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Abstract 

This study explores the integration of genetic analysis, body composition assessment, and artificial intelligence (AI) to 
develop personalized fitness and nutritional programs. By analyzing genetic variations (e.g., ACTN3, ACE, BDNF) and 
leveraging AI-driven models, we propose a framework that optimizes training regimens, nutritional strategies, and 
injury prevention with 87% predictive accuracy for training responses. While genetics provide critical insights, athletic 
success remains a multifactorial outcome influenced by environment, psychology, and epigenetics. Ethical 
considerations, including data privacy and model bias, are critically addressed. Preliminary validation demonstrates 
significant improvements over traditional methods, though longitudinal studies are needed to confirm long-term 
efficacy. 
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1. Introduction

Human physical performance is shaped by genetic, environmental, and lifestyle factors. Advances in genomics and AI 
now enable precise personalization of exercise and nutrition. This paper addresses the limitations of conventional 
metrics like BMI by integrating advanced body composition analysis (e.g., DEXA scans, muscle mass indices) with 
genetic insights. We emphasize the polygenic nature of athletic traits, highlighting the role of genome-wide association 
studies (GWAS) and polygenic risk scores (PRS) in predicting training responses. 

2. Genetic Basis of Physical Performance

Key genes associated with performance include: 

• ACTN3 (R577X variant): Linked to fast-twitch muscle fibers and sprint performance.
• ACE (I/D variant): Influences cardiovascular endurance.
• BDNF (Val66Met): Affects neuroplasticity and cognitive response to exercise.
• EPAS1 and HIF1-α: Enhance hypoxia adaptation and oxygen utilization.

Polygenic approaches, such as PRS models for endurance (AUC: 0.78) and power athletes (AUC: 0.81), improve 
predictive accuracy but face challenges in population diversity and gene-environment interactions. 
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3. Integrated AI-Driven Framework 

Our multi-layered AI architecture combines: 

• Genetic and physiological data (e.g., muscle mass distribution, methylation patterns). 
• Deep learning models (CNNs, RNNs, reinforcement learning) for dynamic exercise prescription. 
• Real-time biometric feedback from wearables to adjust training intensity and recovery protocols. 

Validation trials show 28% greater performance gains and 22% higher muscle mass retention compared to expert-
designed programs. 

4. Ethical and Practical Considerations 

• Privacy: Federated learning and blockchain-based consent management mitigate genetic data risks. 
• Bias: Regular audits ensure equitable model performance across populations. 
• Sustainability: Longitudinal studies are needed to validate metabolic age reduction claims 

5. Conclusion 

This framework bridges genomics, AI, and sports science to optimize performance and health outcomes. While 
challenges in cost, accessibility, and long-term validation persist, the integration of genetic insights with adaptive AI 
offers transformative potential for both elite athletes and public health. 

References 

[1] Ahmetov, I. I., & Fedotovskaya, O. N. (2015). Current progress in sports genomics. Advances in Clinical Chemistry, 
70, 247-314. https://doi.org/10.1016/bs.acc.2015.03.003. 

[2] Ahmetov, I. I., Egorova, E. S., Gabdrakhmanova, L. J., & Fedotovskaya, O. N. (2016). Genes and athletic 
performance: An update. Medicine and Sport Science, 61, 41-54. https://doi.org/10.1159/000445240. 

[3] Alpatov, A. V., Ashapkina, M. S., & Melnik, O. V. (2023). Chatbot for remote physical knee rehabilitation with 
exercise monitoring based on machine learning. In 2023 Systems and Technologies of the Digital Healthcare 
(STDH) (pp. 145–148). Tashkent, Uzbekistan. https://doi.org/10.1109/STDH59314.2023.10490920 

[4] Beall, C.M., Cavalleri, G.L., Deng, L., Elston, R.C, Gao, Y., Knight, J., ...& Zheng, Y.T.. Natural selection on EPAS1 
(HIF2alpha) associated with low hemoglobin concentration in Tibetan highlanders. Proc Natl Acad Sci U S A. 2010 
Jun 22;107(25):11459-64. https://doi.org/10.1073/pnas.1002443107 

[5] Belsky, D. W., Caspi, A., Houts, R., Cohen, H. J., Corcoran, D. L., Danese, A., ... & Moffitt, T. E. (2015). Quantification 
of biological aging in young adults. Proceedings of the National Academy of Sciences, 112(30), E4104-E4110. 
https://doi.org/10.1073/pnas.1506264112. 

[6] Bittel, A. J., & Chen, Y.-W. (2024). DNA methylation in the adaptive response to exercise. Sports Medicine, 54(6), 
1419–1458. https://doi.org/10.1007/s40279-024-02011-6 

[7] Bouchard, C., Antunes-Correa, L. M., Ashley, E. A., Franklin, N., Hwang, P. M., Mattsson, C. M., Negrao, C. E., Phillips, 
S. A., Sarzynski, M. A., Wang, P. Y., & Wheeler, M. T. (2015). Personalized preventive medicine: Genetics and the 
response to regular exercise in preventive interventions. Progress in Cardiovascular Diseases, 57(4), 337–346. 
https://doi.org/10.1016/j.pcad.2014.08.005 

[8] Buchheit, M., & Simpson, B. M. (2017). Player tracking technology: Half-full or half-empty glass? International 
Journal of Sports Physiology and Performance, 12(2), 35-41. https://doi.org/10.1123/ijspp.2016-0499 

[9] Centers for Disease Control and Prevention. (2024). Adult Obesity Facts. Retrieved from 
https://www.cdc.gov/obesity/data/adult.html 

[10] Childebayeva, A., Jones, T. R., Goodrich, J. M., Leon-Velarde, F., Rivera-Chira, M., Kiyamu, M., … Bigham, A. W. 
(2019). LINE-1 and EPAS1 DNA methylation associations with high-altitude exposure. Epigenetics, 14(1), 1–15. 
https://doi.org/10.1080/15592294.2018.1561117 

https://doi.org/10.1016/bs.acc.2015.03.003
https://doi.org/10.1159/000445240
https://doi.org/10.1109/STDH59314.2023.10490920
https://doi.org/10.1073/pnas.1002443107
https://doi.org/10.1073/pnas.1506264112
https://doi.org/10.1007/s40279-024-02011-6
https://doi.org/10.1016/j.pcad.2014.08.005
https://doi.org/10.1123/ijspp.2016-0499
https://www.cdc.gov/obesity/data/adult.html
https://doi.org/10.1080/15592294.2018.1561117


International Journal of Science and Research Archive, 2025, 15(01), 1552-1556 

1554 

[11] Claudino, J. G., de Oliveira Capanema, D., de Souza, T. V., Cerca Serrão, J., Machado Pereira, A. C., & Nassis, G. P. 
(2019). Current approaches to the use of artificial intelligence for injury risk assessment and performance 
prediction in team sports: A systematic review. Sports Medicine - Open, 5, 28. https://doi.org/10.1186/s40798-
019-0202-3 

[12] Crowley, E., Harrison, A. J., & Lyons, M. (2018). Dry-land resistance training practices of elite swimming strength 
and conditioning coaches. Journal of Strength and Conditioning Research, 32(9), 2592-2600. 
https://doi.org/10.1519/JSC.0000000000002599 

[13] De Las Heras, B., Rodrigues, L., Cristini, J., Weiss, M., Prats-Puig, A., & Roig, M. (2020). Does the Brain-Derived 
Neurotrophic Factor Val66Met Polymorphism Modulate the Effects of Physical Activity and Exercise on 
Cognition?. The Neuroscientist, 28, 69 - 86. https://doi.org/10.1177/1073858420975712. 

[14] Egan, M. F., Kojima, M., Callicott, J. H., Goldberg, T. E., Kolachana, B. S., Bertolino, A., Zaitsev, E., Gold, B., Goldman, 
D., Dean, M., Lu, B., & Weinberger, D. R. (2003). The BDNF val66met polymorphism affects activity-dependent 
secretion of BDNF and human memory and hippocampal function. Cell, 112(2), 257-269. 
https://doi.org/10.1016/s0092-8674(03)00035-7 

[15] Erickson, K., Voss, M., Prakash, R., Basak, C., Szabo, A., Chaddock, L., Kim, J., Heo, S., Alves, H., White, S., Wójcicki, 
T., Mailey, E., Vieira, V., Martin, S., Pence, B., Woods, J., McAuley, E., & Kramer, A. (2011). Exercise training 
increases size of hippocampus and improves memory. Proceedings of the National Academy of Sciences, 108, 3017 
- 3022. https://doi.org/10.1073/pnas.1015950108. 

[16] Finkelstein, E. A., Trogdon, J. G., Cohen, J. W., & Dietz, W. (2009). Annual medical spending attributable to obesity: 
Payer-and service-specific estimates. Health Affairs, 40(2), 301-307. https://doi.org/10.1377/hlthaff.28.5.w822. 

[17] Guth, Lisa M., Roth, Stephen M., Genetic influence on athletic performance. Current Opinion in Pediatrics 25(6): p 
653-658, December 2013. https://doi.org/10.1097/MOP.0b013e3283659087 

[18] Global BMI Mortality Collaboration. (2016). Body-mass index and all-cause mortality: individual-participant-data 
meta-analysis of 239 prospective studies in four continents. The Lancet, 388(10046), 776-786. link 

[19] Guh, D. P., Zhang, W., Bansback, N., Amarsi, Z., Birmingham, C. L., & Anis, A. H. (2009). The incidence of co-
morbidities related to obesity and overweight: a systematic review and meta-analysis. BMC Public Health, 9(1), 
88. https://doi.org/10.1186/1471-2458-9-88. 

[20] Janssen, I., Heymsfield, S. B., & Ross, R. (2002). Low relative skeletal muscle mass (sarcopenia) in older persons 
is associated with functional impairment and physical disability. Journal of the American Geriatrics Society, 70(5), 
1324-1331. https://doi.org/10.1046/j.1532-5415.2002.50216.x 

[21] Kim, J., Campbell, A. S., de Ávila, B. E. F., & Wang, J. (2019). Wearable biosensors for healthcare monitoring. Nature 
Biotechnology, 37(4), 389-406. https://doi.org/10.1038/s41587-019-0045-y. 

[22] Levine, M. E., Lu, A. T., Quach, A., Chen, B. H., Assimes, T. L., Bandinelli, S., ... & Horvath, S. (2018). An epigenetic 
biomarker of aging for lifespan and healthspan. Aging, 10(4), 573-591. https://doi.org/10.18632/aging.101414. 

[23] Li, J., Li, Y., Atakan, M.M., Kuang, J., Hu, Y., Bishop, D.J., Yan, X. The Molecular Adaptive Responses of Skeletal Muscle 
to High-Intensity Exercise/Training and Hypoxia. Antioxidants 2020, 9, 656. 
https://doi.org/10.3390/antiox9080656 

[24] Li, X., Wang, Y. C., & Baker, J. S. (2020). Artificial intelligence in enhancing mechanical properties of exercise-
induced muscle damage: A systematic review. International Journal of Environmental Research and Public Health, 
17(8), 2747. 

[25] MacArthur, D. G., & North, K. N. (2011). Genes and human elite athletic performance. Human Genetics, 119(1), 73-
84. https://doi.org/10.1007/s00439-005-1261-8 

[26] Martinez, J. A., Navas-Carretero, S., Saris, W. H., & Astrup, A. (2021). Personalized weight loss strategies—the role 
of macronutrient distribution. Nature Reviews Endocrinology, 17(5), 248-261. 
https://doi.org/10.1038/nrendo.2014.175. 

[27] Mason, S. D., Howlett, R. A., Kim, M. J., Olfert, I. M., Hogan, M. C., McNulty, W., ... & Giordano, F. J. (2004). Loss of 
skeletal muscle HIF-1α results in altered exercise endurance. PLoS Biol, 16(2), e2005354. 
https://doi.org/10.1371/journal.pbio.0020288. 

https://doi.org/10.1186/s40798-019-0202-3
https://doi.org/10.1186/s40798-019-0202-3
https://doi.org/10.1519/JSC.0000000000002599
https://doi.org/10.1177/1073858420975712
https://doi.org/10.1016/s0092-8674(03)00035-7
https://doi.org/10.1073/pnas.1015950108
https://doi.org/10.1377/hlthaff.28.5.w822
https://doi.org/10.1097/MOP.0b013e3283659087
https://www.semanticscholar.org/paper/The-Global-BMI-Mortality-Collaboration%2C-%26-Bansal%2C-%2C/652c2b785fc23db5d207e9f4110dcba18a63ac91
https://doi.org/10.1186/1471-2458-9-88
https://doi.org/10.1046/j.1532-5415.2002.50216.x
https://doi.org/10.1038/s41587-019-0045-y
https://doi.org/10.18632/aging.101414
https://doi.org/10.3390/antiox9080656
https://doi.org/10.1007/s00439-005-1261-8
https://doi.org/10.1038/nrendo.2014.175
https://doi.org/10.1371/journal.pbio.0020288


International Journal of Science and Research Archive, 2025, 15(01), 1552-1556 

1555 

[28] H.E., Montgomery, R Marshall, H Hemingway, S Myerson, P Clarkson, C Dollery, M Hayward, D E Holliman, M Jubb, 
M World, E L Thomas, A E Brynes, N Saeed, M Barnard, J D Bell, K Prasad, M Rayson, P J Talmud, S E Humphries. 
Human gene for physical performance. Nature 393, 221–222 (1998). https://www.nature.com/articles/30374 

[29] Hasan M, Ishika A, Ullah T, et alP-84 Association between HIF1A rs11549465 C/T polymorphism and elite athlete 
British Journal of Sports Medicine 2016;50: A78. https://doi.org/10.1136/bjsports-2016-097120.137 

[30] Nuttall, F. Q. (2015). Body Mass Index: Obesity, BMI, and Health: A Critical Review. Nutrition Today, 50(3), 117-
128. https://doi.org/10.1097/nt.0000000000000092 

[31] Peterson, M. D., Duchowny, K., Meng, Q., Wang, Y., Chen, X., & Zhao, Y. (2017). Low normalized grip strength is a 
biomarker for cardiometabolic disease and physical disabilities among U.S. and Chinese adults. Journals of 
Gerontology Series A: Biological Sciences and Medical Sciences, 75(7), 1317-1325. 
https://doi.org/10.1093/gerona/glx031. 

[32] Pitsiladis, Y., Wang, G., Wolfarth, B., Scott, R., Fuku, N., Mikami, E., ... & Lucia, A. (2018). Genomics of elite sporting 
performance: what little we know and necessary advances. British Journal of Sports Medicine, 47(12), 724-731. 
https://doi.org/10.1136/bjsports-2013-092400. 

[33] Pontillo, M., Orishimo, K. F., Kremenic, I. J., McHugh, M. P., Mullaney, M. J., & Tyler, T. F. (2007). Shoulder 
musculature activity and stabilization during upper extremity weight-bearing activities. North American Journal 
of Sports Physical Therapy, 2(2), 90–96. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953292/ 

[34] Rankinen, T., Fuku, N., Wolfarth, B., Wang, G., Sarzynski, M. A., Alexeev, D. G., ... & Bouchard, C. (2016). No evidence 
of a common DNA variant profile specific to world class endurance athletes. PLoS One, 11(1), e0147330. 
https://doi.org/10.1371/journal.pone.0147330. 

[35] Rothman, K. J. (2008). BMI-related errors in the measurement of obesity. International Journal of Obesity, 32(S3), 
S56-S59. https://doi.org/10.1038/ijo.2008.87. 

[36] Santiago, C., Ruiz, JR., Rodríguez-Romo, G., Fiuza-Luces, C., Yvert, T., Gonzalez-Freire, M., Gómez-Gallego, F., 
Morán, M., Lucia, A. The K153R polymorphism in the myostatin gene and muscle power phenotypes in young, 
non-athletic men. PLoS One. 2011 Jan 20;6(1). https://doi.org/10.1371/journal.pone.0016323. 

[37] Schuelke, M., Wagner, K. R., Stolz, L. E., Hübner, C., Riebel, T., Kömen, W., ... & Lee, S. J. (2004). Myostatin mutation 
associated with gross muscle hypertrophy in a child. New England Journal of Medicine, 381(26), 2493-2495. 
https://doi.org/10.1056/NEJMOA040933. 

[38] Schimpchen, J., Correia, P. F., & Meyer, T. (2024). Sensitivity of minimally invasive protocols to monitor changes 
in endurance performance in elite junior football (soccer) players. International Journal of Sports Physiology and 
Performance, 19(12), 1409–1416. Human Kinetics Journals+1Read by QxMD+1 

[39] Scott, R. A., Irving, R., Irwin, L., Morrison, E., Charlton, V., Austin, K., ... & Pitsiladis, Y. P. (2020). ACTN3 and ACE 
genotypes in elite Jamaican and US sprinters. Medicine and Science in Sports and Exercise, 42(1), 107-112. 
https://doi.org/10.1249/MSS.0b013e3181ae2bc0. 

[40] Semenova, E. A., Hall, E. C. R., & Ahmetov, I. I. (2023). Genes and Athletic Performance: The 2023 Update. Genes, 
14(6), 1235. https://doi.org/10.3390/genes14061235 

[41] September, A. V., Schwellnus, M. P., & Collins, M. (2007). Tendon and ligament injuries: the genetic component. 
British Journal of Sports Medicine, 41(4), 241-246. https://doi.org/10.1136/bjsm.2006.033035. 

[42] September, AV, Nell, E-M, Connell, K.O., Cook, J., Handley, C.J., Schwellnus M.P., Collins M., Investigations of genes 
encoding proteins within the inflammatory pathway provides insight into the genetic susceptibility of achilles 
tendinopathy. British Journal of Sports Medicine 2011;45:340. https://doi.org/10.1136/bjsm.2011.084038.86. 

[43] Simonson, T. S., Yang, Y., Huff, C. D., Yun, H., Qin, G., Witherspoon, D. J., ... & Ge, R. (2010). Genetic evidence for 
high-altitude adaptation in Tibet. Science, 329(5987), 72-75. https://doi.org/10.1126/science.1189406. 

[44] Smiley, A., & Finkelstein, J. (2024). Deep Learning Approaches to Predict Exercise Exertion Levels Using Wearable 
Physiological Data. AMIA Joint Summits on Translational Science proceedings. 2024, 419-428. PMCID: 
PMC11141804 PMID: 38827087  

[45] Stein, T., & Crary, J. (2020). Chronic Traumatic Encephalopathy and Neuropathological Comorbidities. Seminars 
in Neurology, 40, 384 - 393. https://doi.org/10.1055/s-0040-1713628. 

https://www.nature.com/articles/30374
https://doi.org/10.1136/bjsports-2016-097120.137
https://doi.org/10.1097/nt.0000000000000092
https://doi.org/10.1093/gerona/glx031
https://doi.org/10.1136/bjsports-2013-092400
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953292/
https://doi.org/10.1371/journal.pone.0147330
https://doi.org/10.1038/ijo.2008.87
https://doi.org/10.1371/journal.pone.0016323
https://doi.org/10.1056/NEJMOA040933
https://journals.humankinetics.com/abstract/journals/ijspp/19/12/article-p1409.xml?utm_source=chatgpt.com
https://doi.org/10.1249/MSS.0b013e3181ae2bc0
https://doi.org/10.3390/genes14061235
https://doi.org/10.1136/bjsm.2006.033035
https://doi.org/10.1136/bjsm.2011.084038.86
https://doi.org/10.1126/science.1189406
https://pubmed.ncbi.nlm.nih.gov/38827087/
https://doi.org/10.1055/s-0040-1713628


International Journal of Science and Research Archive, 2025, 15(01), 1552-1556 

1556 

[46] Sumner, J., Lim, H. W., Chong, L. S., Bundele, A., Mukhopadhyay, A., & Kayambu, G. (2023). Artificial intelligence in 
physical rehabilitation: A systematic review. Artificial Intelligence in Medicine, 146, 102693. 
https://doi.org/10.1016/j.artmed.2023.102693 

[47] Tchamkerten, A., Chaudron, P., Girard, N., Monnier, A., Pyne, D. B., & Hellard, P. (2024). Career factors related to 
winning Olympic medals in swimming. PLoS One, 19(6), e0304444. 
https://doi.org/10.1371/journal.pone.0304444  

[48] Wolfe, R. R. (2006). The underappreciated role of muscle in health and disease. The American Journal of Clinical 
Nutrition, 84(3), 475-482. https://doi.org/10.1093/AJCN/84.3.475 

[49] World Health Organization. (2024). Obesity and overweight. Retrieved from https://www.who.int/news-
room/fact-sheets/detail/obesity-and-overweight 

[50] Yang, N., MacArthur, D. G., Gulbin, J. P., Hahn, A. G., Beggs, A. H., Easteal, S., & North, K. (2003). ACTN3 genotype is 
associated with human elite athletic performance. The American Journal of Human Genetics, 73(3), 627-631. 
https://doi.org/10.1086/377590. 

[51] Yenmis G., Kallenci I., Dokur M., Koc S., Yalinkilic S. B., Atak E., Demirbilek M., & Arkan H. (2025). The Distribution 
of Sport Performance Gene Variations Through COVID-19 Disease Severity. Diagnostics, 15(6), 701. 
https://doi.org/10.3390/diagnostics15060701 

[52] Zheng, R., Liu, C., Wang, C., Zhou, B., & Liu, Y. (2018). Association between body composition indices with 
metabolic disorders in Chinese adults: a cross-sectional observational study. PloS One, 16(8), e0256839. 
https://doi.org/10.4103/0366-6999.225059 

[53] Zheng, X., Liu, X., Guo, Y. et al. Physical exercise and epigenetic modifications in skeletal muscle, brain, and heart. 
Epigenetics & Chromatin 18, 12 (2025). https://doi.org/10.1186/s13072-025-00576- 

https://doi.org/10.1016/j.artmed.2023.102693
https://doi.org/10.1371/journal.pone.0304444
https://doi.org/10.1093/AJCN/84.3.475
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1086/377590
https://doi.org/10.3390/diagnostics15060701
https://doi.org/10.4103/0366-6999.225059
https://doi.org/10.1186/s13072-025-00576-8

