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Abstract

Background and Objective: Type 2 Diabetes Mellitus (T2DM) is a metabolic disorder associated with muscle
atrophy, primarily due to disruptions in protein metabolism regulation and activation of the ubiquitin-proteasome
system. Engaging in physical exercise has been demonstrated to mitigate muscle atrophy in T2DM patients by
modulating various signaling pathways and decreasing markers such as MuRF-1 (Muscle RING-finger protein-1) and
Atrogin-1 (muscle atrophy F-box). Therefore, the objective of this study was to investigate the effects of combined
resistance and endurance exercise training on serum levels of the biomarkers MuRF-1 and Atrogin-1, as well as other
diabetes-related biomarkers, in middle-aged women diagnosed with type 2 diabetes.

Materials and Methods: This quasi-experimental study involved thirty women diagnosed with type 2 diabetes. After
a thorough review of medical records and assessment of inclusion criteria, participants were randomly assigned to
either a combined training group (CT) or a control group (CO). The exercise group underwent a specific exercise
protocol three times per week for eight weeks. Blood samples were collected before and after the intervention by a
qualified laboratory specialist and analyzed using human ELISA kits. Data analysis was performed using the Shapiro-
Wilk test, Levene’s test, and independent and paired samples t-tests with SPSS software version 26.

Results: The results showed significant decreases in weight (p < 0.001), body mass index (BMI; p < 0.001), and
waist-to-hip ratio (WHR; p < 0.001), along with a significant increase in skeletal muscle mass (SMM; p < 0.001)
following the combined exercise program. Additionally, fasting blood glucose (p < 0.001), fasting insulin (p < 0.001),
and HbAlc levels (p < 0.001) significantly decreased in the exercise group compared to the control group. However,
no significant difference was observed in the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) index
between the groups (p = 0.758). Furthermore, serum levels of the muscle atrophy markers MuRF-1 (p < 0.001) and
Atrogin (p < 0.001) were significantly reduced after 8 weeks of combined exercise training.

Conclusion: This study is among the few investigations to concurrently examine alterations in serum levels of both
MuRF-1 and Atrogin-1 following combined exercise training. The results indicate that combined exercise training
can effectively reduce muscle atrophy in individuals with type 2 diabetes by lowering serum levels of MuRF-1 and
Atrogin-1. Furthermore, engaging in combined physical activity may yield overall health benefits for individuals
affected by type 2 diabetes.
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9. Activated protein kinase (AMPK)
10. Insulin like growth factor 1(IGF1)
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. Muscle protein synthesis (MPS)

. Muscle Protein Breakdown (MPB)

. Ubiquitin-proteasome pathway (UPP)
Mammalian target of rapamycin (mTOR)
E3 ubiquitin ligases

. Muscle RING finger 1(MuRF1)

. Tripartite Motif Containing 63

. Muscle atrophy F-box protein (MAFBx)
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