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Systematic Review and Meta-Analysis of the Effects of Aerobic
Exercise on Bone Mineral Density in Different Body
Parts of Middle-Aged and Elderly Adults
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(1.School of Physical Education,Minnan Normal University ,Zhangzhou 363000, China)
(2.School of Sports Science and Physical Education, Fujian Normal University, Fuzhou 350117, China)
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Abstract ; This study systematically evaluated the effects of aerobic exercise on bone mineral density (BMD) at different
skeletal sites in middle-aged and elderly adults,and aimed to provide scientific evidence for formulating targeted exercise
prescriptions , reducing bone loss and preventing osteoporosis. All relevant randomized controlled trials published from the
inception of each database to December 20,2025 were retrieved from PubMed, Web of Science,Cochrane Library , Embase,
CNKI, Wanfang Database and China Biomedical Literature Database (CBM). Meta-analysis was conducted using RevMan
5.4 software ,and a total of 10 eligible studies involving 917 participants were included. The results showed that compared
with the control group, aerobic exercise intervention significantly increased the BMD of the lumbar spine (MD =0.02,
95%CI;0.01~0.03,P=0.0005) ,femoral neck(MD=0.02,95%CI:0.00~0.040 0,P=0.040 0) and total body ( MD=0.02,
95%CI.0.01~0.03,P=0.004 0). By contrast,no statistically significant differences were found in the BMD of the greater
trochanter(MD=0.01,95% CI. -0.01-0.03, P=0.350 0) and hip (MD =0.00,95% CI. -0.01 ~0.01, P=0.910 0).
In conclusion, aerobic exercise can effectively improve the BMD of the lumbar spine,femoral neck and total body in middle-

aged and elderly adults,which exerts positive effects on weight-bearing bone status and overall skeletal health. However,
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aerobic exercise has no definite improvement effect on the BMD of the greater trochanter and hip, suggesting that the
regulatory effect of aerobic exercise on bone density is site-specific.

Key words : aerobic exercise,bone density , osteoporosis , middle-aged and elderly adults,Meta-analysis
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Fig. 1 Flowchart of literature screening
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Table 2 Basic characteristics of the included literature
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Fig.2 Shows the bias map of the included literature
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed. 95% Cl Year IV, Fixed, 95% CI
Kaiming Chan 2004  0.861 0.144 54 0816 0138 49 3.6% 0.05[-0.01,0.10] 2004 1
thikit 2013 0993 0098 102 0.947 0.092 94 152% 005(0.02,0.07] 2013
3P 2015 0732 009 40 0712 001 40 13.7% 0.02[-0.01,0.05 2015 -—
Wen 2016 11 018 34 105 013 kal 1.9% 0.05[-0.03,013] 2016 ]
Serra 2021 1.205 0.209 28 1.169 0132 26 1.3% 0.04[0.06,013 2021
g 2022 106 016 34 1 043 31 22% 0.06(0.01,013 2022 —
Villareal 2022 112 0028 35 1.151 0039 36 0.0% -0.03[-0.05-0.02] 2022
Jianda Kong 2023 1123 0.156 13 1112 0142 13 0.8% 0.01[-0.10,013] 2023
Gregori 2025 1.147 0.043 54 114 0025 55 61.4% 0.01[0.01,0.02] 2025 E =
Total (95% Cl) 359 339 100.0%  0.02[0.01,0.03] L 4
Heterogeneity: Chi*= 10.07, df= 7 (P = 0.18); F= 30% o1 005 0 obs 01

Testfor overall effect Z= 3.48 (P = 0.0005) Favours [experimental] Favours [control]

3 AAPEZEZREEEETEILRNRRITE
Fig.3 Forest analysis chart of lumbar spine bone mineral density comparison between

the two groups of middle-aged and elderly subjects

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gregori 2025 0.81 0.021 54 0797 0.018 55 22.4% 0.01[0.01,0.02) il
Jianda Kong 2023 0912 0124 13 0905 0125 13 35% 0.01 [-0.09,0.10]
Kaiming Chan 2004 0.74 0116 54 0.703 0.105 49 11.0% 0.04 [-0.01,0.08] T -
Serra 2021 0919 0126 28 0921 014 26 57% -0.00(-0.07,0.07) I
Villareal 2022 0.792 0.025 35 0.805 0.026 36 21.3% -0.01[-0.02,-0.00] -
ikt 2013 0.903 0087 102 0879 0.095 94 16.5% 0.02[-0.00, 0.05) .
T&ES 2022 113 016 34 108 015 31 5.2% 0.05[-0.03,0.13] N e —
3P 2015 1.01 002 40 094 0.1 40 14.4% 0.07 [0.04,0.10] - =
Total (95% ClI) 360 344 100.0% 0.02 [0.00, 0.04] N
Heterogeneity: Tau®= 0.00; Chi*= 32.80, df= 7 (P < 0.0001); F= 79% 2 o 0 o 03

Testfor overall effect Z=2.10 (P =0.04) Favours [experimental] Favours [control]

B4 AADPZEZHEREINBTELRHRHRSTE
Fig. 4 Forest analysis chart of femoral neck bone mineral density comparison between

the two groups of middle-aged and elderly subjects
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Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
CHUBAK 2006 1.241 0.089 17 1.208 0.098 21 4.0% 0.03[-0.03,0.09] ]
Serra 2021 1165 0128 28 1.165 0.094 26 4.0% 0.00[-0.06, 0.06) I B—
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Total (95% CI) 104 105 100.0% 0.02[0.01,0.03] L 2
Heterogeneity: Chi*= 2.98, df= 3 (P = 0.40); F= 0% Y 5 ? PP o

Testfor overall effect. Z= 2.87 (P = 0.004) Favours [experimental] Favours [control]

5 MAFZEZRERETEEELRNHRRIITE

Fig.5 Forest analysis of bone mineral density of the greater trochanter in two groups of middle-aged and elderly subjects
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Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
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Test for overall effect: Z= 2.87 (P = 0.004) Favours [experimental] Favours [control]

6 MATZEZRELSETELEHRKITE

Fig. 6 Forest analysis chart of whole body bone mineral density comparison between two groups of middle-aged and elderly subjects
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Experimental Control Mean Difference Mean Difference

Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Gregori 2025 1.013 0.021 54 1.012 002 55 97.3% 0.00[-0.01,0.01) .
Villareal 2022 1.033 0029 35 0991 0023 36 00% 0.04([0.03,0.05
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Test for overall effect Z=0.11 (P = 0.91) Favours [experimental] Favours [control]

E7 WAPZEZRERDEZTELEHIRKITE

Fig.7 Forest analysis chart of hip bone mineral density comparison between the two groups of middle-aged and elderly subjects
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Table 3 Subgroup analysis results of lumbar spine bone density
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Table 4 Subgroup analysis results of femoral neck bone mineral density
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Table 5 Meta regression analysis results

V%= B1H FrifEiR 15 P{H 95%CI
T T 44 -0.681 0.257 -2.65 0.077 -1.450,0.137
FHin K 0.054 0.192 0.28 0.796 -0.558,0.667
TR -0.204 0.242 -0.84 0.461 -0.976,0.567
RIEIES 0.833 0.371 1.32 0.280 -0.693,1.669

2.6 ERRESH

T SCHERECE A B, BRI ANO0) 285 )5 8 B MBS M 235 | e B S0 85 3 o SR o 2 o U ) TB1 0R 45 &
Egger's R 30 AT & FAMRIITAL. TaH SR, £ B8 a5 KRB0 FR b 5370 76 5 IR0 f 1 AN, % AR B 9%
BE s s B AT Egger’s Kr5, P AHMKIK R 0.277 F1 0.664 , AH I 1 & 25 19 & =l fAr (141 8) .
2.7 REMSH

ARHFFFEGI AR SCRR A, 5553 SCHRIRTE T 323805 18 A DR, 32 A 46 TR DA [ 8T fke B A G PR 36
A NG E W, G058 iR 15 78 % 3R AR RRIE 5 58 iU o B 35 22 5, R B 35 52 )
WFFT 45 J (0 B L.
2.8 IEEBR=EM

K GRADE 4TRSS B PFA (2 6) . 455 W . N Troch 4= 55 % FE UF 4 S 9% %, LS . TH E

— 148 —



WAL, A5 A RAs B T AR SRR B A I R G S Meta 20T

PEFHONRG. X FEREN N REA B, HATIBESEE 7 I R o R AT 70 BE BRI S50 1.

Or 0~ R
o =4 o
a o o] o
0.02 0.02 s
A 004+ S a 004+ ° i e
=) ° = °
2006 ° 2 0.06
0.08 - 0.08 |
010 1 1 1 J 010 1 1 1 J
-0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2
MD MD
(a) 25 JR a1 o s - 14 (b) & SRt bm e B 308 5 B U < 5

8 EREFHLWRELE

Fig. 8 Funnel plot for publication bias analysis
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