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Model Study name Statistics for each study Std diff in means and 95% CI

Std diff  Standard Lower Upper

in means  error Variance limit limit ZValue p-Value
Gonzalez-Ruiz et al, 2021 a -0.855 0417 0174 -1673 -0.037 -2.048 0.041 —ﬂ
Gonzalez-Ruiz et al, 2021 b -0.361 0.393 0185 -1132 0410 -0.918 0.358
Gonzalez-Ruiz et al, 2021 ¢ -0.673 0.409 0.167 -1474 0128 -1.646 0.100 —H
Iraji et al, 2021 a -0.690 0.521 0272 4711 0332 1324 0.186 —
Iraji et al, 2021 b -0.824 0.527 0.278 -1.857 0208 -1.565 0118 —H
Labayen et al, 2020 -0.309 0.187 0.035 -0675 0057 -1656 0.098 [ |
Lee et al, 2012 a -0.773 0.472 0223 -1699 0152 -1.637 0.102 —H
Lee et al, 2012 b -0.810 0.494 0.244 1778 0158 -1.639 010 —
Leeetal 2013 2 -0.892 0.497 0.247 -1867 0082 -1.794 0.073 —H
Lee et al, 2013 b -0.561 0.486 0.236 -1514 0392 -1.154 0.249 —H
Lee et al, 2018 a -3.389 0421 0177 4214 2563 -B.045 0.000 HE—
Lee et al, 2018 b -1.421 0.224 0.050 -1.860 -0.982 -6.340 0.000 l 3
Lee et al, 2018 ¢ -3.263 0.398 0158 4042 -2484 5207 0.000 Hl-
Medrano et al, 2019 a -0.125 0.278 0.0v6 -0.665 0415 -0482 0.651
Medrano et al, 2019 b -0.180 0313 0098 -0793 0432 -0577 0.564
van der Heijden et al, 2010 0.019 0.289 0.083 -0.547 0.585 0.067 0.947
van der Heijden et al, 2009 a -0.316 0.265 0.070 -0.835 0202 -1.196 0.232
van der Heijden et al, 2009 b -0.269 0.272 0.0v4 -0.802 0264 0988 0.323

Random -0.851 021 0.044 -1.265 -0438 -4.035 0.000 *»
-8.00 4.00 0.00 4.00 8.00

Favours Exercise training/ post exercise Favours Control/Pre exercise
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Model  Study name Statistics for each stud Difference in means and 95% CI
Difference  Standard Lower  Upper
in means error  Variance  limit limit ZValue p-Value
GonzalezRuiz et al, 2021 a -4.470 2234 4989 8848 -0092 -2001 0.045 —a—
GonzalezRuiz et al, 2021 b -3.820 2.207 4871 8146 0506 174 0.083 —
GonzalezRuiz et al, 2021 ¢ -5.540 2.363 5582 10171 -0909 -2.345 0.019 —_—
Irajietal, 2021a -0.930 1.443 2083 -3758 1898 -0.644 0.519
Irajietal, 20210 -1.190 1773 3145 4666 2286 -0671 0.502 :E
Labayen etal, 2020 0.300 0.886 0784 14368 2036 0.339 0735
Leeetal 2012a -24.100 30,105  906.329 83105 34905 -0.801 0.423
Leeetal 20120 -16.500 30954 958170 -F7.169 44169 -0533 0.594
Leeetal 2013a -7.690 7.696 59229 -22774 7394 -0999 0.318
Leeetal 2013b -1.360 7.758 60188 -16565 13845 -0.175 0.861
van der Heijden et al, 2010 -2.000 1.851 3426 5628 1628 -1.080 0.280 e
van der Heijden et al, 2009 a -3.600 2.562 6.562 8621 1421 -1405 0.160 —_—
wan der Heijden et al, 2009 b -0.600 0.898 0.806 -2360 1160 -0.668 0.504
Random -1.327 0523 0274 -2352 -0301 -2536 0.011
-32.00 -16.00 0.00 16.00 32.00

Favours Exercise training/ post exercise  Favours Control/Pre exercise
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Model  Study name Statistics for each study Difference in means and 95% Cl
Difference Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
GonzalezRuiz et al, 2021a -10.770 4.622 21.362 19829 1711 -2330 0.020
GonzalezRuiz et al, 2021 b -8.870 4.408 19431 7510 -0230 -2012 0.044 L
GonzalezRuiz etal, 2021¢ -0.040 4.785 22899 18419 0339 -1.889 0.059
Labayen etal, 2020 -0.500 1.076 1158 2609 1609 -0.465 0.642
Leeetal 20122 -0.100 0.819 0.671 1706 1506 -0.122 0.903
Leeetal 20120 0.400 0874 0765 1314 2114 0.457 0.647
Leeetal 20123 -3.460 4.690 21998 12853 5733 -0738 0.461 —
Leeetal 20130 -0.740 4536 20573 9630 81850 -0163 0.870
Leeetal 20182 -0.500 0.200 0.040 0891 -0.109 -2506 0.012
Leeetal 20180 -1.600 0.199 0.040 18990 1210 -5031 0.000 [ ]
Leeetal 2018¢C 0.900 0.199 0.040 0510 1.290 4518 0.000
van der Heijden et al, 2010 0.000 1.767 3121 3483 3463 0.000 1.000
van der Heijden et al, 2009 a 0.000 1580 2497 3097 3097 0.000 1.000
van der Heijden et al, 2009 b 0.000 1.636 2675 3206 3.206 0.000 1.000
Random -0.538 0.479 0229 -1476 0401 -1122 0.262
-20.00 -10.00 0.00 10.00 20.00

Favours Exercise training/ post exercise Favours Control/Pre exercise
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Model  Study name Statistics for each study Difference in means and 95% CI

Difference  Standard Lower Upper

in means error  Variance limit  limit Z-Value p-Value
Gonzalez-Ruiz et al, 20213 -1.710 0.585 0.354 -2877 -0543 2873 0.004 ——
Gonzalez-Ruiz et al, 2021 b -1.340 0.573 0328 -2462 0218 2340 0019 —
Gonzalez-Ruiz et al, 2021 ¢ -1.810 0.608 0367 -3.088 -D722 3151 0.002 —
Iraji etal, 2021a 0.310 0.336 0113 -0968 0348 0923 0.356
Iraji etal, 2021 b -0.340 0.420 0177 -1184 0484 0809 0.418
Labayen et al, 2020 0070 0.215 0.046 -0.352 0492 0325 0.745
van der Heijden et al, 2009 a -0.800 0.655 0429 -2084 0484 221 0.222
wan der Heijden et al, 2009 b 0200 0.198 0039 -0588 0188 101 0312

Random 0617 0.227 0.051 -1081 0172 2718 0.007 ’
-4.00 -2.00 000 2.00 4.00
Favours Exercise training/ post exercise Favours Control/Pre exercise
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The Effect of Exercise Training on Liver Fat Accumulation in Children and
Adolescents in Individuals with Overweight and Obesity:
A Systematic Review and Meta-Analysis

Mousa Khalafi*®, Zeinab Fathi®®, Zeinab Nasrolahi?

Abstract

Background: The prevalence of obesity in children and adolescents is associated with the accumulation of liver fat.
The purpose of this meta-analysis is to investigate the effect of exercise training on liver fat accumulation and
insulin resistance in children and adolescents with overweight and obesity.

Methods: A comprehensive search was conducted in PubMed, Web of Science, Google Scholar, Magiran, and
NoorMags databases from the inception to January 21, 2023. The inclusion criteria for the present meta-analysis
included 1) children and adolescents, 2) exercise training, 3) overweight and obesity, 4) studies with a control
group or with values measured in the pre-test stage and, 4) liver fat as the main variable. To calculate the effect
size, standardized mean differences (SMD), weighted mean differences (WMD), and 95% confidence intervals
(Cls) were calculated using the random effect model.

Findings: A total, of nine studies with eighteen exercise interventions including 621 children and adolescents
were included in the meta-analysis. Exercise results in a decrease in liver fat with a large effect size [SMD: -0.85
(ClI: -1.26 to -0.43), P = 0.001], insulin [WMD: -1.32 pU/ml (CI: -2.35 to -0.30), P = 0.01] and insulin resistance
[WMD: -0.61 (Cl: -1.06 to -0.17), P = 0.007]. While the reduction of glucose was not statistically significant
[WMD: -0.52 mg/dl (CI: -1.47 to 0.40), P = 0.26].

Conclusion: Exercise training results in the reduction of liver fat accumulation and improvement of insulin
resistance in children and adolescents with overweight and obesity, which is recommended as a main strategy to
reduce liver fat and improve metabolism.
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