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ABSTRACT

Objective: Diabetes is associated with many pathological changes, and liver damage is one of
the most important consequences of diabetes. The aim of the present study was to investigate
the effect of aerobic exercise on liver enzymes and insulin resistance in people with type 2
diabetes.

Methodology: A systematic search of English and Persian published articles was conducted
from PubMed, Web of Science, Scopus, Magiran, Irandon, Noor Mags, and Sid (14 January
2025). To determine the effect size, the mean difference WMD and 95% were calculated using a
random effects model. Heterogeneity was assessed using the 12 test and publication bias was
assessed using visual analysis of funnel plots and Egger's test.

Results: A total of 17 studies (with 18 aerobic exercise interventions) and 564 subjects with
T2D were meta-analyzed, and the results showed that aerobic exercise intervention in people
with T2D was associated with a significant reduction in ALT [WMD= -7.150 Iu/l (-2.519 to -
11.781), P=0.002], AST [WMD= -4.005 Tu/l (-1.550 to -6.461), P=0.001] and HOMA [WMD=
-0.638, (-0.113 to -1.163), P=0.017] compared to the control group. However, aerobic exercise
resulted in a non-significant change GGT [WMD= -5.157 Iu/l (-1.362 to -8.952), P=0.008]
Came along.

Conclusion: In summary, aerobic exercise can be considered an efficient strategy in reducing
ATT, AST, GGT, and HOMA in people with T2D, and it is recommended to use this method to
improve ATT, AST, GGT, and HOMA.
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Extended Abstract

Introduction and State of Problem

The liver plays a fundamental role in the systemic metabolism of glucose and lipids.
Excessive fat accumulation in the liver, known as hepatic steatosis, is clinically
recognized as an abnormality associated with T2D (10). Under normal physiological
conditions, hepatic enzymes remain confined within hepatocytes; however, once these
enzymes are released into the bloodstream, abnormal elevations in their serum levels
indicate hepatic injury (11). Circulating serum levels of liver enzymes including alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase(ALP),
and gamma-glutamyl transferase (GGT) are frequently elevated in individuals with
diabetes (12). Hepatic aminotransferases, namely ALT and AST, are normally distributed across various
tissues such as the liver, heart, muscles, kidneys, and brain, whereas the enzymes ALP and GGT are
synthesized in multiple sites (13). Notably, GGT is localized in hepatocytes, biliary epithelial cells, renal
tubules, the pancreas, and the intestine, and is transported in the circulation by lipoproteins and albumin
(14). Aerobic exercise refers to physical activities in which the oxidative energy system is the
predominant pathway. It is recommended as an effective approach to improve metabolic disorders and
enhance cardiorespiratory function in patients with T2D (16, 17). This study may represent a novel
approach in the management of T2D, particularly for patients who are reluctant to use pharmacological
treatments. Therefore, due to the lack of meta-analyses in this area and the conflicting findings of
previously published studies, researchers are seeking to address the following question: Does aerobic
exercise influence the performance of ALT, AST, GGT, and HOMA in individuals with T2D?
Methodology
A systematic search for studies published in English and Persian was conducted in the electronic
databases PubMed, Web of Science, Scopus, Magiran, [ranDoc, NoorMags, and SID up to 25 Dey 1403
(14 January 2025). To estimate effect sizes, weighted mean differences (WMDs) and their 95%
confidence intervals (CIs) were calculated using a random-effects model. Heterogeneity was assessed
with the I? statistic, and publication bias was evaluated by visual inspection of funnel plots and by Egger’s
test.
Results
In total, 17 studies (comprising 18 aerobic exercise interventions) with 564 participants diagnosed with
T2D were included in the meta-analysis. The results demonstrated that aerobic exercise interventions in
individuals with T2D were associated with significant reductions in ALT [WMD = —7.150 IU/L, 95% CI:
—11.781 to —2.519, P = 0.002], AST [WMD = —4.005 TU/L, 95% CI: —6.461 to —1.550, P = 0.001], and
HOMA [WMD = —0.638, 95% CI: —1.163 to —0.113, P = 0.017], compared with control groups.
However, aerobic exercise was not associated with a significant change in GGT [WMD = —5.157 IU/L,
95% CI: —8.952 to —1.362, P = 0.008].
Discussion and Conclusion
The type of physical activity exerts differential effects on the metabolic system. Long-term activities that
primarily rely on the aerobic energy system influence the enzymatic activities of ALT, AST, and GGT, as
the continuation of such exercise requires greater energy production via oxidative pathways (61). In
patients with T2D, impaired fat oxidation under fasting conditions leads to increased intracellular lipid
storage. Several additional mechanisms including dysregulation of intracellular insulin signaling
pathways, re-esterification of free fatty acids, reduced B-oxidation, mitochondrial dysfunction, and
oxidative stress also contribute to the progression of hepatic steatosis (62). Skeletal muscle contraction
also promotes the translocation of GLUT4. Several upstream mechanisms, including Racl/actin signaling
and calcium/calmodulin-dependent protein kinase (CAMK), are activated via muscle contraction (72).
Exercise-induced effects lead to an increase in intracellular GLUT4 protein reserves. In addition to this
beneficial adaptation, physical activity modulates molecular pathways that facilitate GLUT4
translocation. The impact of exercise-induced changes can be observed at the level of total GLUT4
protein, particularly in the cell membrane-enriched microsomal fraction (74). Given that increased
GLUTH4 content, along with enhanced insulin-stimulated GLUT4 signaling (improved insulin sensitivity),
promotes more efficient glucose uptake by tissues, this translates into improved glycemic control in



patients with T2D. Therefore, exercise emerges as an effective non-pharmacological strategy,
complementing pharmacological therapy in the management of T2D (72). The results of the present meta-
analysis indicate that aerobic exercise leads to reductions in ALT, AST, GGT, and HOMA in individuals
with T2D. Therefore, considering the beneficial effects of aerobic training, it is recommended that
patients with T2D incorporate aerobic exercise as a strategy to improve ALT, AST, GGT, and HOMA
levels.
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Meta Analysis
Model  Study name Statistics for each study Difference in means and 35% Cl
Difference  Standard Lower  Upper
in means error  Variance limit  limit  Z-Value p-Value

Gholinezhad et al, 2025 -6.410 0.632 0.400 -7.64% 5171 10037 0.000 [ |
Ghalavand et al, 2023 7.260 2,047 4% M272 3248 3546 0.000 3
Maeiji & Abdi, 2022 -6.260 1.493 2229 9186 -3.334 -4193  0.000 [ |
Astinchap et al, 2022 -14,000 4250 18.067 -22.331 -5.669 -3.294  0.000 -
Jokar & Ghalavand, 2022 -5.650 2.237 5003 -10.034 1266 -2.526  0.012 f
Ranasinghe et al, 2021 3.300 1.269 1612 0812 5788 2599  0.009 :
Majafabadi et al, 2020 1720 0.738 0.545 -3167 -0.273 -2330 0.020
Abdelbasset et al, 2020 a -6.000 2016 4063 9951 -2049 2977 0.003 | §
Abdelbasset et al, 2020 b -5.600 2088 4360 -9.693 -1507 -2.682 0.007 L
Iwanaga et al, 2020 0.500 2.251 5067 3912 4912 0222 0.824 L
Babaei Bonab et al, 2019 6,170 0.152 0.023 -6.468 -5.872 -40.580  0.000 [ |
Vakili et al, 2019 -5.800 4599 2118 4813 3283 261 0.207 -
Shaabani et al, 2017 0.740 1.860 3.458 -2905 4385 0398 0.69 ]
Torabi et al, 2016 -6.800 7.645 58451 21785 8185 0889 0374 ——
lzadi Ghahfarokhi et al, 2015 -4.540 3.623 13125 1641 2561 1253 0.210 -
pugh et al, 2014 -0.100 15914 253.244 31290 31.090 -D.006  0.995 i
Al-jffri et al, 2013 44,290 1162 1350 -46,567 -42.013 -3318  0.000 [ |

Random -7.150 2.363 5582 1781 -2519 -3.026 0.002 ‘

-60.00 -30.00 0.00 30,00 60,00

Aerobic Exercise Control
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Meta Analysis

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
Gholinezhad et al, 2025 -10.0:00 0.667 0.445 -11.308 -8.692 -14.984 0.000 .
Ghalavand et al, 2023 4530 1.901 3615 8256 0804 2383 0007 -
Naeiji & Abdi, 2022 6720 1666 2776 -9.985 -3.455 4033  0.000 B o
Astinchap et al, 2022 -12.600 2.364 5589 -17.234 -7.966 -5.330 0.000 et
Jokar & Ghalavand, 2022 3.720 2024 4098 0248 7.688 1838  0.066 i
Asvadi et al, 2022 -3.000 3.685 13.576 -10.222 4222 0.814 0.416 —.——
Ranasinghe et al, 2021 2100 0.678 0.459 0771 3.420 3.098 0.002 .
Majafabadi et al, 2020 -4.930 0.895 0.801 -6.684 -3.176 -5.508 0.000 .'
Iwanaga et al, 2020 4,000 1427 2037 1203 6797 2803  0.005 -E&-
Babaei Bonab et al, 2019 -3.720 0.284 0.081 4277 -3.163 -13.096 0.000 .
Vakili et al, 2019 -5.500 3435 12214 42350 1350 1574 0016 —i—
Shaabani et al, 2017 -3.390 2914 8490 9301 2321 -1163  0.245 —E
Torabi et al, 2016 -0.300 5.753 33102 -M577  10.977  -0.052 0.958
Izadi Ghahfarokhi et al, 2015 -1.570 1383 1912 -4.280 1140 -1.136 0.256
pugh et al, 2014 -1.600 1184 125.092 -23.521 20321 -0.143 0.886
Aljffri et al, 2013 -12.330 1.312 1721 14901 9759 -9.398 0.000 '.'
Random -4.005 1.253 1569 -6.461 -1.550  -3.197 0.001 "
-30.00 -15.00 0.00 15,00 30.00
Aerobic Exercise Control
T2D 4 Mo 01,3l 0 AST 5 g5lsn ol o3 31 adl )b jloges 3 sl
Meta Analysis
Model  Study name Statistics for each stud Difference in means and 95% €I
Difference  Standard Lower Upper
in means error  Variance  limit limit  Z-Value p-Value
Najafabadi et al, 2020 -2.320 1789 3.200 5826 1186 -1.297 0.195
Shaabani et al, 2017 -2.620 2,970 8823 8442 3202 D882 0378
lzadi Ghahfarokhi et al, 2015 -12.160 6477 41957 -24855 0535 1877 0.060 —
pugh et al, 2014 1.200 13198 174186 -24.668 27.068 0.091 0928
Alfiri et al, 2013 -1.740 0.691 0477 8.094 -6386 11203 0,000 .
Randam 5157 1936 3748 8952 1362 2664  0.008 ’
-30.00 -15.00 0.00 15,00 30,00
Aerobic Exercise Control
T2D a4 M o131 ;0 GGT 5 (55l9n Dl yo5 51 ey o )lb Jloges 4 S5
Meta Analysis
Model  Study name Statistics for each study Difference in means and 95% Cl
Difference  Standard Lower Upper
in means eror  Variance limit  limit Z-Value p-Value
Ghalavand et al, 2023 0.570 0.457 0209 0326 1466 1246 0.213
Astinchap et al, 2022 -1.500 0.542 0293 -2.562 -0.438 2770  0.006 -.-
Asvadi et al, 2022 -2.400 2,693 7255 -7.679 2879 089 0373
Ranasinghe et al, 2021 -0.290 0.050 0.003 -0.388 0192 5779 0.000
Najafabadi et al, 2020 0.230 0.219 0.048 -0.660 0.200 -1.049 0294
Abdelbasset et al, 20203 -0.980 0.672 0452 -2.297 0337 1458 0045
Abdelbasset et al, 2020 b -0.980 0.609 0371 -2174 0214 1609 0108
Iwanaga et al, 2020 0.070 1667 2778 3197 3337 0042 0.966
Babaei Bonab et al, 2019 -1.290 0.032 0,001 1354 1226 -39.810  0.000 [ |
Izadi Ghahfarokhi et al, 2015 -3.370 2,346 5506 -7.969 1229 1436 0451 b
pugh et al, 2014 0.500 0.7 0.626 -1050 2050 0632 0527
Al-jffri et al, 2013 -1.050 0.489 0233 -2.008 -0.092 2149 0.032
Random 0.638 0.268 0.072 A3 013 238 0017
-15.00 -1.50 0.00 750 15.00
Aerobic Exercise Control
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