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This study aimed to examine the effects of Hybrid Training on iron metabolism biomarkers,
specifically hepcidin and ferritin, and to determine its impact on punching performance
endurance (straight and hook punches) in young boxers. The study addresses the growing
need to understand the interaction between modern training methodologies, physiological

adaptations, and sport—specific performance in high—intensity combat sports.

A randomized experimental design with pre— and post-tests was employed, involving two
groups (experimental and control). The participants were young male boxers aged 17-20
years. The experimental group completed an 8-week hybrid training intervention combining
resistance training, high—-intensity interval training (HIIT), and boxing-specific technical drills
designed to enhance repeated punching ability under fatigue conditions.

Physiological assessments included laboratory measurements of serum hepcidin, a key
regulatory hormone of systemic iron homeostasis, and serum ferritin, an indicator of iron
storage status. Performance endurance was evaluated using a standardized boxing-specific
test that quantified the frequency and quality of consecutive straight and hook punches within a
fixed time frame under fatigue—induced conditions.

The findings revealed statistically significant improvements in the experimental group compared
to the control group in both biochemical and performance variables. Notable adaptations were
observed in iron regulation markers, including optimized hepcidin response and improved
ferritin status, accompanied by substantial enhancements in punching endurance performance.
Furthermore, significant correlations were identified between changes in iron-related
biomarkers and performance outcomes, indicating that improved iron homeostasis may
contribute to enhanced fatigue resistance and energy availability during repeated high—intensity

efforts.
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In conclusion, Hybrid Training represents an effective training strategy for improving both iron
metabolism regulation and sport-specific performance in young boxers. The study highlights
the importance of integrating physiological monitoring with modern training approaches to
optimize athletic performance and prevent potential fatigue-related impairments.
Keywords: Hybrid training, hepcidin, ferritin, boxing, performance endurance, iron metabolism,
HIIT, combat sports.
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