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transformative field and wish to expand upon critical developments in gene
expression regulation, CRISPR-Cas9 applications, and next-generation sequencing
(NGS) that demand scholarly attention and ethical scrutiny.
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1. Gene Expression Plasticity: Beyond Hereditary how environmental stimuli dynamically shape performance
Determinism phenotypes (2). A 2024 study further identified exercise-

] ) ) induced histone acetylation at the PGC-1a locus, enhancing
thletic prowess is no longer viewed through the

narrow lens of static genetic inheritance. Cutting-edge
research reveals that polymorphisms in ACTN3 (rs1815739)
and PPARA (rs4253778) modulate fast-twitch muscle fiber
composition and lipid metabolism, respectively (1). 2.  CRISPR-Cas9:

mitochondrial biogenesis in endurance athletes (3). These
findings challenge the dichotomy of "nature versus nurture,"
emphasizing a continuum of gene-environment interplay.
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Epigenetic regulation-particularly DNA methylation at Enhancement Ethics

HIF1A promoters under hypoxic conditions-demonstrates

Article history:

Received 22 March 2025

Revised 18 April 2025

Accepted 23 April 2025
Published online 01 October 2025


https://journals.kmanpub.com/index.php/Intjssh
https://journals.kmanpub.com/index.php/Intjssh
http://dx.doi.org/10.61838/kman.intjssh.8.4.5
http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

I N TJS S H Kahrizi

port Studies for Health

Therapeutic applications of CRISPR, such as MSTN
knockout for sarcopenia treatment or COL5A1 repair to
mitigate tendinopathy risk, offer groundbreaking solutions
for injury rehabilitation (4). However, the potential misuse
of germline editing to engineer "designer athletes" with
enhanced erythropoietin (EPO) expression or myostatin
deficiency raises profound ethical concerns (5). The World
Anti-Doping Agency’s (WADA) 2025 provisional ban on
gene-editing technologies in competitive sports underscores
the urgency of global regulatory frameworks (6). Science
Translational Medicine editorial advocates for an
international consortium to monitor CRISPR applications,

balancing innovation with competitive integrity (7).

3. NGS and Polygenic Risk Scores: Personalization
and Pitfalls

NGS-driven polygenic risk scores (PRS) now enable
stratification of athletes by injury susceptibility (e.g.,
COL1A1 variants and ACL rupture risk) and metabolic
efficiency (8). Elite teams increasingly integrate whole-
genome sequencing with Al-driven analytics to optimize
training loads and nutritional interventions (9). For instance,
a 2024 trial in The Lancet Digital Health demonstrated a
23% reduction in hamstring injuries among soccer players
using PRS-guided regimens. Yet, disparities in access to
genomic technologies risk exacerbating inequalities between
resource-rich and developing nations. The absence of
standardized protocols for data anonymization further

complicates ethical implementation (10).

4. Toward a Multidisciplinary Framework for
Responsible Innovation

The integration of multi-omics (metabolomics,
proteomics) with wearable biometrics promises unparalleled
insights into performance optimization. However, this
demands collaboration beyond academia: sports federations,
bioethicists, and policymakers must jointly address
challenges such as informed consent in genetic testing and
the delineation of therapeutic vs. enhancement thresholds.
Initiatives like the IOC’s 2024 Global Summit on Genomic
Equity highlight the need for inclusive policies that

democratize access while safeguarding privacy (11).

5. Conclusion

As CRISPR and NGS technologies advance, the sports
science community stands at a crossroads. Will we embrace
these tools to foster equitable health advancements, or
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permit a new era of "genetic elitism"? I urge your journal to
spearhead this discourse through dedicated special issues
and expert panels, ensuring that genomic innovation aligns
with the core values of athleticism: fairness, inclusivity, and
respect for human dignity.
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