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Meta-analysis of Chinese medicine for tonifying kidney and filling marrow to improve bone mineral density

in rats with osteoporosis by regulating OPG/RANKL/RANK signaling pathway

Peng Zhang, Renkun Zhao, Haolan Liu"
Jishou University Medical College, Jishou, Hunan

[ Abstract] Objective Meta-analysis and systematic evaluation were conducted on the clinical efficacy and
safety of Chinese medicine for tonifying kidney and filling marrow in the treatment of osteoporosis, so as to provide
more credible and accurate conclusions and evidence support for the efficacy and mechanism of Chinese medicine
in the treatment of osteoporosis. Methods The relevant literature on regulating OPG/RANKL/RANK signaling
pathway for the treatment of osteoporosis was searched in 6 databases, including China National Knowledge
Resource Database, VIP Chinese Journal Database, Wanfang Data Knowledge Service Platform, Cochrane Library,
PubMed, and Embase. The search time was from the establishment of the database to December 31, 2023. GetDate
Graph Digitizer software, Rev Man 5.4.1 software, and Cochrane bias risk assessment tool were used for image data
extraction, statistical analysis, and literature quality evaluation. Results A total of 41 articles involving 933 rats were
included in this study. Compared with the control group, the intervention group of tonifying kidney and filling marrow

Chinese medicine had significant differences in improving bone mineral density and serum and bone tissue OPG
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expression levels, and reducing serum and bone tissue RANK and RANKL expression levels (P < 0.05). Conclusion
tonifying kidney and filling marrow Chinese medicine can improve the bone metabolism state of OP model rats by
regulating the OPG/RANK/RANKL signaling pathway, but the intervention scheme and measurement indicators in
the research scheme are not completely unified, and there may be potential heterogeneity. In the future, more high-

quality randomized controlled trials with rigorous design and sufficient statistical power are needed to further increase

the extrapolation and replicability of animal experimental results and explore their clinical application value.
[ Keywords] Tonifying kidney and filling marrow; Chinese medicine; Osteoporosis; OPG/RANK/RANKL

signaling pathway; Systematic review
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i 2019 0183 01007 158 0141 00701 17 G4% 0.55 [-0.16, 1.24] T
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EOTIE 2023 0536 00379 10 04626 00727 10  42% 047 [F0.71,1.04] —
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g 2020 130088 264.217 B 94278 3123432 8 137% 120011, 2.29) —
s 2017 BAIET 2388101 10 49367 1162768 10 178% 082F011,1.74] I
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Heterogeneity: Tau?= 0.28; Chi®= 6.00, df= 3 (P = 0.11); F= 50% 2 1 ) 1 2
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C Inj% RANKL 7KF
4 ;&% OPG/RANK/RANKL &S iBEKFH Meta S HTFRIFE

T A Stdl. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
HFE 2023 0.8 08325 10 0.3 03162 10 7.9% 0.96[0.02,1.89] —
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FR&liE 2023 065 01581 10 01 003186 10 53% 462 [2.80,6.44] I
SRR 2023 08 03578 20 024 0084 20 B3% 210[1.32, 2.89] -
Az 20148 0683 0.0368 8 0412 00339 8 30% 72414191029
2018 198 1.6628 12 062 15935 12 B81% 0.81F0.03,1.64] "‘
Ehig 20 093 29408 10 024 10436 10  8.0% 0.30[0.58,1.18) T
Total (95% CI) 173 171 100.0% 1.98 [1.34, 2.61] ’
Heterogeneity. Tau?= 1.11; Chif = 60,55, df= 13 (P < 0.00001); F=81% 1% * ! b
Testfor overall effect 2= 6.10 (F = 0.00001)

A BHLF OPG M) mRNA FiEKFE

g B £ Std. Mean Difference Stil. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
M3 2022 0.8 06325 10 0.3 03162 10 8.9% 0.96[0.02,1.89] _'_
S 2019 0427 01855 17 0117 004803 14 9.2% 216 [1.27, 3.06] -
23888 2016 0.394 01207 20 0101 0085 20 9.3% 2.75[1.86, 3.64] -
#FHE 2024 075 01481 10 0.3 06325 10 8.9% 0.83[0.00,1.87] _'_
A 2016 0659 01423 10  0.464 00791 10 82% 1.62 [0.58, 2.66] -
BEEFE 2015 1.04 04743 10 032 0253 10 80% 1.81[0.74,2.89] -
aflET 2019 na 04 16 0a 0.4 16 10.58% 0.73[0.01,1.45] ™
HEFLE 2018 081585 04177 10 02078 02334 10 81% 1.72[0.6B, 2.78] -
e 2023 0.8 0.3578 20 0.24 0.0894 20 10.0% 2100132, 2.89] -
FEFE 2018 1.98 16628 12 0.62 15935 12 96% 0.81 [-0.03,1.64] =
T 2021 083 249409 10 0.24 1.0438 10 93% 0.30[-0.58,1.18] I
Total (95% CI) 145 143 100.0% 1.43[0.97, 1.89] L
Heterogeneity: Tau®= 0.40; Chi*= 26,89, df= 10 (F = 0.001); P= 65% b + T ! m

Testfor overall effect: Z=6.07 (P = 0.00001)

FHisE &

B BIFRMEREHARBHBTHERS OPG B mRNA FiAKF
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Std. Mean Difference

Std. Mean Difference
IV, Random, 95% CI

g gl
Study or Subgrou Mean SD Total Mean SD_Total Weight
2k 2019 0117 0.0618 17 0286 0.244 15 141%
SR 2016 0.128 0.0447 20 0274 00626 20 13.9%
FTHE 2024 1.2 01581 10 2.8 03162 10 10.7%
FESEE 2015 1.1 01581 10 378 03162 10 7%
BHEE 2018 0.389 0.0538 10 0416 00664 10 13.8%
HRéfeg 2023 1.3 03162 10 2.6 06325 10 13.2%
PRETLL 2016 33T 0246 20 6347 07111 20 12.8%
T 2021 0.45 1.58811 10 081 1.7076 10 13.9%
Total (95% CI) 107 105 100.0%

Heterogeneity: Tau®= 3.78; Chi®= 91.99, df=7 (P = 0.00001); F=92%
Testfor overall effect 2= 414 (P = 0.00013

I, Random, 95% CI
-0.95 [-1.69,-0.22] -
-2.63 [-3.50,-1.76]
-6.13[8.42,-3.84]
-10.27 [13.93, -6.61]
-0.43[1.32, 0.45]
-2.49 [F3.72,-1.26]
-5.88 [7.01,-4.15]
-0.24 [1.13, 0.64]

-3.07 [-4.53, -1.62]

C BELATH RANK A mRNA K&K

Fgh g iada Std. Mean Difference Std. Mean Difference
Study or Subgiroup  Mean SD Total Mean SD Total Weight [V, Random, 95% C1 IV, Random, 95% CI
HF3 2023 1 0.7906 10 12 B.3246 1m0 71% -2.34 [3.83,-1.149]
SE8IE 2016 1.63 0.2425 12 1.84 02771 12 8.5% -1.158 [2.03,-0.27]
Sk 2019 0.074 00371 17 0125 0.0542 15 9.1% -1.08 [1.83,-0.33]
SR 2016 0.057 0.0224 20 0102 0.0268 20 91% -9 [2.53,-1.04]
#FHE 2024 1 03162 10 1.7 015 10 B7% -2.68 [-3.96,-1.41]
A 2016 0555 01391 10 1.218 01265 10 4. 6% -4.78 [6.65,-2.91]
MESEE 2015 1.24 0.3795 10 252 03162 10 5.8% -3.481 F5.01,-2.01]
BklEEE 2019 1.2 0.4 16 14 04 16 9.2% -0.73 [1.45,-0.01]
oiHAEH 2020 0.07 0.0566 g8 017 0113 8  TE% -1.06[2.12,0.01]
WEE 2018 0.879 0.0569 10 0.957 0088 10 T.9% -1.41 [F2.41,-0.41]
H4ig 2023 1.5 03162 10 27 06325 10 T1% -230[F3.48,-1.12]
HEEE 2018 1.14 0.7275 12 1.56 0.89007 12 8.8% -0.80 F1.31, 0.33]
T 2021 1.24 21503 10 312 52178 10 54% -0.45[1.34, 0.44]
Total (95% CI) 155 153 100.0% -1.63[-2.16,-1.11]
Heterogeneity: Tau®= 0.64; Chi*=43.44, df=12 (P = 0.0001); F=72% j‘
Testfor overall effect Z=6.13 (P = 0.00001)

D HHLAH RANKL B mRNA FRi&EKF

Fgh o Stid. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
MF== 2023 1 0.7908 10 12 63246 10 T.0% -2.34[3.53,-1.148]
B EHIE 2016 1.63 0.2425 12 1.84 0.2771 12 97% -115F2.03,-0.27] -
Sl 2019 0.074 0.0371 17 0125 0.0542 15 11.0% -1.08[1.83,-0.33] -
23fEE 2016 0.057 00224 20 0102 0.0268 20 11.0% -1.79[2.53,-1.04] -
FTHE 2024 1 03162 10 1.7 01581 10 B.5% -2B8[3.96,-1.41] -
aklEtE 2019 1.2 0.4 16 1.4 04 16 11.3% -0.73[1.45,-0.01] /]
afHRTH 2020 0.07 0.0566 8 017 011 8  80% -1.06 F2.12,0.01] I
BEE 2018 0.879 0.0569 10 0997 0.098 10 85% -1.41 [2.41,-0.41] E—
FH4ERE 2023 156 03162 10 27 0G328 10 71% -230[3.48,-1.12] —_—
#2018 114 07275 12 1.56 08007 12 10.3% -0.80[-1.31,0.32] T
EfEE 2021 1.24 21503 10 312 52178 10 9.5% -0.451[-1.34,0.44] I
Total (95% CI) 135 133 100.0% -1.31[-1.72, -0.90] *
Heterogeneity; Tau® = 0.26; Chi*= 21.88, df= 10 (P = 0.02); F= 54% 4 t 2 31

Test for overall effect Z=6.24 (P = 0.00001)

E BI%FEMREMRRENEHLEH RANKL B mRNA FikKF
5 IM3&® OPG/RANK/RANKL {E51EH mRNA FIEKTFH Meta 531 FRHKE

2.4.3 ‘BHHLH OPG/RANK/RANKL {55l
mRNA Fik7KF

14 TR 74 T8 4 21% OPG 1) mRNA &iA
IR o 5 B 23 BT S 7 ) D S ol PR AR v (P=81%,
P<<0.00001) o BN T 7R 5| B = I 752126481
Je BIE AR ) S5 0 1 B BRI (PP=65%, P=0.001) ,
B G 45 RV S AR e . BEALALSL 23 B s
R, THAERSEHZF OPG ] mRNA £

H
1K K 7 TH R 2 L T IR AH [SMD=1.98, 95%Cl

(1.34, 2.61) , P<<0.00001]. 8 TiHWf7T ks 1 B4
2t RANK (1) mRNA RIAKF. FR ISR
HF 2 1) i) S R A = (2=92%, P<<0.00001) . HHfE
R RIANE, TR RI, AR ZE T
HRZA RN AR, TR R 2, T RE

FEREAR o BENLBS B AR s, T A F%
KB 42 RANK i) mRNA ik /KFJ5 1 &35 10
FXFHRA[SMD=-3.07, 95%CI (-4.53, -1.62) , P<
0.00001]. 13 T#F 7RG T &4 2% RANKL [
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A EFIFURE 24115 OPG/RANKL/RANK 5 538 % X501 o Bk K B 1 % 2 1Y Meta 3 #r

mRNA FIEKFo BT s Bk 7 18] i 5 o
W (P=72%, P<<0.0001) . SUBMM BREIFL
RAB R AR Y B 7T 8 e e i M 2 oo .
BE LSS o BT A A 2 s, T TU2E AR BRI i L 21
RANKL [ mRNA FIA7KFJ7 1H & 350 T-%7 R 20
[SMD=-1.63, 95%CI (-2.16, -1.11) , P<<0.00001].
K s,

2.4.4 HHLA T OPG/RANK/RANKL 155 i
()8 H RIS K

13 Wi Fedikss 7a 44 OPG R FIRIAK
V- o S 5T 43 BT S T A T ) S SO PR A e (P=82%,
P<<0.00001) o US> Bt 7 51 ok 3 T 7 20481 f5
TP 50 ) P S 0 1 Y 25 BRI (P=68%, P=0.0005) , {H
G A AR R = AR M . BEATL RN 7 A B 2R
BoR, TIAEREE AL+ OPG HIE HRIEKT

Std. Mean Difference

7 T S 2 AT IR [SMD=2.01, 95%C1(1.30, 2.72),
P<<0.00001]. 3 TR 5Tk T B 4148+ RANK [
FI Rk RSP o 5 0 4 A 2O B AT DA O S O
(P=0%, P=0.52) , {HAYNCwkED, AIREFIER
Fefmfaro BEALN T B BoR, IR
ZH 237 RANK )8 3R /K1 7 T 2 3 0T 0 B 4
[SMD=-2.31, 95%CI (-2.94, -1.68) , P<<0.00001]-
14 U 7R T 4404 RANKL 8 ([ R KF
s BUPE S A R FU IR ) R S i (P=87%, P<
0.0001) . HRAEHLEMPIAE, WH 35 KN,
B A 25 CF — U AR & U7, BT R AELE R R o
BE ML RS 73 AT A B RO, T WAL AE BRI A
RANKL HJ & H 3 K J7 1w 2 00 10 i
[SMD=-1.63, 95%CI (-2.16, -1.11) , P<<0.00001].
WK 6.

Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% Cl

FiasH gk
Study or Subgroup  Mean SD Total Mean SD Total Weight
TR 2017 095 0.0637 B 072 00343 F A0%
HFE 2023 018 01887 10 006 01265 10 90%
HHE 2024 08 06325 10 03 06325 10 90%
Bkl 2018 04 008 16 035 004 16 95%
kAR 2020 056 0.0283 8 05 00283 3 7%
BifE 201 058 0.0833 B 0371 00837 f BE%
&:HR 2020 104 02324 15 053 01162 15 BT%
HER 2024 1.01 0.4157 12 038 02425 12 8.8%
FRERE 2023 08 00632 10 04 0036 10 30%
M 2023 078 03578 20 023 00834 20 94%
547 2023 051 03162 10 D038 04743 10 91%
Rz 2015 0.589 0.0833 8 0137 00311 5 43%
PRETa] 2016 0.215 0.0671 0 013 00938 20 97%
Total (95% CI) 151 151 100.0%

Heterogeneity Tau®=1.23; Chi®= 6617, df=12 (P = 0.00001); F= 82%
Testfor overall effect: = 6.56 (P = 0.00001)

415 [1 83, B.47]
0.71 [-0.20,1.52]
0.76 [0.16, 1.67]
0.77 [0.05, 1.48]
2.00[0.74,3.27]
2,60 [0.80, 4.30]
2701 B8, 3.79]
1.79 [0.81, 2.78]
9.59 [6.18, 13.01]
207 [1.29, 2.65]
0.31 [0.57,1.19] -
B.15 [3.50, 8.79]
1.07 [0.36, 1.68]

2.01[1.30,2.72]

A BiE40F OPG HERFRIAKE

s AR Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
FEEHE 2017 0.95 00837 6 072 00343 G 38% 4.15[1.83, 6.47]
M3 2023 018 01897 10 0.06 01265 10 10.0% 0.71[-0.20,1.62] I
FHE 2024 08 06325 10 0.3 06328 10 100% 0.76 [-0.18, 1.67] T
Shl R 2019 04 008 16 035 004 16 113% 077 [0.048,1.45] —
SHRTA 2020 0.56 00283 g 0.4 00283 7 T8% 2.0000.74, 3.27] I
B 2021 0.58 00833 6 0371 00837 B 57% 2601090, 4.30]
B8 2020 1.04 02324 15 053 01162 15 93% 27001.68, 373 -
FHEH 2024 101 04157 12 038 02425 12 96% 1.79[0.81, 2.76] —
e 2023 078 03578 20 023 00834 20 10.8% 207[1.29,2.85] -
1#4f 2023 081 03162 10 0.38 04743 10 10.2% 0.31 [-0AF 1.19] N
FFRATAT 2016 0.215 00671 20 013 00939 20 11.6% 1.02[0.36, 1.68] -
Total (95% Cl) 133 133 100.0% 1.4910.97, 2.02] . 4

Heterageneity: Tau®= 0.50; Chi*= 31.60, df=10 (P = 0.0005); F= (8%
Test for overall effect £= 547 (P = 0.00001)

B BIFRMEREAREHEHR D OPG WERFRIAKF
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B 1A% P 2451875 OPG/RANKL/RANK 15 538 % i34 B IR

BN K U # Y Meta 730 A

Std. Mean Difference

Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

Fgh o]
Study or Subgrou Mean SD Total Mean SD Total Weight
FTHE 2024 0.5 0.3162 10 1.25 01581 10 229%
248 2023 0.41 01265 10 1.03 0.3162 10 26.8%
B2H7 2020 0.78 01549 15 118 02324 15 50.3%
Total (95% CI) 35 35 100.0%

Heterageneity: Tau®= 0.00; Chi*=1.31,df= 2 (P =052, F= 0%
Testfor averall effect Z=7.15 (P = 0.00001)

Std. Mean Difference

-287[4.20,-1.88) — =

S247[369,-1.24 02— ——
-1.97 [2.86,-1.08] —
-2.31[-2.94,-1.68] i
-4 -2 0 2 4

P w R

B0 5 RANK HIEARIEKFE

Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

EC
“FgH HHEEH
Study or Subgroup Mean SD Total Mean SD_Total Weight
1 2016 1.4 4 25  2EBS 4899 24 81%
M3 2023 018 0.0832 10 0.3 0.0B32 10 7.3%
2020 311 5028 10 315 39845 1m 77%
FTHE 2024 0.6 0.4743 10 1.6 0.3162 10 7.0%
okl 2019 or 0.04 16 0.9 0.04 16 6.5%
aARTA 2020 059 0198 8 078 01697 8 73%
2k48 2023 0.45 0.1265 10 1.08 0.3479 10 7.0%
B 2021 0.39 01641 6 0815 0.1z 6 59%
B#HF 2020 0.88 00775 15 137 00775 15  &T%
HHEH 2024 046 02771 12 1.32 05198 12 T7.4%
FRsHaE 2023 04 03162 10 1.5 0.4743 10 6.9%
21 2023 0.7 08222 10 1.34 03479 10 7.5%
FRETEL 2016 0.279 0.0402 20 0318 0.0581 0 80%
Bh{s 2020 1.2 06325 10 1 03182 10 T76E%
Total (95% CI) 172 171 100.0%

Heterogeneity: Tau®=1.75; Chi*= 103.93, df= 13 (P = 0.00001); F= 87%
Testfor overall effect: £=4.71 (P = 0.00001)

-0.25 [-0.82, 0.31]
1,82 [-2.90,-0.74]
-0.01 [-0.88, 0.87]
-2.38 [3.568,-1.17]
-4.57 [6.33,-3.47]
-0.87 [-2.02, 0.08]
-2.34 [3.54,-1.14]
-2.73 [4.48,-0.98]
-B.15 [7.97,-4.33]
-1.99 [3.00,-0.99]
-261 [3.87,-1.34]
-0.97 [1.91,-0.03]
-0.78 [1.43,-0.14]

0.38 [0.50,1.27]

-1.82 [-2.58, -1.06]

7 4
PR AR

D &L RANKL HEBRIZKFE

& 6

3 g

B R B AN 2 A R SR AR B AL 2 OPG/
RANKL {55 R LAG T B , {6 7 8 v 400 i 2k P
S, NERE ARG T RS PR, OPG R E
SR Y ) RANK AT 554V gE G, High
HrRe /198 T RANKL, M Al BLA 24BH iE RANKL 5
RANK 256, B2 TR 1 4 i i =X s B2 (145 5
i3, PRI AR T R, X B 4R 3 B s 43
PR RS S A A F o AR 72085 Meta 20T A R
GV T, TR TANBEIEBE A0 OP ALK R,
OPG/RANK/RANKL 15 5 18 % ¥ T RS Je F AT H
MU BFFCEE R, B SEBE 24 7] B35 008 OP
LR K B ) B AR PR, AR AL 32 2 g %)
OPG/RANK/RANKL {5 5 8 i f) 1 42 5k S

FESERS T T, AN 933 2 SD M
PEAR (HRFTEZ) 200g, 12 A Bl 7 A
F G AR BERAARRE, FLMEEER TR S
NZEAL . (ERERIAE, BARON I BRIE AL
Y28 o B AN B S5l PR B AR, (B4 A7
—EJRPRME. H e, A S UM K SR
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B ¢H4AH OPG/RANK/RANKL & 5@ E B FRIEKFH Meta DRI E

T ESRRSERRE AR ZR . IR, KRS AE
FEA BRGS0 b A 22 7 ] e S B I 45 M i A HE
PESZPR, 3 — Al LS R 3t — 2B ER AT o

Meta 745 R 8oR, #NEIEBE T 257 2 A OCHE
fobr LRI B AT IR, IR AR AR 1L
SE AR A B LAY &, B 45 RAR b
FAEPAE B A E, X ATREIR T BU R R 58
WrshW ARz S (MR AR 5 R K ]
MIZSE; THUT % (G2 R TR ER;
PRI S B 2 57 5 . IS R AEAE AN ]
SCHR AR AR AR IR e S0 R ) JE PR T s et e . R
EAFAERR S VR AR, (R R U 7 M AT 4
OIMTIESE T W S A R RN . HSE RN,
FEAE FE MR AL a8 b, KZHWETT (39/41)
KB E AL, A 2 e STk e i U
HE o TRl B AL (0 AN — S AT e 4 SR AR
A R, R SR A G — IR AL LA
GERIIAIAEIE .

FEX TGP FE T, K2 KA 2 SRR
TR TIIRIT . YANG BRI, it B R T B
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DA A F5H) RANKL ik, HUANG 25215
FH 9 B Wk AL F RANKL 55 5 A% & 40 0 i 4
RAW264.7 4fiffd, F#{K T RANK. c-Fos. NFAcl /]
mRNA FlE A FRIE, #0f] T RANKL %5 f0 8
AR R X LERE T TR 0 UESE T 2 AR R R 25
J7 T OP BEAY K BRI 2, (H &b sk 241
TRAH G SUEYERF 78, AR T B — B =&+
TR B 22 57, DL RO SRR 28 B 52

Zx LRTIR, ABFFCIESE AN B RS 2 n]
1% OPG/RANK/RANKL 15 5B ki3 OP 7Y
KREEREPRE . 2R, T W2t 5 ik R
T AFAE A TGV, VKRR BT 21 1™ i
GEiTAHE 70 2 1 e o SRR AL RS, DL — P e
WEIXLeR SRR, FF IR R FLI RS A RIS, 2
WE S U ROGEAE T IO R . R—N &R
FREE B ITIEF I /R, LASE ik 7t e R n] S i

Sk

WhM, 55 I, 25500, A5 AR 24 06 B B AL E K R
K Wnt/ B -catenin {5 5 18 B 821 1] Meta 43 #7[1].+
& 2023,35(07):16-29.
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i

REZE

BEIL
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ZedE # 3 42 OPG/RANKL/RANK &% 58 R FAGE S

ZIHIE T3 R [J].959 B P PR 4 7,2018,34(08):229-232.
HHAE IR 2 RN R B AT 2R 500 2 2 b [ R AL
FE AT 2 A A AR % 7 & DT Bh 45 R KA )]
e R AT SR 2 6,2019,12(4):317-318.

T RARH, & 4k NI, EF S RA, 55 B 5 BU% AR AR Rl R
LI T (9]0 2 [ PR [ 24,201 5,26(04):983-986.

W5 e, B R, AT 19,25 35T Wt/ B -catenin 15 5 i %
ANEFE L 2R T R I O RS B BB RE 7
LA 7T 38 FR (0], S HP 125 24,2024,41(12):1620-1626.

N FER, T A3 2R i, 55 AN P 4525 T OPG/RANKL/
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