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Model  Study name Statistics for each study
Std diff  Standard Lower Upper
inmeans  error  Variance limit  limit
Astinchap et al. 2021, a -1.379 0483 0233 -2325 -0433
Astinchap et al. 2021, b -1199 0.492 0242 -2164 -0.235
Whyte et al. 2020 -0.226 0.389 0151 -0987 0536
Abdelbasset et al. 2020, a -1.289 0471 0222 -2213 -0.365
Abdelbasset et al. 2020, b -1174 0471 0222 -2097 -0251
Wong et al. 2018, a -0.267 0.227 0052 -0712 0179
Wong et al. 2018, b -0.525 0.233 0054 -0983 -0.068
Redgaard-Hansen et al. 2017, a -0.09%6 0.316 0100 -0716 0524
Redgaard-Hansen et al. 2017, b -0.044 0318 0101 -0668 0579
Houghton et al. 2017 0.118 0.409 0167 -0683 0918
Nkroo et al. 2017 -1.383 0.446 0198 -225 -0.509
Rezende et al. 2016 -0.141 0.317 0100 -0.762 0480
Fughet al. 2014 -0623 0.460 0211 -1523 0278
wanaga et al. 2020 -0.947 0.497 0247 -1922 0027
Hoseini et al. 2020 -1.304 0.492 0243 -2270 -0.339
Shojaee-Moradie et al. 2016 -0.236 0.389 0151 -0998 0526
Dong et al. 2016 -0.165 0124 0015 -0408 0079
Quthbertson et al. 2016 -0.240 0.290 0084 -0.807 0328
Hallsworth et al. 2015 -0572 0426 0181 -1406 0.263
Al-Jffri et al. 2013 -2.460 0.265 0070 -2979 -1.940
Sullivan et al. 2012 -1474 0.557 0310 -2566 -0.382
Hallsworth et al. 2011 0.005 0.465 0216 -0906 0916
Pronrat et al. 2010 -0.736 0.406 0165 -1533 0061
Zelber-sagi et al. 2014 -0.016 0.250 0063 -0507 0474
Hemetfar et al. 2017 -0.757 0518 0268 -1771 0258
Barani etal. 2014, a 0132 0.500 0250 -0.849 1113
Barani et al. 2014, b -0.068 0494 0244 -1.035 0900
Davoodi et al. 2012 -1.939 0495 0245 -2909 -0.969
Behzadi noghadamet al. 2017 -0.387 0.461 0212 -1290 0515
Nejadsalimet al. 2018 -0.69% 0.376 0141 -1433 0041
Rajabi et al. 2021 -0.221 0428 0183 -1059 0618
Hosseini Kakhk et al. 2015 -0.299 0.467 0218 -1214 0617
Tondpa Khaghani et al. 2019, a -2.524 0.716 0512 -3927 -1121
Tondpa Khaghani et al. 2019, b -1.350 0.601 0361 -2528 -0.173
Keshavarzi et al. 2020 -3.238 0.680 0462 -4570 -1.906
Beigi et al. 2020 -0.742 0.462 0214 -1648 0.164
Keymesi et al. 2017 -1.004 0475 0225 -1934 -0074
Nazarieh et al. 2020 -1.295 0.402 0161 -2083 -0.508
Zar etal. 2016 -0.481 0433 0187 -1329 0367
Bahramet al. 2021 -1.034 0476 0227 -197 -0.101
Aliniya et al. 2020 -0.700 0.461 0212 -1603 0.203
Random -0.735 0112 0013 -0955 -0515

Std diff in means and 95%Cl

Z-Value p-Value
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Model  Study name Statistics for each study Std diff in means and 95%Cl
Std diff  Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Astinchap etal. 2021, a -1.983 0.526 0277 -3014 -0951 -3.766 0.000 —.—
Astinchap etal. 2021, b -1.619 0519 0269 -2635 -0602 -3120 0.002 —1
Wong etal. 2018, a 0.067 0.227 0.051 -0377 0510 0294 0.769
Wong etal. 2018, b -0.307 0231 0053 -0759 0145 -1329 0.184
Redgaard-Hansen etal. 2017, a -0.145 0317 0100 -0.765 0476 -0456 0.648
Redgaard-Hansen etal. 2017, b -0.023 0318 0101 -0646 0601 -0.071 0.943
Houghton et al. 2017 0.225 0.410 0.168 -0578 1027 0548 0583
Nikroo et al. 2017 -1.217 0.436 0190 -2071 -0.363 -2.794 0.005 ——
Rezende etal. 2016 0.155 0317 0101 -0467 0776 0488 0.626
Pugh etal. 2014 <1213 0487 0237 -2167 0259 -2492 0013 +—a—
Iwanaga et al. 2020 -0918 0.496 0246 -1.889 0053 -1.852 0.064
Hoseini etal. 2020 -1.673 0.520 0270 -2692 -0.655 -3220 0.001 —1
Shojaee-Moradie et al. 2016 -0.436 0.392 0154 -1204 0332 -1112 0.266
Dong etal. 2016 -0.140 0.124 0.015 -0.383 0104 -1125 0.260
Cuthbertson etal. 2016 -0.236 0.290 0.084 -0804 0331 -0816 0414
Hallsworth etal. 2015 -0.527 0.425 0180 -1.359 0305 -1.241 0215
A-Jiffri et al. 2013 -1.880 0.240 0.058 -2350 -1409 -7.827 0.000 -
Promratetal. 2010 -0.074 0.395 0.156 -0.847 0699 -0.187 0.852
Zelber-sagi etal. 2014 -0.011 0.250 0.063 -0501 0479 -0.043 0.965
Hematfar etal. 2017 -1570 0572 0327 -2691 -0450 -2.746 0.006 ———
Barani etal. 2014, a -0.632 0511 0261 -1633 0370 -1.237 0216
Barani etal. 2014, b -0.013 0494 0244 -0980 0954 -0.027 0979
Dawoodi etal. 2012 -0.892 0.428 0183 -1.731 -0.053 -2084 0.037
Behzadi moghadam etal. 2017 -0.523 0.464 0215 -1432 0386 -1128 0.259
Nejadsalim etal. 2018 -0.985 0.387 0150 -1.743 -0227 -2548 0011 ——
Rajabi etal. 2021 -0.066 0.427 0182 -0902 0770 -0.155 0877
Hosseini Kakhk et al. 2015 -0.370 0469 0220 -1288 0548 -0.789 0430
Tondpa Khaghani etal. 2019,a -0.584 0.558 0311 -1678 0510 -1.046 0.295
Tondpa Khaghani etal. 2019, b -0.467 0.554 0307 -1554 0619 -0.843 0.399
Keshavarz etal. 2020 -0.537 0.455 0207 -1429 0355 -1179 0.238
Beigi etal. 2020 -0.611 0.458 0209 -1507 0286 -1335 0.182
Keymasi etal. 2017 -1.062 0.478 0228 -1998 -0.126 -2223 0.026 —i—
Nazarieh etal. 2020 1873 0438 0192 2731 -1014 -4276 0.000 ——
Zaretal. 2016 0.016 0.426 0182 -0.820 0852 0.037 0970
Bahram etal. 2021 -1.136 0.482 0232 2081 -0.192 -2357 0018 ——
Random -0.612 0.112 0.013 -0.832 -0.391 -5440 0.000 L 2
-4.00 -2.00 0.00 2.00 4.00
Exercise Control
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Model Study name Statistics for each stud: Std diff in means and 95%Cl
Std diff  Standard Lower Upper
inmeans  error  Variance limit  limit ZValue p-Value
Rodgaard-Hansen etal. 2017,a 0129 0316 0100 -0492 0749 0407  0.684
Rodgaard-Hansen etal. 2017,b 0197 0319 0102 -0428 0822 0618 0536
Houghton et al. 2017 0123 0409 0167 -0678 0924 0302 0763
Rezende et al. 2016 0.030 0317 0100 -0591 0650 0094 0.925
Pugh etal. 2014 -0.066 0449 0202 -0947 0815 -0.146 0.884
Hoseini et al. 2020 -3.035 0656 0430 -4321 -1749 -4627  0.000 +u—
Shojaee-Moradie et al. 2016 -1.859 0463 0214 -2766 -0953 -4019  0.000 -
Dong et al. 2016 -0.108 0124 0015 -0351 0136 -0.867 0.386
Cuthbertson et al. 2016 -0.505 0203 0086 -1080 0069 -1724  0.085
Hallsworth et al. 2015 -0.269 0419 0176 -1091 0553 -0.641 0522
AL-Jiffri et al. 2013 -2.241 0255 0065 -2741 -1740 -8781  0.000 =
Zelber-sagi et al. 2014 -0.446 0253 0064 -0942 0050 -1761 0.078
Nazarieh et al. 2020 1331 0404 0163 -2121 -0540 -3297  0.001 -
Random -0.662 0244 0060 -1141 -0183 -2708  0.007 <
-8.00 -4.00 0.00 4.00 8.00
Exercise Control
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Model 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
Abdelbasset et al. 2020, a -0.499 0.439 0.193 -1.360 0.361 -1.138 0.255 .
Abdelbasset et al. 2020, b -0.544 0.445 0.198 -1.416 0329 -1.221 0.222 .
Cuthbertson et al. 2016 -0.383 0.291 0.085 -0.954 0.188 -1.315 0.188 _.— —
Houghton et al. 2017 -0.452 0.413 0.171 -1.263 0.358 -1.094 0.274 .
Pugh et al. 2014 -0.510 0.456 0.208 -1.405 0.384 -1.119 0.263 .
Shojaee et al. 2016 -0.601 0.373 0.139 -1.333 0.131 -1.610 0.107 .
Sullivan et al. 2012 -0.912 0.523 0.273 -1.937 0.112 -1.746 0.081 .
Wong et al. 2018, a -0.824 0.236 0056 -1.286 -0.362 -3.494  0.000 ——
Wong et al. 2018, b -0.677 0.236 0056 -1.139 -0.215 -2.869  0.004 —+——
Zhang et al. 2017, a -0.406 0.253 0064 -0902 0091 -1601  0.109 ——t
Random -0.588 0.103 0.011 -0.789 -0.387 -5.734  0.000 L 4
-2.00 -1.00 0.00 1.00 2.00
Exercise Control
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The Impact of Exercise Training on Liver Enzymes and Liver Fat Content in Adults with
Non-Alcoholic Fatty Liver Disease: A Systematic Review and Meta-Analysis
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ABSTRACT

Background: Non-alcoholic fatty liver disease (NAFLD) is a pathological syndrome associated with
increased serum levels of liver enzymes. The purpose of this study was to investigate the impact of exercise
training on liver enzymes (ALT, AST, and GGT) and liver fat content in adults with NAFLD.

Methods: The PubMed, Web of Science, SID, Magiran, and Google scholar databases were searched until
February 2022 for English and Persian articles. Meta-analyses were performed to compare the impact of
exercise training on liver function in patients with fatty liver. SMD and 95% confidence interval (95% CI)
were calculated using effect models. Also, the 12 test was used to determine heterogeneity, and the Funnel
plot and Egger tests at a significant level of 0.1 were used to determine publication bias.

Results: The results of meta-analysis of 36 studies with 1602 patient with NAFLD, showed that exercise
training caused a significant decrease in ALT enzyme [SMD=-0.73, (95% CI: -0.51 to -0.95), p=0.001], AST
enzyme [SMD=-0.61, (95% CI: -0.39 to -0.83), p=0.001], GTT enzyme [SMD=-0.66, (95% CI: -0.18 to -
1.14), p =0.007], and intrahepatic fat [SMD=-0.58, (95% CI: -0.78 to -0.38), p=0.001].

Conclusion: The findings of the present meta-analysis show the important role of exercise training (aerobic,
resistance, and combined training) in improving liver function. So, all three types of aerobic, resistance, and
combined exercise are suggested as a non-drug approach to reduce liver enzymes and intrahepatic fat for
adults with NAFLD.

Keywords: Exercise, Alanine aminotransferase, Gamma-glutamyl transferase, Aspartate aminotransaminase,
Non-alcoholic fatty liver disease
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