 i, xR 4
2 493 1§ . A NHFFEHI B ARFAE L3R 2.
23 XA IFMER AN 43
W FE B0 2 5 & 1 58 281 Ol
ITHRGE, WK “BEN SR, H

| AL R R (0=6873) |

Sk ) | BREEOR AR R A (n=15 391)
B% :
v
| HA ik (n=8 518)
I#l)\ T
LE v

| HE % Sk (n=8 265) |

| AR (1=253)

SCHR

| | HEBRANRF & bR dE STk (n=210): 32

fiik v

WA AE N (n=70),  TEikIk

| Y9NSR £ R SCHR (n=43)

| |14 (n=35), A4 (n=33),

THIE AT (n=38), &ERiEsA

) B

ELUN |

BAAHBN Meta SHHTHI ik (n=43) |

7F (n=22), SCERITEARAR (n=12)

B2 | EIEERIEIERL

Figure 2 | Literature screening process status

39 TR T I R BE LT i
(BT EIA KRB 5

%TJ, )[8»10, 27-33, 35-38, 40-62, 64-65], 23

TR TT A B A 2 T RS E TT

% (89, 11, 27, 29-30, 32-33, 35, 37, 42-43, 45-47, 49-51, 54, 57, 61-62, 64]
’

110 B 78 X % WK & L H

Y [27, 33-34, 38-39, 42-43, 46, 50-51, 59]
2 , 9 T

DS I N 5l AR S S Rl NI

i f@ %: /25 [10-11, 35, 37, 43, 50, 52-53, 57]
28 Wi BE R W ok HOE

% [27-28, 31-35, 38-42, 44, 46-48, 50, 52-53, 55-56, 58-60, 62-65]
PPN o 8 R ml ok SR R R AT 3
iR, 42 R0k SeARiE B
i 4% Cochrane fl far X [ VF il T2 B
() SC ik R &V 4, 9 WU 98 N i R

= v TN [27, 32-33, 35, 42-43, 46, 50, 62]
1= R A /N ,

U B RN h %R B X
Fﬁjﬁ [8-11, 28-31, 34, 36-41, 44-45, 47-49, 51-61, 63»65]’
i, & 3, 4. Cohen’s kappa & U6 7 1, 2
RPN BRI E VPN 45 R E A
154, Cohen’s kappa R%N 0.84.
3 BUR T AR TN
ENEEHPEL TE R SRS S
SR SRR A B ARTE Bh AT A AR
47 9 ) GRADE iiF 45 i & VP A 45 -
F B fabr T AAAEA B fa KRS, G
KRB IEBEEMN LA TS,
ICUEHE B B — 2. 5 H P HH T 50
PR, DRGUESE P % — . AARAT
N TAAEME AR, mEE
XA 5E, [RICIEHE PP — 2. ek,
R HAE, s R SRR (KR
FE SR B BARTE S AT A
FESE o &2 NG &, i EE,
HEEANMK. Cohen’s kappa i 46 B,
2 RLVPANY AR UESE T E PP B — B
-, Cohen’s kappa %% 0.85,
2.4 Meta /4R
241 WU b R T B RS B 2
gt 1 Meta 73 7 45 & M E 5 7]

I, 15 WA FE AR T AT OEF ORI
X 2 AN R B B B AR B
/%2 []ruj (8, 27, 30, 33, 37, 42-44, 47-52, 62],
BTG T 7 AR (P=20%,
P=0.23), #rR FH [ 7 S AR AL FEAT 7347 o
SRR, P R B RS B K
SPAH B 22 A 2 R L (SMD=0.29,
95%Cl: 0.20-0.38, P < 0.000 01),
PR BN & T TR L E N
(1) F R R AT B 7K

242 PR H P ZE R Meta 43
Mres R ME 6 rf i, 35 Tiff Fifik
&R R N H AU
/%2”@ [8-9, 27, 29-35, 37-42, 44-46, 49-57, 59-65], %
W 78 18] 4 1 2 5 B 1k K (P=72%,
P <0.00001), K H AL AN ALY 3¢
1T Mr. &R EIR, WA H
A b 22 5 B3 M X (SMD=0.48,
95%Cl: 0.33-0.62, P <0.00001), #%
7N 0 BE R A T TR i A R R 2 AF
INGOESIER 2@

243 PWHAKEE G HRIESZERM
Meta #4558 EE 7+, 6 TIHf5
ety 7Rl R N N NR R S
'leg‘)ﬁijj E‘J%ﬁ l]['ﬂf] [28, 38, 43, 47, 51—52]’ %‘Eﬂ:
FE 18] 5 Mk B (P=21%,  P=0.27),
R [ 58 2 AR B AT A . S5 2R
R, T2 K R B B R Bl K P
AH EE 2 S 30 2 & L (SMD=0.17,
95%Cl: 0.02-0.32, P=0.03), & /5 7J
TERR % T TRE T A AU Z E AN
IR B AR B K

244 S G RTE B ZE 7 Meta
SriTas R HE 8 nI A, 8 Wi Atk
B AR Z N B SRR
E/‘]/%Zurﬁj [8, 29, 33, 36, 47, 52, 55, 65]’ %‘Eﬂ:ﬁ
(] S5 5% 1t B/ (P=48%, P=0.06), i
K FH [ 58 RN AR AT b 45
N, PR IR B AR TS B KA B 22 R
H 5 & Y (SMD=0.15, 95%CI:

Chinese Journal of Tissue Engineering Research | Vol 29 | No.28 | October 2025 | 6149



@7 TPEEATERR BIIES
www.CITER.com Chinese Journal of Tissue Engineering Research
2 | PANSTRRAD R SR HFAE
Table 2 | Baseline characteristics of the included literature
Wt (KRS ) XK TR 5 P it BRI =R
~ : W bR AR
eS| FER () P 5/ 4 (n)
ASHE 25 @71 gk fRREZEN R4l 64.8+46, R4l 1261, RIG4 0/12, WIG4L: Fitbit FFZhIG 4+ Mk E + 24 @@ 5
(2015 4 XHHE4L: 63.1+4.8 Xt e 8 il X HE 4 0/8 R, R HE AR
BLAIR 45 9 FH FESEAERE R4 169.6+4.5, Rue4118%), RG] 110/8,  iRUGZL 1: Jawbone UP2 iEZN IS HILL + B 13 @@ 3
(2021 4% ) RIMLH 2: 69.144.0, RIS 2184, REG 26/12,  JHEEF, K4 2: Jawbone UP2 3% 2
XHEZ: 70.245.9 XPEZL 18 ) xfHE4L 8/10 L2 °+ AR5 + IS S, SRR AL
=M
BRICKWOOD 4 ™ JURFE fBEZAEN  RIGM: 72.327.0, R4 3741, R4 13/24, R4 PUIGZNEES + EERW, 48F 06 3
(2021 1) XHE4]: 71.946.0 WTHEZL 42 ) xHE4L 13/29 KPHRA: R
CADMUS-BERTRAM £ [%] HEEERE L 6. 61.245.6, UG 334, kE64l 0/33, WIS THDas + Hinidoe + ifseFs, 128 006G 3
2 192013 4 ) 43 WA 60.2¢5.9 XTI 174 xFIRZH 0/17 WAL BRI T
CHRISTIANSEN %5 B 3¢ %] FXATREE I 66569, AIGZH 20, XG4 12/8, WG4l Fitbit WG %+ HilE+ 24 ©@® 3
(2020 1) KHHEYL: 67.5£7.2 WTHEZL 23 ) xPHEAL 8/15 FRERIE + [ TI2ERIT, THRAL: R
TREEARR + [ 112IRIT
CROTEAU % BV S [H [ ==IN 41. 78.047.5,  WRELL 74, W4l 1/6, WRIGAL: P8+ EiiRE + BisisoE, 4M © 3
(2004 1) . 83.086.7 X HE A 8 il X e o/8 XA FH
CROTEAU % & EE AN : 74.089.1,  REKAL95 G, - RIGAL: PR+ Hbrde + MLIS, 128 © 5
(2007 4F ) KL 71.248.2 X 84 {51 XA A
CRUZ 2 ¥ HWET I ZEN RIH: 68.848.2, UG 16 4, iRXIR4H 13/3, WG RHIPPS + SR+ HFR 248 0@ 5
(2016 1) AHEZ . 64.1¢8.2 KTHERAL 16 M) XFHEZH 14/2 T2+ AR, XA @ahilgs + 5
TR+ HBE R
DE BLOK 4% B9 fuf =% MESEHMZEN RI4L: 65.7410.4, RIG41 10 ),  RLe4l 5/5, RIGLH: tHD% + Hisie + BEWRIT, 9 O 3
(2006 4 ) XTHE4L: 62.5412.3  XFHEAL 114 xFHEZL 4/7 XTHELL: HESIRYT
DEMEYER %4 &9 LERIE 12BN iR 66, I 1711, RIGAL 111/60,  ARIGAL: THD R + W VTR + BN 12 O 5
(2017 4F ) KR 67 XTHRZH 172 45 XFHE4H 108/64  FEJ7 + FEASEEU, ATHRLH: E
GOLSTENN %5 B¢ fif =% BIA B AL R4 66.6£7.1,  RIGZH 208 1], RERZH 171/37,  WREGZH. B RS + WG, GTERZ. EE 24 G 3
(2018 4 ) B EEN G 66.448.2 XPHEZE 211 51 XFHEAH 186/25
HARRIS % 7 [ REEEN - WRIGAL 150 0], RIGZL 69/79,  WRIGAL: B E + PO EE + BET 8 0@ 4
(2015 1) WIEZH 149 51 XFHE4H 69/81 i+ ATV, TIRZE R R
HIRASE 25 £ HA fEHEZEN R 72.2¢56,  WRE41 404, KR4 23/27, WREAL SR+ @SN, XHE4L: E 24 0@ 4
(2022 4F ) HEYL: 72.845.6 KTHEAL 39 M XFHHAH 22/27 il
HOSPES % & faf 2% B EN R4l 63.1¢8.3, R4l 18, k64l 10/8, RIG: P28 + s &R, WiEd: 12 8 © 3
(2009 4 ) WHE4: 61.249.1 MR 17 ) XFHE4H 11/6 g
HUEBSCHMANN B 2 AUpEIR R4 65.5¢7.6,  KIG4l 28], IR 15/13, WG4 Fitbit JESNIEEERE M+ HRTESIG 12 © 3
25 12022 4F ) EIN XHHEZL: 66.5¢7.1  AHBLL22 4] wHHELL 9/13 SHLAE + T VT i + B0, AL %
K
KAREN 2% 1 fif % fEgEZEN R 78.0¢7.7 56 7 1, k5G4 1/6, RIGAH: 58 + NS, WIRA: 2 4 © 4
(2014 4 ) WfHAZH . 83.086.7 XA 8 4] XHHE4H 0/8 ]
KENFIELD %5 2 eS| MBI B IR 66.0:5.2, BG4 37 41, RIR4 37/0, IR ZH: Fitbit One JG BN B ds *+ Hibrikk 12§ @® 5
(2019 1) XHE4L: 65.046.7 WTHEZH 39 ) X4 39/0 TE + P+ REAE, TR R PR
KERR 25 1 E[E fREZE N R4 81.9¢5.9,  RIGA1151 410, RIG 40/111, RIGAL: P A+ HARKOE + ITHM + 48 @@ 5
(2018 4F) HE4L: 85.36.5 XPHEZH 156 51 XFHRZH 46/110  NHEH L + FIFE SR, XTRRAE: N
HE R + B SR
KOHLBRENNER 25 " Jifj+- MY R4 64.4:0.4,  WRIGALI37 6], XU 23/14, R4 TP+ HARRGE + RIGEM, 488 @ 3
(2020 %) EYN HHE4L: 67.1+8.5 XA 37 ) KRR 27/10 KEREZH R
KOIZUMI % 11 HA fREZEN R 66.0+4.0,  RIGAL 3461, A%l 0/34, WYGA: Kenz Lifecorder NI it + /N 12§ @@ 4
(2009 %) XHEAL: 67.064.0  XTHRAL34 ] XHER4L 0/34 HE, WRA, A
LARA 25 148l i [H fEgEEEN R4l 60.9+3.4, k¥4l 504, kIG 12/38, WIS DA + Wk + Hid, xtigdl: 8/ @ 5
(2016 4 W : 62.0£3.9 XA 25 ) X4 6/19 R
LESKINEN % 7 752 fEREZAE N R 65.2+¢1.0, I 11741, R 21/96,  RIeZH: Polar Loop 2 iGN + Hir 48 I @@B) 4
(2021 4) XHEAL: 652611 XPHRAL 114 5] WHIR4119/95  BbE, x4l A
LEWIS 2 1 E[E AMEI R - el 20 B, - WIS D + BEh T + s, 128 © 4
(2020 4 ) EYN X H2H 20 {71 KERRZH : HA
LI & 19 mER BRIV REBE RIGH: 65.048.0, R4 26 41, R 3/23, PRIGLH: Fitbit™ X2 + BIE &), 12 OB 3
(2020 ) A XHE4]: 64.8£9.0 WTHEZ 25 ) xHE4L 6/19 WA FH
LIy 4 T EEEEN R4l 72.1#3.7,  AEe4l2241, R4l 5/17, GGl W R S I+ 145 O® 6
(2021 4% X2 : 80.446.8 XIHEAH 18 ) XM 1/17 TS+ AR INSR, XTHRA: MRREUIZR
LYNCH 2% &Y BUOCFITE T - TIFLE 504 61.3+5.9, UG 43 4], iR4e4H 0/43, RIGZH: Garmin Vivofit 2 WG i a+ 128 0@ 4
(2019 1) Ji i XHHE4]: 61.9£7.0 XTHEZL 40 ) xHE4L 0/40 IS, A TA
LYONS 4 © EHE fEEEZAEN  RIe4l: 61.3+5.0,  AEe4L20 1, KR4l 3/17, K62 Jawbone Up24 WE¥LEE + BB 12 1 O@ 3
(2017 4¢) IR 61.7¢6.3  XTR4L 20 5 WfHELH 3/17 FRER + Bl g, XHiRdl: 28
MACKEY 45 % mEK EEREEE RIGH: 71865, R4 29 41, RIGA 29/0, WAL THBE + MM+ —X— 12 026 4
(2019 1) A XHHE4L: 72.0£6.9 WTHEZE 29 ) xPHE4L 29/0 A+ B+ 35S H A + FE SR + 226, @6
XA =H
MENDOZA % &3 %171 MM EN R4 68.919.5,  iRke4ls2 4], KL 29/23,  REGZ: Tanita PD724 =HhitE + Hid, 12 © 4
(2015 4F) XHEY]: 68.4£7.5 KPHEAL 50 M XFHEAH 33/17 STHRAL: (1297 + Hid
MUTRIE £ 4 e fEEEZAEN  RIe4l: 71.6+6.0,  AZG4L20 1, R4l 7/13, WIS T + TR + R s 12 © 3
(2012 4F ) MR 70.0£4.3 WP 20 ) XFHE4H 6/15 Wi, XPIRZH: H R

6150 | PEHERTIEHE | 5529% | 55288 | 20255108



BIES _ _ rEanTERR @72
Chinese Journal of Tissue Engineering Research  www.CITER.com
gk 2
T # [E% BTN R 1A it T dh)mie WA
; . IFE] bR i
Egit] (%) FEAE B/ 2 (n)
MIYAMOTO % 1 [ 4 R ZAEN R4 60.0:3.1, AT 1241, R4 9/3, WRIGAL =R T + P, XEAL 12 B 3
(2017 %) XPHRZH: 60.243.0 MR 10 ) WfHEZ 8/2 A
NISHIGUCHI 25 5 H A {EHREZMEN Rl 73.0¢4.8,  WREGLL 24 7],  BEGAL 13/11,  WIGAL THB R+ S R WAL 128 © 3
(2015 %) KHHE4: 73.545.6 XPHEZE 24 fa) xfHE4E 13/11 =l
NOLAN % 19 B MEIZEN R 69.9¢9.0,  iRIGZL 76 6, R4 56/20,  IRIGAL: B+ WHUPE + T2, 8 © 3
(2017 4E) XHEZH: 68.0¢8.0 WHEZH 76 M XfHE4H 54/22 WPHEZH R R
OLIVEIRA 2§ &7 WARI fEHEZEN R4l 71.056.0,  WRIGZL 64 ], WIGZL 28/43,  WRIGAL: T A + WEIAIT IR + G 48 JH © 4
(2019 4 ) WAL 72.0£7.0  XIIEAL67 i XMELL22/50  {EEEIR S + BRI, X IEAL Befs
R
PEACOCK 4% ™1 pas YR EEN R4 64.066.0, R4 13461, RKIGY1 86/48,  WRIGAL: GG + BN AL 48 @ 3
(2020 4 ) THIEA: 63.0£66.0  XHHEAL 70 XHREAL45/25 P+ MG HEE UL, XEREA: R E WSS
il
PETERSEN 2 °  J}3 fEREEEN - I 19241, - WG AL: DR+ Hbsie, W4l = 128 @ 3
(2012 4F) XHHEZH 173 45 5]
ROBINSON %5 1 &[] TSR ZAEN R4 69.247.2,  RLG4L 75 4, R4l 70/5, R AL TP+ DkE + HE T+ 248 © 4
(2021 4 ) XTHAL: 704473 XTHALL 78 ] XTHALL 72/6 Sk, WPHRZH: Ry
ROWLEY 25 © EH fEFEEEN R4l 68.317.1,  iRkiedle2 ], iRUe4l 13/49,  WRIGAL: LR+ MR, 4L 7 28 © 4
(2021 %) XHE4: 66.1+4.9 YR 514 XFHE4L 11/40 M
ROSSEN % (! Hi+: WERREZEN R4 1. 65.127.3, R 15901, R4 135/24, REGLL 1. TR + WuE, WREGLL 2. B 48 @ 3
(2021 %) RIGLH 2. 64.246.8, RIGZL264105], RINAL 236/28, B + Pul + /N AL T 6T T 0, R R4
K2 63.1£8.7 XA 65 ] XFHR4L 41724 R
HARRIS 2 (7 [ REZEN - RIEA1339 4], KB 124/215, REGAL TS LR B, WAL 128 OB S
(2017 %) XHBZ] 338 7] XFHE4L 115/223  HMIEE
VARAS 4 1% VEEES  BRLIZEN R4l 69.547.4,  RIeYl 214, RL64l 18/3, RIS b8+ BE % + Bk, 488 O 4
(2018 4 ) TR 64.889.1  XIIRA 19 6] xR 13/6 WL 25
YATES 45 4 i [ BT B2 R4 65.0010.0, RIS 29, 4l 20/9, RIAL 58+ HbRoE + MAKE T, 488 O 4
(2009 4 ) & XTHAZL: 64.067.0  XTHAZL 29 XPHAZL17/12  XFHAAL: PR
YATES 4 1 & B AR RG] 65.048.0,  RIGZL 24 ],  REGAL 16/8, WISl s+ NLEE, 4 % 488 OB 3
(2010 4F) H KL 64.0£7.0 XPHEZE 26 M xfHE4E 17/9 KR
Fik: ORETHHLH; ONREALIT N, ONREFEME GRIGS; ONRKRE S ARIES:; ORBLAGHRIGS; - WHRRE: a (RFIREE .

0.02-0.28, P=0.02), #E/~T] % &k
TR e NS SRS K

245 PHUL AT R Z 7 Meta 73
ras®R EE9h, 8t FkeE 1
A] 5 WA A R R N AT R
[Irlﬂ [9, 11, 28, 33, 49, 51-52, 58]’ %Eﬂﬁ:—‘i]‘a—]ﬁ
JR VBN (P=27%, P=0.21), R

BENLFP A R GEFE ) |

IrBCREE (R FEm ) |

Z5%FEE Lt |
EEEE WEMME) | [

l

[

l

HR AR (MY )
EFEERS (RS W)

Htfife [ 2 R SRR AT A BT . 45 S,
0% 55% 0% 5% 100% TS A TE Il D A AR AT R T S 0 HE 2
A b0 ZE 57 0 S 3 1 L (SMD=—0.08,

| O &R O s R i W XU | 95%Cl: ~0.21-0.05, P=0.22).
3 | AR RS R E S 25 AR NP
Figure 3 | Percentage of risk of bias assessment of included literature ﬁﬁﬁﬁ%x%%ﬁi}\%ﬁi{ﬁiﬂ%fﬂﬂ/‘]%
FEW T RRS, R CA MR, &
8 . PEF TG it T YRURSF [|) DA R m] 5 sk i
BB 0, R AR Ao
<mad5635855an EZESev 223335353355 552z2028888 S¢S 3 . .
el =T T T2 [+ P %1% P P P P P P S e < O = 27/ 9| S | RS T 7 Y B N = €07 v )|
LT LR s RAAFEAINGE, 054805 vty &
2l2f2 22| sl el 22l el e ] 2] 2]t v9+++v???°??#ﬁé‘am~ Fﬁﬁﬂéﬂ%%i@%ﬁ%%)‘(, Jﬂﬂﬁ

4|+ O I I I I S 0 I I ) () (e 7++7++777++7++++.§U}pﬂ<;if ﬁlﬂ‘:/ff/ﬁé}\éj\*ﬁo

TR T o e e T R o o s 251 WAL ef 5 S i 322 5
B <+ RFEICRIAR, “— REFGEERE, <7 7 REFHEREAR. RS E L

ZETHMB—TH 2 M. %G
THUE O] AR N E AL

4 | PNSCERRE (R TR L

Figure 4 | Risk of bias assessment of the included literature
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Table 3 | Results of the GRADE quality assessment of evidence from included studies
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Figure 5 | Meta-analysis forest plot of the effect of wearable device interventions on moderate-to-

vigorous intensity physical activity
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Demeyer2017 171 870 2798.8 172 -678 1857 —— 0.65[0.43,0.87] 4.10%
Harris2015 137 200 29574 136 508 2895 ma 0.24[0.00. 0.48] 4.00%
Hirase2022 39 2665.5 3057 37 219 27852 —— 0.89[0.42,1.37] 3.00%
Hospes2009 18 785 4010.9 17 -1367 36283 -— 0.55[-0.13,1.23] 2.30%
Huebschmann2022 28 3155 13729 22 1581 15255 -_ 0.11 [-0.45,0.67] 2.70%
Karen2014 7 -612 2556 8 512 14704 —_— -0.52[-1.55,0.52] 1.40%
Kenfield2019 30 6814 15273 30 -886.7 17437 _— 0.94[0.41,1.48] 2.80%
Kohlbrenner2020 37 398 38144 37 -314 22722 —p— 0.22[-0.23, 0.68] 3.10%
Koizumi2009 34 1235 2997 30 -362 2309.7 —— 0.58[0.08, 1.09] 2.90%
Lara2016 48 -140 70225 22 510 71157 —_ 005[-045,0.56]  2.90%
Li2020 24 839.3 35143 24 -797.4 35778 T 0.45[-0.12,1.03] 2.60%
Liu2021 22 128 588.8 18 12.7 426.7 -1 0.26 [-0.36, 0.89] 2.40%
Lynch2019 37 1372 29414 40 342 3035.1 T 0.34[-0.11,0.79] 3.10%
Lyons2017 20 1090.5 2777.6 20 -40.8 22535 - 0.44[-0.19,1.07] 2.40%
Mackey2019 17 -64 3484 23 -1113 25728 - 0.34[-0.29,0.98] 2.40%
Mendoza2015 52 3080 32548 50 1383 19504 = 1.08[0.67,1.50] 3.30%
Mutrie2012 20 604 2072.7 19 2082.2 264 — -0.97 [-1.63, -0.30] 2.30%
Nishiguchi2015 24 3923 5043.7 24 -577 1780.8 —— 1.17[0.55,1.79] 2.50%
Nolan2017 63 787.7 3499.1 59 737.6 28276 -T— 0.02[-0.34,0.37] 3.50%
Oliveira2019 54 780 31477 54 239 2820.7 r—— 0.18 [-0.20, 0.56] 3.40%
Robinson2021 75 672.9 3399 78 -639.4 3668 [ 0.37[0.05, 0.69] 3.70%
Rossen2021a 46 31 18134 37 -890 1837 [~ 0.50[0.06, 0.94] 3.20%
Rossen2021b 39 144 2188.7 37 -890 1837 [r——— 0.51 [0.05, 0.96] 3.10%
Rowley2019 32 3016 1876 51 -36 1461 — 1.78[1.34,2.22] 3.20%
Tess Harris2017 312 608 27265 323 -133 2683.6 - 0.27[0.12,0.43] 4.30%
Varas2018 17 1797 2947 16 -750 1659 S 1.03[0.30, 1.76] 2.10%
Yates2009 29 1039 2376.6 28 -940 1633.7 S—— 0.95[0.40, 1.50] 2.70%
Yates2010 24 1000 2368.2 26 -1000 24758 0.81[0.23,1.39] 2.60%
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Figure 6 | Meta-analysis forest plot of the effect of wearable device interventions on daily step in

the elderly
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Figure 7 | Meta-analysis forest plot of the effect of wearable device interventions on low-intensity

physical activity in the elderly
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Figure 8 | Meta-analysis forest plot of the effect of wearable device interventions on total physical

activity in the elderly
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Figure 9 | Meta-analysis forest plot of the effect of wearable device interventions on sedentary
behavior in the elderly
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Table 4 |

Meta-analysis results of the effects of different subgroup variables on moderate-to-

vigorous intensity physical activity
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Table 5 | Meta-analysis results of the effects of different subgroup variables on daily step in the
elderly
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Table 6 | Meta-analysis results of the effects of different subgroup variables on low-intensity
physical activity in the elderly
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Table 7 | Meta-analysis results of the effects of different subgroup variables on total physical activity

in the elderly
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Table 8 | Results of meta-regression analysis of heterogeneous factors affecting the effect size of

daily steps in the elderly
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Figure 11 | Publication bias funnel plot for
moderate-to-vigorous physical activity metrics
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Table 9 |

physical activity in the elderly

Meta-analysis of Egger test results of the effects of wearable device interventions on

EL LAY

e

[EPEES-4

(NG S

tfE P 95%Cl

BEHPH

o R B AT

fIR5RE ST 2

A EHRES)

WA R

R
i iy
HRER
i ey
R
i ey
R
i ey
HRER
i ey

0.31139
0.637 52
0.198 29
0.611 43
0.167 60
0.006 37
-0.12108
1.67337
-0.13161
0.279 02

0.152 36
0.714 05
0.106 06
0.58517
0.258 18
1.29310
0.157 31
0.83038
0.183 01
0.913 28

2.04
0.89
1.87
1.04
0.65
0.00
-0.77
2.02
-0.72
0.31

0.049
0.378
0.084
0.315
0.545
0.996
0.471
0.091
0.495
0.769

0.001 75-0.621 03

-0.813 61-2.088 65
-0.030 85-0.427 43
-0.652 75-1.875 63
-0.496 07-0.831 28
-3.317 65-3.33041
-0.506 01-0.263 84
-0.358 51-3.705 26
-0.564 37-0.301 14
-1.88055-2.438 59

. Ashe2015
Brickwood2021
Cadmus—Bertram2013
christiansen2020
Croteau2004
Croteau2007
Cruz2016

de Blok2006
Demeyer2017

H; 15

Hospes2009
Huebschmann2022
karen2014
kenfield2019
Kohlbrenner2020

lehlﬁuchﬁo 15
Nolan2017
Oliveira2019
21

a

b

Meta—analysis estimates, given named study is omitted
| Lower CI Limit

O Estimate

| Upper CI Limit

G,...

0.31
B ST T m A T E AR BAE X VG N, R HBE0N Meta 3 Hr 4 RECFGE .
Lower CI Limit %7~ B A5 X 8] FFE; Upper CI Limit 3675 845 X 4] FFR.
12 | AAIFHEE TN EEANS B EBEMNBURME D TER
Figure 12 | Results of a sensitivity analysis of the effect of wearable device interventions on daily
step counts in the elderly
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Figure 13 | Results of a sensitivity analysis of the effect of wearable device interventions on
moderate-to-vigorous physical activity in the elderly
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Figure 14 | Results of a sensitivity analysis of the effect of wearable device interventions on low-
intensity physical activity in the elderly
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Figure 15 | Results of a sensitivity analysis of the effect of wearable device interventions on total

physical activity in the elderly
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Figure 16 | Results of a sensitivity analysis of the effect of wearable device interventions on

sedentary behavior in the elderly
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