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Extended Abstr&
Background arg)u
Alzheimer’s disease is a“neurodegenerative disorder characterized by the accumulation of

illary tangles in the brain. The amyloid-p (Ap) peptide, derived from
ursor protein (APP), is a central component of amyloid plaques and a
D. APP is processed via two pathways: the non-amyloidogenic pathway,
se (ADAM)+), and the amyloidogenic pathway, mediated by B-secretase
nce between these pathways determines AP production, with dysregulation
pathogenesis.
een shown to modulate APP processing, shifting it toward the non-amyloidogenic
ucing Ap production. However, the mechanisms underlying these effects remain
d. This study aimed to systematically review and meta-analyze the effects of
exercise traiaing on cerebral ADAM)+, BACE", sAPPa, SAPPfB, and AB expression, as well as
spatial memory function, in rat models of AD.

Materials and Methods
This systematic review and meta-analysis followed PRISMA guidelines. Studies investigating the
effects of at least ¥ weeks of exercise training in rat models of AD, published in peer-reviewed
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journals up to July Y+ Y¢, were retrieved from databases including PubMed, Google Scholar, SID,
and Magiran.
Inclusion Criteria
Animal studies with control groups.
Studies evaluating the chronic effects (>¢ weeks) of exercise training in AD models.
Acrticles written in English.
Exclusion Criteria | |
Studies combining exercise with other interventions.
Duplicate publications.
Abstracts and reviews.
Two reviewers independently screened titles and abstracts f
resolved through consensus or consultation with a third reviewer.
Data Analysis
A random-effects model was used to calculate standar
(SMD) and 4¢7 confidence intervals (Cls).
Heterogeneity was assessed using the I? stati
heterogeneity.
Publication bias was evaluated using %’
Meta-regression and subgroup anal
moderators such as brain region and interve
Findings

ents were

? differences

«7.indicating high

The overall pooled effect 0 i i DAM) + expression was not statistically

increase in hippocampal ADAM)

rall effeet was observed.
alysis showed a significant decrease in hippocampal BACE)
MD:-Y,#‘: p= v, '\)

se training significantly reduced sAPPp expression (SMD = -Y,04, 4¢/ Cl:
A to-),re).
o significant effect was observed for SAPPa.
pression:
Exercise training significantly reduced Ap expression (SMD = -£,+¥ 40/ Cl: -
AYt0-Y,4Y),
Spatial Memory Function:
Exercise training improved spatial memory function, though heterogeneity was
high.
Heterogeneity and Publication Bias
High heterogeneity (1> > ¢+ %) was observed for all outcomes.
Egger’s regression indicated no significant publication bias.
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Discussion
The findings suggest that exercise training modulates APP processing in rat models of AD, favoring
the non-amyloidogenic pathway. Key observations include:
Increased ADAM) + Expression: The significant increase in hippocampal ADAMY
expression suggests enhanced non-amyloidogenic APP processing in this region.
Decreased BACE Expression: The reduction in hippocampal BACE expression
indicates suppressed amyloidogenic APP processing.
Reduced AP Levels: The significant decrease in Ap expressign s the hypothesis
that exercise reduces amyloid burden.
Mechanisms:
Exercise may upregulate ADAM) + and downregulate
toward the non-amyloidogenic pathway.
Exercise-induced increases in brain-derived neurotrophic
modulate APP processing and reduce A production.
Limitations:
High heterogeneity across studies limits the generali
Most studies used rodent models, necessitating cau
Variability in exercise protocols ano?come
results.
Conclusion
Exercise training shows promise as a non-pha
burden in AD. The observed increases in ADAM
particularly in the hippocampus,
stages. However, further research
elucidate the underlying mechaflisms.
Key Recommendati
Conduct

processing

NF) may further

o

ng to humans.
ribute to inconsistent

ical ﬂrvention for reducing amyloid
decreases in BACE) and A expression,
mitigate amyloid pathology in early AD
these findings in human subjects and

of ADAM) + and decreased expression of BACE) in the hippocampus, along
B and Ap levels in mixed brain tissue samples of AD model mice due to

d a potential reduction in cerebral amyloid burden, especially in the early stages of
ese findings still need to be confirmed in human patients.
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Study name Statistics for each study Std diff in means
Std diff  Standard Lower  Upper and 5% Cl
inmeans  error  Variance  limit limt  ZValue p-Value

Zhang.etal 2019 3.766 0.680 0462 2433 5098 5540  0.000 -I-

Shan zhang.et al 2022 2113 0.395 0156 1339 2887 5353  0.000 [ |

Koo.etal 2017 8514 1,586 2515 5405 11622 5368  0.000 —

Haizhen yu.etal 2021 4683 0.645 0416 3420 5947 7263  0.000 &+

Li.etal 2022 1.023 0.476 0226 0091 1955 2151 0032

Yen.etal 2023 hippocampus 1753 0.679 0461 0421 3084 2580 0010 L 3

Yen.etal 2023 cerebral cortex 1.053 0.616 0379 0155 2260 1709  0.088

Wang.et al 2021 young mices' hippocampus 3427 0.840 0705 1781 5073 4081  0.000 L B

Wang.etal 2021 young mices' cerebral cortex 0.226 0.536 0288 0825 1277 0422 0673
Wang.et al 2021 middle aged mices' hippocampus -3.806 0.896 0803 5562 -2050 -4247  0.000 S o
Wang.et al 2021 middle aged mices' cerebral cortex-0.533 0.544 029% -1599 0533 0980 0327

Broderick.et al 2020 0.148 0501 0251 -0834 1129 0295 0.768
CHo.et al 2015 hippocampus 3529 0.653 0426 2249 4808 5406  0.000 5
CHo.etal 2015 cerebral cortex -0.950 0431 0185 -1794 0106 -2205  0.027

1623 0.565 0320 0515 2731 2870 0004 <

-800 -400 000 400 800
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Figure y- Forest plot for SMD (and their 447 CI for individual trials) determined from 1¥ eligible trials

comparing cerebral ADAM). expression level in exercise trained AD rats with their control
counterparts
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Regression of Training duration on Std diff in means
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Figure ¢- Scatter plot of meta-regression analysis for the association between training duration (weeks)
with SMD of exercise training on cerebral ADAM\ + expression level
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Study name Statistics for each study Std diff in means and 95%Cl

Std diff  Standard Lower Upper

in means error Variance limit  limit Z-Value p-Value
Zhang.et al 2019 -2.655 0.560 0.314 -3.753 -1.558 -4.742 0.000 '.-
Koo.et al 2017 -4.220 0.898 0.807 -5.981 -2460 -4.699  0.000 -
Haizhen yu.et al 2021 -4.342 0.611 0373 5539 -3.145 -7.110 0.000 -.-
Yen.et al 2023 hippocampus 0.723 0.596 0.355 -0.445 1.891 1213 0.225
Yen.et al 2023 cerebral cortex 2,195 0.731 0.534 0.763 3.628 3.004 0.003 -.-
‘Wang.et al 2021 young mices' hippocampus -0.365 0.539 0290 -1.421 0.692 -0.677 0.499
Wang.et al 2021 young mices' cerebral cortex ~ 0.109 0.535 0.286 -0.940 1157 0.204 0.839
Wang.et al 2021 middle eged mices' hippocampus2.636 0.731 0534 -4.067 -1.204 -3.607 0.000 -
Wang.et al 2021 middle eged mices' cortex -0.592 0.546 0.298 -1.663 0.478 -1.085 0.278
Broderick.et al 2020 -13.975 2521 6.354-18.916 -9.035 -5.544 0.000 I._
CHo.et al 2015 hippocampus -6.618 1.039 1079 -8.654 -4582 -6.371 0.000
CHo.et al 2015 cerebral cortex -13.670 2.015 4.060-17.619 9721 -6.784  0.000 <

-3.136 0.838 0703 -4.779 -1.493 3741  0.000 -
-15.00 7.50 0.00 7.50 15.00
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Lyl anlg alslae Y 51 ax8,5 5 (WS lae SIS g0y A8 olued! w9l 9) SMD & i 10905 —F K
oyl Jas glbied b o p0 Jlo 10 AD Jus glagige 300 BACE) (i

Figure #- Forest plot for SMD (and their 447 Cl for individu ials) d
comparing cerebral BACE) expression level in éXegcise traiped ats wi control counterparts
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Figure v- Scatter plot of meta-regression analysis for the association between training duration (weeks)
with BACE) of exercise training on cerebral ADAM). expression level
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Study name

Std diff
in means

Shan zhang.et al 2022 4,568
Haizhen yu.et al 2021 6.088

Wang.et al 2021 -0.500
CHo.et al 2015 1.448
2.859
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Figure a- Forest plot for SMD (and their 447 Cl for individual trials) dete

Standard
error

0.601
0.791
0.543
0.459
13711

Statistics for each study

Variance

0.361
0.626
0.295
0.210
1.879

Lower
limit
3.391
4,537

-1.564
0.549
0.172

Upper
limit
5.746
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0.564
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oo
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and 95% Cl

Z-Value p-Value
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Std diff ~ Standard

Study name

in means
Koo.etal 2017 3.449
Haizhenyu.et al 2021 3.758

Yen.etal 2023 hippocampus ~ 0.633
Yen.etal 2023 cerebral cortex  3.245
2.740

error
0.789
0.554
0.592
0.879
0.819

Statistics for each study

Variance
0.622
0.307
0.350
0.772
0.671

Lower Upper

limit
1.904
2.672
-0.527
1.522
1.135

limit

4.995
4.845
1.792
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Z-Value
4.374
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1.069
3.693
3.346

p-Value
0.000
0.000
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0.000
0.001
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Study name Statistics for each stud Std diff in means and 95% Cl
Std diff  Standard Lower Upper
in means error Variance  limit limit  Z-Value p-Value
Koo.etal 2017 -3.627 0.813 0.661 -5.221 -2.034 -4461 0.000
Haizhenyu.etal 2021 -3.357 0517 0.268 -4.371 -2.343 -6.489 0.000
Yen.etal 2023 hippocampus ~ -0.935 0.608 0.370 -2.127 0257 -1537 0.124
Yen.et al 2023 cerebral cortex -3.696 0.950 0.903 -5559 -1.834 -3.891 0.000
-2.837 0.709 0.503 -4.227 -1.447 -4.000 0.000
-8.00 -4.00 0.00 4.00 8.00
Favours A Favours B
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Study name Statistics for each stud Std diff in means and 95%Cl

Std diff ~ Standard Lower Upper

in means error Variance  limit limit ~ Z-Value p-Value
Zhang.etal 2019 -6.326 1.000 1.000 -8.287 -4.366 -6.325 0.000
Shan zhang.et al 2022 -5.639 0.705 0497 -7.021 -4257 -7.995  0.000 ——
Haizhen yu.et al 2021 -4.743 0.651 0.424 -6.018 -3.467 -7.288 0.000
CHo.et al 2015 hippocampus -3.280 0.625 0391 -4505 -2055 -5247 0.000
CHo.et al 2015 cerebral cortex -4.118 0.721 0520 -5532 -2705 -5711 0.000

-4.707 0.515 0.265 -5.716 -3.698 -9.144 0.000
-8.00 -4.00 0.00 4.00 8.00
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