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Model Study name Statistics for each study
Std diff  Standard Lower Upper

in means error  Variance  limit limit Z-Value
Osali, 2020 1.046- 0.455 0.207 1.937- 0.155 2.301-
Nazarabadi et al. 2022 9.690- 1.488 2215 12.607- 6.773 6.510-
Venoj?rvi et al. 2013a 0.104- 0.279 0078 0651- 0443 0.372-
Venoj?rvi et al. 2013b 0.202- 0.276 0076 0.742- 0338 0.734-
Stensvold et al. 2012a -0.002 0.548 0300 1.076- 1.071 -0.005
Stensvold et al. 2012b 0.298- 0.542 0294 1.360- 0.765 0.549-
Sang et al. 2015 1.028 0.366 0134 0311 1746 2810
Donley et al. 2014 0.442 0.477 0228 0493- 1378 0927
Cooper et al. 2016a 0.009 0.516 0267 1.003- 1.021 0.018
Cooper et al. 2016b 0.355- 0.519 0270 1.373- 0663 0.684-
Cooper et al. 2016¢ 0.189- 0.564 0318 1.293- 0916 0.335-
Levinger et al. 2009 0.177- 0.366 0134 0894- 0540 0484
Osali and Mostafavi, 2017 1.212- 0.444 0.197 2.083- 0.342- 2.730-
Saghebjoo et al. 2017 0.750 0.378 0.143 0009 1490 1.985
Random 0.327- 0.269 0073 0.8355- 0201 1.216-

Std diffin means and 95% CI

p-Value

0.021
0.000
0.710
0.463
0.996
0.583
0.005
0.354
0.986
0.494
0.738
0.628
0.006
0.047
0.224

-
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Model Study name Statistics for each study
Std diff Standard Lower Upper
in means error  Variance limit limit
Venej?rvi et al. 2013a 0.338- 0.281 0.079 0.888- 0.212
Venoj?rvi et al. 2013b 0.414- 0.278 0.077 0.958- 0.130
Stensvold et al. 2012a 0.065- 0.548 0.300 1.139- 1.009
Stensvold et al. 2012b 0.708- 0.554 0.307 1.793- 0.378
Donley et al. 2014 0.327 0.475 0.225 0.603- 1.257
Cooper et al. 2016a 0.110 0.517 0.267 0.903- 1.123
Cooper et al. 2016b 0.422- 0.521 0.271 1.443- 0.598
Cooper et al. 2016¢ 0.395- 0.566 0.321 1.505- 0.715
Levinger et al. 2009 0.666- 0.375 0.141 1.401- 0.089
Saremi et al. 2011 0.000 0.437 0.191 0.856- 0.856
Osali, 2018 2.345- 0.530 0.281 3.385- 1.306-
Salimi Avansar 2017 4.396- 0.827 0.683 6.016- 2.776-
Noerollahi et al. 2022 1.942- 0.572 0.327 3.063- 0.822-
Random 0.743- 0.254 0.064 1.240- 0.246-

$td diff in means and 95% €I

Z-Value p-Value

1.204-  0.229

1.491-  0.136

0.119-  0.905

1.278-  0.201

0689  0.491

0213  0.831

0.811-  0.417

0.697-  0.486

1.775-  0.076

0.000  1.000

4.422-  0.000 -

5.319-  0.000 ——

3.397-  0.001 -

2928 0.003 &
-8.00 -4.00 0.00 4.00 8.00
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Model Study name

5td diff Standard

Statistics for each study

Lower

Upper

Z-Value p-Value

inmeans error Variance limit limit
Osali, 2020 1.315- 0.470 0221 2238 0393 2795
Nazarabadi et al. 2022 3.782- 0.697 0.485 5.147- 2Z417- 5.430-
Malin et al. 2013 0.563- 0.510 0.260 1.562- 0436 1.105-
Venoj?rvi et al. 2013a 0.179 0.279 0.078 0.369- 0726 0.640
Venoj?rvi et al. 2013b 0.173- 0.275 0.076 0713 0367 08627-
Antdinio et al. 2020a 0.417- 0.396 0.157  1.194-  0.360 1.051-
Antdnio et al. 20200 0.111- 0.393 0.154 0.880- 0658 0.283-
Stensvold et al. 2012a -0.074 0.548 0.300  1.148- 1.000 0135
Stensvold et al. 2012b 0.418- 0.544 0296 1485 0649 0.767-
Wora-Rodriguez et al. 2018 0.145- 0.285 0.087 0724 0433 0.492-
Bouchonville et al. 2014 0.368- 0277 0077 0811- 0175  1.328-
Cooper et al. 2016a 0.083 0.516 0.267 0.848- 1075 0122
Cooper et al. 2016k 0.479- 0.522 0272 1502- 0544 0817-
Cooper et al. 2016c 0.147- 0.563 0.317  1251- 0857 0.262-
Levinger et al. 2009 0.285- 0.367 0135 1.004- 0434 O0777-
Axzali Alamdari 2018a 1.266- 0.575 0330 2392- 013% 2202-
Axzali Alamdari 2018b 1.740- 0610 0372 2836- 0544 2851-
Saremi et al 2011 -0.08% 0.437 0.1%1 0825 0788 0.157-
Osaliet al, 2018 0.229 0.410 0.168 0.574- 1.032 0.559
Azali Alamdari 2018-2 0.169- 0.394 0155 0.841- 0804 0428
Hasanvand et al. 2022 2.269- 0.604 0.385 3.454- 1.085 3755
Nooroliahi et al. 2022 1.813- 0.560 0.314 2910- 0715 3238
Random 0.569- 0.158 0.025 0878 0259 3.602-

0.005
0.000
0.269
0522
0.531
0293
[y
0.893
0.443
0823
0134
0503
0359
0794
0.437
0.023
0.004
0.375
0578
0.669
0.000
0.001
0.000

5td diff in means and 95% CI

-

4.00 8.00
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Abstract

Introduction: Metabolic syndrome is associated with an increase in chronic inflammation, in
which exercise training may be an effective intervention for the improvement of inflammatory
markers. Accordingly, this study aimed to investigate the effect of exercise training on the
inflammatory markers of interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-a), and C-reactive
protein (CRP) in patients with metabolic syndrome. Materials and Methods: In this study, the
PubMed, Scopus, and Web of Science databases were searched during June 2022 for studies
addressing the effects of exercise training versus control on inflammatory factors, including IL-6,
TNF-a, and CRP. The search keywords were exercise training, inflammation, and metabolic
syndrome. Standardized mean difference (SMD) and 95% confidence interval were used to
determine the effect size using CMA2. Results: Twenty-two studies including 779 subjects with
metabolic syndrome were included in the meta-analysis. Exercise training significantly decreased
TNF-a [-0.74 (CI: -0.24 to -1.24), p=0.003] and CRP [-0.56 (CI: -0.25 to 0.87, p=0.001); however, the
effect of exercise training on the decrease of IL-6 was not significant [-0.32 (Cl: 0.20 to -0.85),
p=0.22]. Conclusion: Exercise training decreases inflammatory markers in patients with metabolic
syndrome, which may be a reason for the positive effects of exercise training on improving the
metabolic status and cardiovascular health in such patients.

Keywords: Exercise training, Inflammatory cytokines, C-reactive protein, Metabolic syndrome
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