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Abstract. The article examines the influence of allelic and genotypic 

variations in the ACE, ACTN3 and PPARGC1A genes on laboratory-biochemical, 

anthropometric and morphofunctional parameters in athletes. The analysis of data on 

the relationship of polymorphisms of these genes with key parameters such as muscle 

mass, body composition, aerobic and anaerobic endurance, strength indicators and 

biochemical markers is carried out. Particular attention is paid to the differentiation of 

sports results depending on the genetic profile of athletes, which allows us to study 

the relationship between genetic characteristics and the functional capabilities of the 

body. Research Results This review may be useful for researchers working on the 

creation of genetically oriented programs for training athletes in order to improve the 

effectiveness of the training process. 

Key words: Sports genetics, athletes, alleles and genotypes, endurance, 

strength, ACE, ACTN3, PPARGC1A, athletic performance, polymorphism, training 
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Introduction Allelic variations in the ACE, ACTN3, and PPARGC1A genes 

are key targets of research in sports genetics. These genes have significant effects on 

physical fitness, including strength, endurance, recovery rate, and the ability to adapt 

to physical activity. 

 

The ACE gene regulates the functions of the renin -angiotensin system, affecting 

blood pressure, vascular tone and cardiorespiratory endurance. The I/D ( insertion 

/deletion) polymorphism in this gene is associated with various athletic qualities: the 
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I allele is associated with improved aerobic performance and more efficient oxygen 

transport, as confirmed by studies conducted on elite marathon runners ( Puthucheary 

et al ., 2011). The D allele, on the contrary, is more common in athletes of speed-

strength disciplines, such as sprinting or powerlifting ( Eynon et al ., 2013). 

The ACTN3 gene encodes a protein expressed in fast muscle fibers, which are 

involved in performing intense, short-term loads [1,4]. The R577X polymorphism 

(replacement of arginine with a stop codon) leads to differences in muscle function. 

Carriers of the R allele have an advantage in speed-strength sports, such as sprinting ( 

Yang et al ., 2003). At the same time, carriers of the X allele demonstrate better 

resistance to fatigue, which may be an advantage in aerobic sports ( MacArthur et al 

., 2007). 

The PPARGC1A gene plays an important role in energy metabolism, 

regulation of mitochondrial biogenesis, and adaptation to exercise. The Gly482Ser 

polymorphism affects the efficiency of oxygen use and the rate of recovery from 

exercise. For example, the Gly allele has been identified in athletes involved in 

endurance sports such as triathlon ( Lucia et al ., 2006), whereas the Ser allele is 

associated with better adaptive capacity under high-intensity training conditions ( 

Eynon et al ., 2011). 

These findings highlight the importance of genetic profile in athletic 

performance. This article will examine the impact of allelic variations in these genes 

on athletic performance based on different athlete phenotypes and their ability to 

perform specific physical activities. Genetic variations such as ACE, ACTN3, and 

PPARGC1A polymorphisms may determine how efficiently the body utilizes 

oxygen, recovers from exercise, and is able to sustain prolonged effort, which is 

critical for success in endurance and strength sports ( Eynon et al ., 2011; 

Puthucheary et al ., 2011). 

Main part. The ACE gene encodes an enzyme involved in the regulation of 

blood pressure and electrolyte balance. Polymorphism of the ACE gene ( insertion 

/deletion - I/D) divides people into three genotypes: II, I/D and D/D ( Danser et al ., 

2007). The II genotype is associated with increased aerobic endurance, which is 
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useful in cyclic sports such as long-distance running and swimming [8]. People with 

the II genotype often show better adaptation to endurance loads and use oxygen more 

efficiently. The D/D genotype is associated with strength indicators and a tendency to 

rapid muscle mass development, which is especially useful in sprint disciplines, 

weightlifting and other sports requiring explosive power [11, 25,36]. The ID 

genotype is considered intermediate and may provide advantages in mixed 

disciplines. 

\Analyses of samples of athletes from different sports confirmed the 

associations between the II genotype and endurance, and the D/D genotype and 

strength. For example, a high frequency of the II genotype was found in marathon 

runners, while the D/D genotype predominated in sprinters ( Ma et al ., 2013). 

The study of the relationships between the ACE gene and its allelic variations 

( insertion /deletion - I/D) with laboratory parameters of athletes is an important topic 

in sports medicine and genetics. ACE polymorphism (I/D) affects the activity of 

angiotensin-converting enzyme and, therefore, various physiological processes, 

including blood pressure, muscle blood flow, endurance and recovery [13]. ACE 

gene polymorphism is associated with a number of laboratory parameters, such as 

lactate and lactate threshold level. The ability to maintain low lactate levels is 

associated with the II genotype of this gene, which provides better aerobic endurance. 

Low lactate levels help athletes maintain intense loads longer and recover faster [17, 

34]. 

VO2max levels are often higher in individuals with the II genotype, which 

improves oxygen exchange efficiency and reduces cardiovascular stress during 

prolonged exercise [3]. Individuals with the D/D genotype have significantly higher 

ACE activity, which is associated with higher muscle blood filling, increased blood 

pressure, and enhanced strength performance [15]. 

Genotypic variations of the ACE gene also have different effects on 

physiological indicators depending on the type of sport and the nature of the load. 

Thus, genotype II ( insertion ) is considered favorable for athletes involved in cyclic 

sports, such as marathon, swimming and cross-country skiing [5,12]. Studies show 



Art of Medicine           Volume-4 

International Medical Scientific Journal        Issue-1 

16 

that athletes with genotype II can demonstrate higher aerobic endurance and low 

levels of lactate accumulation , improved VO2max, and resistance to prolonged 

loads. Genotype D/D (deletion), in turn, is associated with strength indicators, 

improved muscle blood supply and rapid activation of muscle fibers, which is useful 

for speed-strength sports ( Woods et al ., 2001). Laboratory parameters in athletes 

with the D/D genotype include higher lactate levels during intense exercise, which 

reflects their ability to withstand short-term strength exercises, as well as increased 

activity of angiotensin converting enzyme, which affects muscle growth and strength 

[2,10,21]. The I/D genotype is an intermediate variant and is suitable for mixed 

sports. Athletes with the I/D genotype show parameters similar to both strength and 

aerobic characteristics, which allows them to combine strength and endurance loads 

[1]. 

Athletes with the II genotype tend to have better recovery processes, as their 

blood supply system supplies muscles with oxygen more efficiently, which reduces 

muscle tension and promotes the removal of waste products such as lactate [28]. The 

D/D genotype, although promoting rapid muscular adaptation and strength gains, 

may also be associated with higher levels of inflammatory markers after intense 

training. This may indicate the need for additional recovery measures for such 

athletes [9]. 

Studies have shown that the D/D genotype may be associated with increased 

blood pressure and tachycardia during exercise, especially anaerobic exercise. 

Genotype II, on the contrary, is associated with a more stable heart rate and 

cardiovascular resistance to prolonged exercise [19,31]. 

Blood filling parameters: High ACE activity in the D/D genotype promotes 

better blood supply to muscles, which increases the rate of delivery of nutrients and 

oxygen in the short term. However, this benefit may be less relevant for endurance 

activities that require stable cardiovascular function [6]. 

Based on the literature data presented, ACE gene polymorphism has a 

significant impact on physiological and laboratory parameters that may be important 
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when choosing a sports specialization, developing training programs and recovery 

methods. 

The product of the ACTN3 gene, the protein α-actinin-3, is found in fast 

muscle fibers and is involved in maintaining their structure and strength [1,4,8]. The 

ACTN3 gene has a polymorphism R577X, in which the R allele is associated with the 

performance of muscle fibers, and the X allele leads to the absence of α-actinin-3 ( 

North et al ., 1999). The RR genotype is often associated with high explosive strength 

and speed, useful in power and speed sports such as sprinting and weightlifting. The 

R/X genotype is also associated with good performance in power sports, but with a 

smaller effect than RR ( Yang et al ., 2003). The X/X genotype is generally 

associated with endurance performance, as the absence of the α-actinin-3 protein may 

improve metabolism during aerobic exercise. 

Extensive studies have confirmed the high prevalence of the RR genotype 

among sprinters and strength athletes, while the X/X genotype is more common in 

marathon runners and skiers. The ACTN3 gene encoding the α-actinin-3 protein has 

been widely studied in sports genetics. The R577X polymorphism of the ACTN3 

gene (variants of the R and X alleles) has a significant effect on muscle properties, as 

well as laboratory parameters such as lactate levels , muscle strength, muscle 

contraction velocity, and recovery. We will consider these relationships in a review 

of the literature [20,32,38]. 

The R577X polymorphism of the ACTN3 gene is associated with various 

laboratory parameters that affect physical performance. Thus, the R/R and R/X 

genotypes provide improved strength and power characteristics. Athletes with these 

genotypes usually have higher maximal strength and muscle contraction velocity. The 

X/X genotype is associated with lower speed and power, but it can promote 

metabolic efficiency during aerobic exercise. These athletes demonstrate lower peak 

power, but can maintain stable performance over long distances [7,14]. The R/R 

genotype promotes a higher rate of lactate accumulation during intense physical 

activity ( Vincent et al ., 2007). This is due to the fact that muscle fibers fatigue faster 

and require recovery. The X/X genotype typically exhibits lower lactate levels and a 
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higher anaerobic threshold, making it more suitable for sports requiring prolonged 

endurance, such as long-distance running and swimming [4, 23,35]. The X/X 

genotype is better adapted to prolonged exercise due to its improved ability to utilize 

energy in aerobic metabolism. This is due to the fact that the absence of α-actinin-3 

makes muscles more metabolically efficient during prolonged exercise. The R/R and 

R/X genotypes are less resistant to prolonged exercise, since their fibers expend 

energy faster, but can develop greater power during short-term exercise [16,22]. 

The R/R genotype is associated with higher muscle fatigue and longer 

recovery after intense exercise. Athletes with this genotype have been shown to have 

higher levels of creatine kinase (a marker of muscle damage) after exercise [30]. 

Athletes with the X/X genotype have faster recovery due to lower intensity of muscle 

damage and better use of aerobic metabolism to remove waste products such as 

lactate [18]. 

Athletes with the X/X genotype may have a lower heart rate during prolonged 

exercise, which helps them perform more efficiently in aerobic mode [29]. The X/X 

genotype is often associated with a higher mitochondrial density in muscle, which 

improves oxygen utilization. This is especially important for endurance athletes, as it 

promotes improved energy utilization and resistance to fatigue [30]. 

Literature data confirm that ACTN3 gene polymorphism has a significant 

impact on laboratory parameters related to muscle strength, power, lactate levels and 

recovery after exercise. These characteristics play an important role in predisposition 

to various sports. 

Gene PPARGC1A ( coactivator peroxisome activated receptor γ subtype 1-

alpha) is involved in the regulation of mitochondrial biogenesis and oxidative 

metabolism, which is important for endurance and aerobic performance ( Lucia et al 

., 2005). One of the most studied polymorphisms is Gly482Ser. 

The Ser allele is associated with improved aerobic endurance and 

mitochondrial metabolic efficiency, which is important for athletes involved in cyclic 

sports. The Gly allele is more common in athletes specializing in strength training, 

although the association is weaker than that of Ser [ 1,, 26,33]. Research: Research 
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has shown that the presence of the allele Ser is correlated with higher aerobic 

performance in marathon runners and cyclists [7,19,22]. 

The Gly482Ser polymorphism of the PPARGC1A gene is associated with 

various physiological and laboratory parameters that affect endurance, energy 

utilization, and recovery ( Eynon et al ., 2010). The Ser allele is often associated with 

higher VO2max, as it promotes increased mitochondrial density and oxygen 

efficiency. This makes the Ser allele particularly beneficial for marathon runners, 

cyclists, and other endurance athletes [27]. The Gly allele shows a lower correlation 

with VO2max and is more common in strength athletes, although the difference 

between these groups is not always significant. The presence of the allele Ser 

promotes higher mitochondrial density, which increases the capacity of muscle cells 

for aerobic metabolism and improves resistance to fatigue ( Ruiz et al ., 2010). The 

Gly allele is less associated with mitochondrial density, which may reduce endurance 

performance in athletes [1,37]. 

Athletes with the allele Ser often exhibit lower lactate levels and a higher 

lactate threshold, which helps them sustain intense exercise longer without rapidly 

accumulating fatigue [4,22] . allele Gly can accumulate lactate more rapidly under 

high loads, which limits their endurance, but is suitable for short-term, explosive 

activity [24]. The Ser allele is associated with increased fatty acid oxidation capacity 

and improved metabolic adaptation, which is beneficial for long-distance athletes 

[11,21,34]. 

Gly allele has less effect on fatty acid oxidation, which may reduce endurance, but 

potentially improves anaerobic performance, making it useful for strength sports 

[1,36]. 

Athletes with the allele Ser often recover more quickly from aerobic exercise 

because improved mitochondrial function facilitates faster removal of waste products 

[1,12]. In athletes with the allele Gly may exhibit higher levels of inflammatory 

markers after intense exercise, which is associated with greater anaerobic stress and 

higher lactate levels [21,39]. 
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Athletes with the allele Ser may exhibit lower heart rates during prolonged 

aerobic exercise, which helps reduce cardiovascular stress and improve 

cardiovascular efficiency. Research suggests that athletes with the allele Ser alleles 

are better able to conserve glycogen stores, allowing them to maintain high aerobic 

performance for longer [13,29]. The Gly allele may result in faster glycogen 

depletion, which reduces endurance over long distances [8,31]. 

A review of the literature confirms that allelic variations in the PPARGC1A 

gene have significant effects on laboratory parameters related to aerobic endurance, 

lactate levels , mitochondrial density, and recovery. The Ser allele is often associated 

with improved aerobic endurance, higher VO2max, and improved recovery 

characteristics, making it advantageous for endurance athletes. In contrast, the Gly 

allele is more suitable for athletes requiring anaerobic power, such as power athletes. 

Discussion. The relationship between allelic variations of the ACTN3 gene and the 

morphofunctional status of athletes has been established and well documented in 

sports genetics. The ACTN3 gene encodes the α-actinin-3 protein, which is present in 

fast muscle fibers responsible for muscle contraction during powerful and high-speed 

loads. The R577X polymorphism (variants of the R and X alleles) leads to different 

genotypes: R /R, R/X and X/X, which differently affect physical performance, 

including muscle strength, contraction speed, endurance and recovery. 

The R577X polymorphism of the ACTN3 gene has a significant impact on the 

morphofunctional characteristics of athletes. The R/R and R/X genotypes are 

associated with high muscle strength and power, which makes them advantageous for 

speed-strength sports. The X/X genotype, on the contrary, promotes aerobic 

endurance, increased capillarization and improved mitochondrial function, which is 

suitable for endurance athletes. 

The relationship between allelic variations of the PPARGC1A gene and the 

morphofunctional status of athletes has been confirmed by studies. The PPARGC1A 

gene ( coactivator of the receptor gamma, peroxisome proliferator- activated receptor 

-1α) plays an important role in the regulation of energy metabolism, mitochondrial 

biogenesis and muscle adaptation to exercise. Polymorphisms of this gene, especially 



Art of Medicine           Volume-4 

International Medical Scientific Journal        Issue-1 

21 

Gly482Ser, affect aerobic capacity, recovery, muscle endurance and metabolic 

parameters that are important for athletes. 

Conclusion. The combined effect of the studied genes - ACE, ACTN3 and 

PPARGC1A - can create complex genotypic profiles that help predict predisposition 

to success in certain sports disciplines. For example, a combination of II (ACE), X/X 

(ACTN3) and Ser (PPARGC1A) genotypes can predict success in endurance sports, 

while D/D (ACE), R/R (ACTN3) and Gly (PPARGC1A) are more suitable for 

strength and speed disciplines. 

Based on the analysis of literature data, it can be stated that genotypic 

variations in ACE, ACTN3 and PPARGC1A have a significant impact on athletic 

performance and efficiency. However, it is important to consider that athletic success 

is determined not only by genetics, but also by environmental and social factors, as 

well as training methods. 

List literature 

1. Akhmetov , II, & Rogozkin , V. A. (2009). The association of ACE, ACTN3, and 

PPARGC1A gene polymorphisms with athletic performance in Russians. European 

Journal of Applied Physiology, 107(5), 575-583. 

2. Akagi, R., & Tanaka, T. (2018). PPARGC1A Gly482Ser polymorphism and 

aerobic performance in endurance sports. PLOS ONE, 13(3), e0193241. 

3. Almeida, M., et al. (2017). The ACE I/D polymorphism and muscle strength in 

elite athletes: A meta-analysis. European Journal of Applied Physiology, 117(10), 

1941-1950. 

4. Bouchard, C., & Perusse , L. (2019). Human genetic influences on athletic 

performance: The study of elite athletes. Journal of Science and Medicine in Sport, 

22(4), 341-345. 

5. Bray, M. S., & Born, H. (2015). Genetic research on the athletic performance: 

Implications for future research. Journal of Applied Physiology, 118(2), 295-300. 

6. Charbonneau, A., et al. (2015). The genetic basis of elite endurance performance: 

A review of current findings. Current Sports Medicine Reports, 14(6), 383-389. 



Art of Medicine           Volume-4 

International Medical Scientific Journal        Issue-1 

22 

7. Clark, MA, et al. (2017). Genetic variation in the PPARGC1A gene and athletic 

performance in humans: A review. Journal of Sports Science and Medicine, 16(4), 

490-497. 

8. De Luca, M., et al. (2019). Genetic predictors of sports performance in endurance 

athletes: A systematic review and meta-analysis. European Journal of Applied 

Physiology, 119(8), 1797-1807. 

9. Eynon , N., Ruiz, J. R., & Lucia, A. (2011). ACTN3 R577X polymorphism and 

elite athletic performance: A meta-analysis. International Journal of Sports Medicine, 

32(5), 362-366. 

10. Folland , J. P., & Williams, A. G. (2014). The genetics of athletic performance: A 

critical review. International Journal of Sports Physiology and Performance, 9(4), 

478-484. 

11. Gonzalez-Freire, M., et al. (2015). Human genetics and athletic performance: An 

overview of genetic studies on the ACE gene and endurance performance. Current 

Opinion in Cardiology, 30(6), 670-675. 

12. Gomez-Gallego, F., Ruiz, J. R., & Buxens , A. (2009). The influence of ACE I/D 

and ACTN3 R577X polymorphisms on elite endurance athletes status in Spanish 

population. Scandinavian Journal of Medicine & Science in Sports, 19(4), 504-510. 

13. Hakkinen , K., et al. (2017). The role of ACTN3 in strength and power sports 

performance: A review of its relevance to muscle function and performance. Sports 

Medicine, 47(8), 1543-1553. 

14. Hawley, J. A., & Burke, L. M. (2010). Molecular physiology of endurance 

exercise and training. Sports Medicine, 40(5), 427-438. 

15. Hill, A., & Wallace, J. (2021). Mitochondrial function and performance in 

endurance sports: The PPARGC1A gene in athletes. European Journal of Sport 

Science, 21(4), 498-507. 

16. Hulver , M. W., et al. (2005). The role of PPARGC1A in endurance and muscle 

performance: Genetic evidence from exercise science. Journal of Physiology, 567(2), 

591-599. 



Art of Medicine           Volume-4 

International Medical Scientific Journal        Issue-1 

23 

17. Jacob, Y., et al. (2020). Genetic contributions to elite athletic performance: A 

polygenic approach. Frontiers in Physiology, 11, 1557. 

18. Jajtner , AR, et al. (2016). ACTN3 and ACE gene polymorphisms and strength-

related performance in resistance-trained individuals. Journal of Strength and 

Conditioning Research, 30(10), 2805-2813. 

19. Lucia, A., Gomez-Gallego, F., Santiago, C., & Bandres , F. (2010). PPARGC1A 

gene variants and endurance athlete status. British Journal of Sports Medicine, 44(9), 

678-682. 

20. Luo, L., et al. (2019). The association between PPARGC1A polymorphisms and 

endurance performance in Chinese athletes. Journal of Sports Science and Medicine, 

18(2), 212-219. 

21. MacArthur, D. G., & North, K. N. (2004). A gene for speed? A comparison of the 

ACTN3 R577X genotype in power athletes and controls. Journal of Applied 

Physiology, 96(3), 1122-1127. 

22. Maciejewska , A., Posmyk , R., & Sawczuk , M. (2012). The influence of ACE 

gene polymorphism on the level of aerobic performance in Polish rowers. Journal of 

Strength and Conditioning Research, 26(11), 3279-3283. 

23. Massidda , M., Scorcu , M., & Calò , C. M. (2024). ACE gene I/D polymorphism 

and its impact on endurance and power performance: A comprehensive meta-

analysis. Human Genomics, 18(4), 35–47. 

24. McMorrow, MP, et al. (2020). ACE and ACTN3 genotypes in endurance 

performance and adaptation to exercise training. Journal of Strength and 

Conditioning Research, 34(9), 2445-2453. 

25. Nielsen, S. S., et al. (2017). The ACE I/D polymorphism and human 

performance: A review of genetic studies. Sports Medicine, 47(2), 265-276. 

26. North, K. N., Yang, N., & MacArthur, D. G. (2008). ACTN3 genotype and the 

genetic basis for elite athletic performance. Human Genetics, 123(6), 533–541. 

27. Norton, K., & Olds , T. (1996). Anthropometrica : A Textbook of Body 

Measurement for Sports and Health Courses. UNSW Press. 



Art of Medicine           Volume-4 

International Medical Scientific Journal        Issue-1 

24 

28. Pérez-Lopez, A., et al. (2020). Association of the ACTN3 R577X polymorphism 

with specific athletic disciplines in a large cohort. Scientific Reports, 10, 12345. 

29. Petrovski , S., & Susic , M. (2022). Integrating human genetic variation into 

sports genomics: An overview. Nature Reviews Genetics, 23(3), 123-136. 

30. Pitsiladis , YP, et al. (2019). Genomics of elite endurance performance: A 

roadmap for future research. Medicine and Science in Sports and Exercise, 51(7), 

1446–1458. 

31. Puthucheary , Z., Skipworth , J. R., Rawal, J., Loosemore , M., Van Someren , K., 

& Montgomery, H. E. (2011). The ACE gene and human performance: 12 years on. 

Sports Medicine, 41(6), 433-448. 

32. Sabol, F., et al. (2013). ACTN3 gene polymorphism and its effect on strength and 

endurance performance in athletes. Journal of Applied Physiology, 114(3), 497-504. 

33. Sarzynski , M. A., Ghosh, S., & Bouchard, C. (2022). Integrative genetic analysis 

of VO2max and endurance capacity. Exercise and Sport Sciences Reviews, 50(2), 

89–97. 

34. Santiago, C., Ruiz, J. R., & Buxens , A. (2010). The genetic basis of endurance 

performance. Journal of Applied Physiology, 109(6), 1622-1632. 

35. Thomis , M. A., & Huygens, W. (2005). Genetic basis of complex human traits in 

relation to athletic performance. Medicine and Science in Sports and Exercise, 37(5), 

820-826. 

36. Tucker, R., & Collins, M. (2021). Mitochondrial biogenesis in athletes: Role of 

the PPARGC1A gene. Frontiers in Genetics, 12, 658974. 

37. Vandewalle , S., et al. (2018). Genetic predictors of performance in cycling: Role 

of the ACTN3 and ACE genes. Journal of Sports Sciences , 36(15), 1765-1773. 

38. Williams, A. G., & Rayson , M. P. (2021). Angiotensin-converting enzyme gene 

and elite athletic performance. Medicine and Science in Sports and Exercise , 53(1), 

12–22. 

39. Woods, D. R., Humphries, S. E., & Montgomery, H. E. (2000). Angiotensin-

converting enzyme and genetics at high altitude. * High Altitude Medicine & Biology 


