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K 43 B B 7€ PROSPERO (https: //www. crd.
york. ac. uk/ PROSPERO) & it , ¥ M 5 K
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1.1 MANESHERRIRE
111 s

PSR SRR BERLX IR (RCT).
L12  WFExg

ZHERNBEIG LN, RIEZHERGRITE,
YAZ TN B BOs /D BE BT AAE s I AR & 1
RTAEHL (WHO) MIEE X, B % B T-score<
2.5 B RBIFME, —2.5<T-score<—1.05E XN
B
1.1.3  FHitHE

AR RNz 5, BRI IS S5 B A r 2k
BpIE] s X2 R H2 2 AT AT 3 T
1.1.4  ZiRdEhs

2 Jay 4R AR A 4G T OBURE XA e iz i X
(DXA) sBUET N (X (DPA) PPAGMEAE . B
B, Ward” s =ff . KR TMRWOCT 5%,
UL Jardatn o B R S
115 HEERpRME

JEARWEIE R SCIREEIE . UM 2003,
TCIE PRI AR AR SR s T H0h BRIz 5l 28
R ZEEd L 6 A NS hnidizsh )y
LI
12 EEREREE

i1 5 HL K & PubMed. Embase. ProQuest,
Scopus., EBSCO., Web of Science. Cochrane
Library, CNKI, J7 77 Al [ 4= 9 B2 2 10 4> B
Vi, AEA XiE Fhik 3% PMOP AR % 1Y RCT,
KR BRI R 252024 4F 6 H o IEAh, B9
SCERI S 3K, DIANSEaRICE 2 | B MR (E
Bo mXERFECTE: 3, . Bk,
PMOP., H# ., B/ . B RS, 32
SCK: & A 4145 . Postmenopause. Post-Menopause .
Postmenopausal Period. Involutional, Age-Related.
Osteoporosis. Post-Traumatic Osteoporoses Bone

Loss. Bone status. Bone mass. Bone turnover.

Bone
Sport,
Aerobic

Bone metabolism. Bone mineral Content.
Mineral Density, Exercise.
Acute

Exercise .

Training

Exercise. Isometric Exercise.

taijjiquan. open-air fitness dancing.

Impact exercise., randomized controlled trial.

randomized controlled trials as Topic. random®* &5 .
K TR G A R R R R I TR R, AR
PSR R R R
1.3 CEtFIEFIEE RHREX

ARSI X SCER A T ST 0 6 | $E AL
W, AR B ES = RN . BORMEBIUN S N
Pl S —AEH . KRG THXRAR (FEA
o, AFER . KR (body mass index, BMI) |
L AERR) . T . S5 R AEtE.
1.4 XEKREIT

¥ H Cochrane T W17 (19 RCT i fay XU PF-
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2.1 XEARRS

T A 2R ARATAH G SCHR 2 887 Ji, £ 4E Web of
Science 255 %% . Scopus 423 % . PubMed 553 &5 .
Embase 604 j# . ProQuest 71 %% . Cochrane 221 5 .
EBSCO 78%% . CNKI1492%% . JJr 1075 . HEAE
Y2483 4, i HAbaR R RS Sk 12/ . &t
B2 THIE e AN 48 TR A MW ARRERI RTC, 3C
HR T 126 A DL T ST
22 PMANTAFHIEARIFE

NI A8 A5 H 1 TN SR IE, 450k 3
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RE) . 4 & & 31 JIl & (whole body vibration,
WBV) . itz IE) . #5EK
iz 3] (dance movement, DM) . i H HALATH Sl
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i B¢ & bt B 42 3 (impact combined with
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Table 1 Basic characteristics of the included study

F1 ANFRBERFHE

- . [EFN ,A YHi L2 B
LVt A RRLYE L R - fkifi/kg  BMI% ML 4iRdER
B
CON (i85 E7abL 43 60.4+5.3 24.5+4.0
Waynes, 2012 %] . o >1 NR FH DOo0O
Qigong KM H L 43 58.8+5.6 25.844.2
CON 5 7R ¥ 30 51.4+4.9 1.63£0.13 55.01+7.26 22.01+8.04
EFEE, 2018 1 ’ ] O
Qigong B R 30 52.1+4.2 1.72+0.24 55.12+7.27 22.13+8.17
CON (2765 36 53.7+1.14 5.83+0.61 59.24+1.56 18.92+1.16
WK, 201707 & i 00
Qigong J\Bt R H5IRE 36  53.5£1.40 5.94£0.75 59.47+1.25 18.50+1.11
CON i i 29 62.6
A gaE, 2020 U ] A NR NR NR o [ 0
Qigong FEK 29 62.9
CON HFILED 21 57.29+4.44 71.43+5.42 28.28+1.54
ElDecbZs, 2019 [ ] ) B R 0oon
Qigong WBV. #H4ED 22 55.10+4.19 73.55+4.72 28.36+1.31
CON PEFI4ED 18  54.546.0 9.3+4.0 26.743.8
SenZs, 2020 2 WBV WBV. £f4ED 15 55.044.6 8.0+4.1 NR 266427  HAE 0ooono
IE Miiizgsh 16 53.1+4.4 7.7+£5.3 26.543.9
CON b rm il 43 63.73+5.45 15.7+7.1 23.22+3.25
RuanZs, 2008 2V o [E 0o
WBV WBV 51 61.20+8.20 13.5+7.4 24.37+3.28
CON PTH 18  69+5  22.0+5.0
Jepsen®%, 2019 122 NR NR P 0o
WBV WBV. PTH 17 69+5  22.0+7.0
CON T 14 62.4+7.1 10.6+6.9 23.1+4.4 .
Lai%, 2013 [ SN 0
WBV WBV 14 60.1£7.1 9.80+8.7 22.7+1.9
CON ToF i 24 62243.1 14.6+6.6 68.56+14.5 26.51+5.8
VerschuerenZs, 2004 1 WBV WBV 25 642433 16.9+6.3 66.50+8.90 26.34+3.6 LLFINF 0ooQ
RE EERIIEAS 22 642433 15.5+6.0 70.47+9.60 27.40+3.5
CON TFTH 52 68.1+2.7 712+13.4  27.5+5.0
von Stengel%%, 2011 2 Tl oo
WBV WBV 50 68.8+3.6 69.1+11.8  26.5+4.2
CON B g TR N 20 66.449.9 57.745.1 23.942.4
R A4, 2017 B9 o T 0000
WBV WBV. i BERREN 20 67.6£8.2 57.9+5.5 237422
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. R X BeA L R e
PANFFIE ! FHT7 L R fAkHE/kg BMI/% iy 3, g R fa by
= PR/4E
CON T 9  65.2+5.1 55.6£6.5
RE W7 247t BEL 1T 25 11 63.9£3.2 62.4+9.7
W8I, 2019 7 IE BRER I 25 11 59.7+5.1 NR 57.3+8.6 [ 0
AE f#55E 10 64.6+4.4 58.3+8.2 NR
SMET brE BEULUIZ 10 63.2+4.4 54.8+7.3
CON TF T 16 67.0+10.0 63.8+11.2
Hartard2%, 1996 2% o >5 NR  HKFE 00
RE Wiz zh 18 64.0+6.0 67.0+7.70
CON ToT 1 6 56.83+0.70 6.50+0.92 56.4242.28
Linero%%, 2019 1] o i NR LHE 000
RE Fh o BB I 25 7 56.40+0.72 6.57+1.00 61.9943.45
CON ToTF 1 29 56.6+4.6 7.4 65.0+8.3  25.6+3.1
De Matos®%, 2009 B N : g 00
RE 28 H il 4k 30 57.5+5.1 9.6 59.847.6  23.9+3.3
CON R 15 66.3+6.0 63.4+8.8 26.8+5.5
Gualano®, 2014 BV e NR [ 0o
RE PR, 5 15 63.6£3.6 66.849.0 28.2+3.6
CON A 8  66.7+7.4 66.2+8.8 24.9+2.5 N
Mosti%, 2013 B2 e s NR W 0ooo
RE KSR 8  61.9+5.0 72.3+77 253429
CON ToT 1 24 67.9+5.9 28.143.5
Marques®s, 20113 RE E2 LGN EE S| 23 67.3+5.2 ) NR 28.8+4.6 AT 0o00
>
AE 1TE. 12, P 24 70.3+5.5 27.5+3.8
CON
B B O EREN
B, 2008 1Y o, 5569 >2 NR NR e O
3k 3P FH+CON
RE 9
o 1s) CON e 76 72.8+1.2 622492 255435 »
Korpelainen®s, 2006 “* ] >8 5= 000
IE XURR Bk R 84  72.9+1.1 61.2+7.9 25.7+3.4
CON 5. 4D 32 66.3+4.9 64.0+7.5
Hans%%, 2002 B¢ o >5 NR it ooono
IE Wi iZE+CON 99 67.6+5.2 63.0+7.3
CON 5. 4D 14 562440 6.243.3 27.543.7
Basat%%, 2013 P71 IE Il ZR+CON 14 55.642.9 6.542.0 NR 26.4+3.5 LHH ooo
SMET HLEEALIEIZR 14 559449  6.0£3.6 25.0+4.7
CON JoT 20 67.446.8 63.8£10.5 24.4+3.7
Posch%%, 2019 B% NR NN 00
IE BiR 20 69.6+5.3 64.2+8.10 25.143.2
CON ToT 1 22 58.8+3.2 542458 22.27+1.89 .
WenZs, 2016 1 . NR ERE 00
AE HEIZH) 24 57.5+3.5 52.0+6.4 21.69+2.94
. CON 4 15 657427 14.6+1.6 50.1+1.6 21.1+1.1
YamazakiZs, 2004 1 b HA O
AE AT 5 27 642429 16.6+1.7 51.2+14 21.2+0.7
CON 5 22 62.14+7.03 11.14+4.8 56.70+7.20 24.08+2.90
MRS, 2006 M y [ 000
AE Hill, 8 22 61.25+6.90 10.95+4.7 57.00+7.88 23.74+3.01
CON ToT 1 82 50.21+3.81 21.82+1.32
JARESE, 2020 “2 o NR NR i 000
AE HEIZB 82 51.50+2.81 22.62+1.12
CON ToT 1 20 52.245.7 52.3+4.2
EARES, 2016 ) » o NR NR i E 0
AE R AT S IE B 20 53.9+4.9 52.545.8
CON ToF i 30 55.246.1 5.3+24
SRR, 2012 o NR NR EalES| 0
AE HEHEIZB) 30 54.7£5.8 4.8+2.1
CON 5 50 58.37+6.51
Wi, 2014 B9 - ) NR NR NR S| 0
AE i1, #D. & 50 58.60+7.53
. CON i i TR 96 65.34+8.13 61.15+4.27 24.1242.46
Asepgdae 0019 [40) >1 i E 0o

AE HE BB 96 64.10+£8.27 60.76+4.35 22.84+2.51
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BB T BB BRI 5.

. . BA L B .
EAPNG Bl Fi75 2% L R . fAE/kg  BMI/% HuIg =P
E=:8
CON £5. D3 40 61.5+7.5 57.8+7.40 24.142.6
YuZs, 2019 47 - NR B 0Q
DM JERG. £5. D3 40  62.5+6.6 57.3+10.0 24.0+4.2
CON £ 25
Qin%%, 2018 [+ . ] 45~60 NR NR NR [ 0000
DM T N 25
CON To i 19  55.949.2 62.79+10.7 24.85+4.31
Angins, 2015 1 . NR THH 0
DM i de 22 582454 60.93+7.64 24.16+2.94
CON 5, T2 R 84  67.4+7.6 22.1+1.7
FHEgiz, 2018 BV NR NR [ 0ooo
DM ] 3% $E+CON 84  68.3+6.6 223+1.5
CON A5 R AT 25
FW RS, 2017 B oo 45-60  NR NR NR mE 0000
DM IR S IRAY 25
CON K] £ JRE R M 30 68.5+7.23 64.08+1.41
Bt eSS, 2021 B . NR el ooo
SMET ¥ 02| Z5+CON 30 70.1+6.12 59.49+1.35
CON T 8 56.3+4.7 11.7+7.1 63.6£11.9 25.0+4.4
BoltonZs, 2012 53 L HFE 00
IE&RE BRER. PLRHIIZR 10 60.3+£5.6 13.0+7.4 64.5£9.7 252+43
CON FFT 43 65.0£5.0 63.4+11.4 23.843.9
Watson%%, 2018 5 o o NR NN 2 oo
IE&RE [STE N RN B e 22 43 65.0£5.0 61.8£8.9 23.2+3.4
CON £5. D3 30 55.543.0  5.442.1 67.0£13.6
Engelke®, 2006 . NR f 0
IE&RE Pk, vhifi. 5. D3 48 552433  4.6+2.1 67.6£9.6
CON 5. D3 41 559431 64.8+13.6 24.743.9
Kemmlers%, 2003 B¢ ¢ i ] oo
IE&RE PUbH. BEEK. 5. D3 59 551434 67.6£9.7 25.143.3
CON R 30 56.23+3.81 6.77+1.37 55.46+3.37
(577 HEEE, FICBEREN. D3 -
#i> 25, 2021 J. NR el ooo
HE. PiFH+CON
AE&RE 30 58.9+2.93 6.15+1.27 57.46+2.37
CON 26 56.25+3.75 3.48+1.57 23.04+5.38
o o D3+ A EALEE . B R A
285, 2019 PR NR elEs| oo
% PLH+CON
AE&RE 26 55.4+4.12 3.36+2.14 22.65+4.14
CON i i | 11 59.73+1.19 64.0£7.52
Marchsei%%, 2012 51 b, NR BAH o000
AE&RE BEIg3). B 11 64.0+8.90 68.0+7.65
CON 5. D3 20 64.9+5.7 15.046.0 45.8+4.0 19.9+2.1
Iwamoto%, 2001 L6 "y A . SN 0
AE&RE AT L. 5. D3 8  653+4.7 16.0£6.0 455+6.5 19.7£1.3
. 1 CON £5. D3 44 59.6+3.6 24.942.3 . B
BergstromZE, 2008 NR NR Tt . oag
AE&RE Pk Pk, 5. D3 48  58.9+4.3 24.442.6
CON 45 7R ¥ 32 56.3+2.1
X4, 2007 (62 . & A 681412 NR NR i O
AE&RE B, PR, F5RA 36 56.3+2.1
P BB “F%ebri 2" £, CON: XHAZL; Qigong: f@HSI; AE: A4i23h; RE: HifHizzh; WBV: 28iRshiI%;
IE: whiliizzh; DM: 1882555, SMET: i HENUAM 14 IEQRE: whiiBAHiMLIZE; AEKRE: HEBAPMLEE; NR: %

PEde, O FEME, O BEES, O Ward’

23 WA RBREXEIEN SR

AL H Cochrane Z GE FA B 27 XU -
TEXPAM AT T BEPEr, 458 (K1) &
N, FTA BB RR T AT 17 TS AR
FAAE WIS BT T /e Bemt; T T,
T A TR B A 2B G R, A IS
KR TRE T 8RS H T, 42

WG 7R U5, (HALRI 2 U5 H A R AR

s/, U KEEF, O 2, O amithriy.

L PRSI, 90% MIRFFE BRI A T 2
25 /) R 45 Jm A8 b 5 T A SR ¥ Tt H A s %
AU
24 RMKMetas HreE R
24.1  MEUEEES — Btk

BWRZ RIS ZR, DAt sz
SiFeAREZ, Hiussh T s e dikse
557 B T B R S B WS A R AR B T A 3R



6° EMUHESEYYIEHRRE  Prog. Biochem. Biophys.

XXXX; XX (XXO

BEHLF SRR _

y \EEB%H‘E

S5ER
ERITLEE
EReRM
IR RS
Hite

O% 25%

50%

75% 100%

B (REEXE O (R X ABEHS

B FEENKG

Fig.1 Risk of bias graph of the Included Studies
E1 SMAHARHREEBE

REGT . Ward® s =M IXHSCHE bR RIE R 36 (K2).

(¢)

(a) (b)

W!iV

AE

SMET

SMET 'IE&RE

(d) (e) WBY

AE

IE&RE

Fig.2 Network evidence diagram
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ME, F: TREESHMNELEEFRHRZEEEENFN 7+

e SN S TR 2 i s U 1= e ]
TE A 45 SR e bn i A T AN — B e . AN —3
AR A — BRSSP — B R 4G
KW, T2 W R & Y48 b AL “CON-RE-
SMET” — /AR —3, HARBE—2
Py NSRRI A RN 2, AR — A
RUGTHT o 19 Ao B R B LU RGIE s 5 R 42 L A
W BA —2E (P>0.05), S5l 5k,
242 MPRMetadHr SHEF 25

JEEAE 1 B . 44 T SR A B %8 B A T
THGEE, FEASE N2 73461, MR Meta 43 B HE 4]
gEIR (K S2) Wow, SXTER4IMHIL, WBV (SMD
=0.68, 95%CI (0.19, 1.18) ). DM (SMD=0.64,
95%CI (0.02, 1.27) ) WJ &b 2 M08 FBE EME B 4%
JE (P<0.05), & T fidis it 42 b s 24 e i & vk 22
5t (P>0.05). SUCRAHERHT (KI3) £, 4%
SRR it A e A % R O T A RICRHE R D
WBV (SUCRA=81.9) >DM (SUCRA=782) >
SMET (SUCRA=77.8) >AE (SUCRA=56.6) >
Qigong (SUCRA=52.7) >AE&RE (SUCRA=42.2)
>RE (SUCRA=37.7) >IE (SUCRA=31.0) =>IE
&RE (SUCRA=21.0) >CON (SUCRA=20.8).

J i A0 2 e 3 e SR R S
VAT THRIA, FEARR 22694, M4k Meta /A Ek
FRYR (BS2) B, SxTE4AMt, WBV
(SMD=0.64, 95%CI (0.30, 0.99) ), DM (SMD=
0.73, 95%CI (0.31, 1.14) ) A &g E k3B Ik
BHEEE (P<0.05), [HEZLZEH WBV (SMD=
0.67, 95%CI (0.01, 1.34) ) #HX}F Qigong (P<
0.05) HA B FEMHEMH, DM A X T Qigong.
SMET ¥ E A B E L #H (P<0.05), SUCRA R
Hey (E13) KRB, £ T Hs e o e B 908 4%
JE B R HE R A DM (SUCRA=91.1) >
WBV (SUCRA=86.3) >AE & RE (SUCRA=64.8)
>AE (SUCRA=51.3) >IE (SUCRA=50.4) >RE
(SUCRA=48.0) >IE & RE (SUCRA=43.4) >
SMET (SUCRA=27.8) >Qigong (SUCRA=20.6)
>CON (SUCRA=16.5).

Ward’ s = ff X H %5 . I8 5 SCHk X Ward’
s =M E BT THRIE, HEAT N 5484, K
R Meta M HrIRFE I 255 (E1S2) IR, HHEZHE
MEZEEZES Y TR EEEZR (P>005).

SUCRA HERHEF R B (I3), 4T Hilds it fE i
Ward’ s = X B 9% B 5 T M RCRHEF . WBV
(SUCRA=72.2) >AE & RE (SUCRA4=50.5) =>IE
(SUCRA=49.5) >CON (SUCRA=46.5) =>AE
(SUCRA=46.3) >DM (SUCRA=35.1).

KEGF R 070 SO KA i 9% i i
PTG, FEARE A SIH] . MR Meta 73 H7 EE F§
FlzE R (KS2) @~, WBV (SMD=1.03, 95%CI
(0.57, 1.50) ) Wl EUEBH KRG E%E
(P<0.05) ; 8] # b & " WBV #H L IE. AE.
AE&REA B, RE, IE. AEM L AE&REH
WERP (P<0.05)., SUCRAMERIET (K3) &
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The optimal exercise type for improving BMD in PMOP is still unclear

Abstract Postmenopausal osteoporosis (PMOP) is a chronic metabolic bone disease caused by a decrease in
estrogen levels. with the acceleration of population aging process, the public health burden caused by it is
becoming increasingly severe. The prevalence rate of osteoporosis in people over 65 years old in China is as high
as 32%, which is especially prominent after menopause, which is about 5 times that of elderly men. About 40% of
postmenopausal women are at risk of osteoporotic fractures, with a disability rate of up to 50% and a fatality rate
of about 20%. The prevention and treatment of osteoporosis has become a major public health issue of global
concern, and it is particularly urgent to develop reasonable and effective prevention and treatment programs and
explore their scientific basis. Exercise is an important non-drug means for the prevention and treatment of PMOP,
it can improve estrogen levels and the expression of bone formation transcription factors, and inhibit the levels of
proinflammatory factors and bone resorption markers, macroscopically manifested by the improvement of bone
microstructure and bone density. However, the effectiveness of exercise in improving bone mineral density
(BMD) remains controversial. Some studies revealed significant changes of bone to mechanical stimulation, while
others showed no significant effect of mechanical training, this heterogeneity in bone adapt to mechanical
stimulation is particularly evident in postmenopausal women. Although the evidence that a wide range of exercise
programs can improve osteoporosis, the optimal solution to address bone mineral loss remains unclear. The most
effective exercise type, dosage and personalized adaptation are still being determined. This study will fully
consider the differences in gender and hormone levels, searching and screening randomized controlled trials of
PubMed, CNKI and other databases regarding exercise improving bone mineral density in women with PMOP.

Strictly following the PRISMA guidelines to reviewed and compared the effects of different types of exercise
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modalities on BMD at different sites in women with PMOP by network Meta-analysis, to provide theoretical

guidance to maintain or improve BMD in women with PMOP.
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