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Model Study name

Statistics for each study

Std diff  Standard Lower Upper

in means error  Variance limit limit
Brinkmann et al, 2016 0.297 0.341 0.116 -0.370  0.965
Hall et al, 2017 a 0.634 0.316 0.100 0.014 1254
Hall et al, 2017 b -0.516 0.307 0.094 -1.119 0.086
Hall et al, 2017 ¢ 0.969 0.350 0122 0283 1655
Hall et al, 2017 d -1.022 0.356 0127 -1.720 -0.324
Konetal, 2018 0.296 0.295 0.087 -0.282 0874
Mehri alvar et al, 2012 2181 0.850 0422 0907 3454
Ravasi et al, 2016 0914 0.397 0157 0136 1691
Suhr et al, 2007 0.246 0.293 0.086 -0.329 0820
Suhretal 2021a 0270 0294 0086 -0306 0846
Suhretal, 2021 b 0.398 0.300 0.080 -0.190 0.986
Suhretal 2021 ¢ 0.230 0.292 0.086 -0.343 0.803
Wahl et al 2013 a 0024 0378 0143 0717 0765
Wahl et al, 2013 b 0.080 0.379 0.143 -0662 0822
Random 0.288 0.153 0.024 -0.012 0589

Z-Value

0.873
2.003
-1.680
2.769
-2.870
1.005
3.356
2.302
0.838
0918
1.328
0.786
0.064
0.212
1.880

Std diff in means and 95% Cl

p-Value

0.383
0.045
0.093
0.006
0.004
0.315
0.001
0.021
0.402
0.359
0.184
0.432
0.949
0.832
0.060
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Model Study name

Statistics for each study

Std diff  Standard Lower Upper

in means error  Variance  limit  limit
wahl etal, 2013 0033 0.289 0083 -0599 0533
Suhr et al, 2021 0225 0.292 0085 -0348 0798
Suhr et al, 2007 0.530 0.308 0095 -0074 1134
Ravasi et al, 2016 0.349 0.343 0118 0324 1.0
Mehri alvar et al, 2013 0473 0.373 0139 -0258 1.204
KON et al, 2018 0.387 0.299 0.090 -0.199 0974
Hall et al, 2017 d -1.003 0.354 0125 -1.697 -0.310
Hall et al, 2017 ¢ 1.502 0.421 0177 0677 2327
Hall et al, 2017 b 0414 0.737 0543 -1.858 1.030
Hall et al, 2017 a 0.012 0.289 0.083 -0554 0578
Brinkmann et al, 2016 0.578 0.360 0130 -0.128 1.283
Random 0.251 0.169 0.028 -0.080 0.582

Z-Value

0113
0.770
1.720
1.015
1.269
1.293

-2.835
3.567

-0.562
0.041
1.604
1.486

Std diff in means and 95% CI

p-Value

0910
0.442
0.085
0.310
0.204
0.196
0.005
0.000
0574
0.967
0.109
0.137

-4.00 -2.00 0.00 2.00 4.00
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Model  Study name

Statistics for each study

Std diff  Standard Lower Upper
in means errer Variance limit limit
Kon et al, 2014 1239 0.584 0341 0085 2383
Nourshahi et al, 2012 1.309 0.551 0304 0229 2.388
Saeidian et al, 2020 1680 0475 0225 0749 2611
Wang et al, 2014 0.563 0322 0104 -0.069 1.195
§Zebrowska et al, 2019 -0.058 0.577 0333 -1.190 1074
Wisniewska et al, 2020 1.060 0.503 0253 0073 2047
Amir shaghagi et al, 0179 0.448 0201 -1058 0699
Young Park et al, 2017 0.731 0.462 0213 -0174 1637
Random 0.769 0.226 0051 0326 1213

Z-Value

2123
2.375
3538
1.745
-0.101
2.106
-0.400
1.583
3.404

Std diff in means and 95% Cl

p-Value
0.034 —_—
0.018 ——
0.000 ——
0.081 -l—
0.920
0.035 |+
0689
0.113 +——
0.001 L

-4.00 -2.00 0.00 2.00 4.00

Favours Normoxic exercise Favours Hypoxic exercise
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The Effect of Acute and Chronic Exercise in Hypoxia on Circulating Vascular
Endothelial Growth Factor Levels: A Systematic Review and Meta-Analysis
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Abstract

Background: The present meta-analysis aims to compare the effect of acute and chronic exercise in hypoxia versus
normoxia on vascular endothelial growth factor (VEGF).

Methods: In April 2024, a comprehensive search was conducted in PubMed, Web of Science, and Scopus
databases to find original studies. The inclusion criteria for this study included articles published in Persian and
English-language journals, with human subjects, investigating the acute and chronic effect of exercise training in
hypoxia against similar exercise training in normoxia and measuring serum or plasma levels of vascular endothelial
growth factor. Standardized mean (SMD) and 95% confidence intervals (Cls) were calculated using the random
model.

Findings: A total of 16 studies with 283 subjects and an age range between 15 and 30 years were included in the
meta-analysis. The results of data analysis showed that acute exercise in hypoxia [SMD: 0.28, P = 0.06] and
normoxia [SMD: 0.25, P = 0.13] did not lead to significant changes in VEGF immediately after exercise when
compared to pre-exercise. However, exercise training in hypoxia condition leads to a significant increase in VEGF
compared to exercise training in normoxia [SMD: 0.76, P = 0.001].

Conclusion: The results showed that acute exercise training in hypoxia and normoxia had no significant effects
on VEGF. Chronic exercise training in hypoxia may lead to an increase in circulating VEGF values compared to
exercise training in normoxia, which indicates the role of hypoxia in the beneficial effects of exercise training.
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