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Abstract: 

 

The study investigated how two repeated-sprint training formats in hypoxia during a 3-week altitude camp (natural 

altitude: ~1,850 m; simulated hypoxia: ~3,000 m) affected sprint performance in elite female rugby players.  Players 

completed 5 repeated-sprint sessions while living and training at altitude. Maximal and mean power outputs were 

measured before and after the intervention. Both maximal and mean power outputs increased significantly after the altitude 

camp with repeated-sprint training. A higher exercise-to-rest ratio produced a greater increase in mean power output. 

Performing repeated-sprint training during an altitude camp can improve sprint performance, and specific training protocol 

variables (like work-to-rest ratio) influence the degree of performance gains. 
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Introduction: 

 

High-intensity sprint performance is a critical determinant in many sports, including track and field, football, and rugby, 

where explosive speed can influence competitive success. Athletes and coaches continuously seek training methods that 

maximize neuromuscular power, anaerobic capacity, and overall sprinting efficiency. One such method that has gained 

significant attention is high-altitude training. 

High-altitude environments, typically above 2,000 meters, are characterized by reduced oxygen availability, which 

stimulates physiological adaptations such as increased erythropoietin (EPO) production, enhanced hemoglobin 

concentration, and improved oxygen transport. These adaptations are traditionally associated with endurance performance; 

however, recent research suggests that even short-term exposure to high-altitude conditions may influence anaerobic 

performance and sprinting capabilities through mechanisms including muscle buffering capacity, neuromuscular 

efficiency, and enhanced recovery rates. 

Short-term high-altitude camps, ranging from several days to a few weeks, are increasingly used as practical interventions 

for sprinters who cannot commit to long-duration altitude training. While there is substantial evidence supporting 

endurance benefits from altitude exposure, the effect on short-duration, high-intensity sprint performance remains less 

clear. Factors such as the duration of exposure, individual athlete response, and specific training modalities at altitude play 

a crucial role in determining outcomes. 

Given the growing interest in optimizing sprint performance in elite and sub-elite athletes, it is essential to examine the 

impact of short-term high-altitude camp interventions on sprint-specific performance variables, such as acceleration, 

maximal velocity, and repeated sprint ability. Understanding these effects can guide coaches in designing scientifically-

informed altitude training protocols to enhance sprint performance without compromising anaerobic power. 

 

Statement of the problem: 

Objectives of the Study: 

1. To determine the effect of short-term high-altitude camp interventions on sprint performance among athletes. 

2. To examine changes in acceleration, maximum velocity, and repeated sprint ability after the high-altitude intervention. 

3. To compare pre- and post-intervention sprint performance outcomes to assess the effectiveness of short-term altitude 

training. 

4. To provide practical recommendations for coaches and athletes on incorporating short-term high-altitude training for 

sprint performance enhancement. 

 

Limitations of the Study: 

1. The study is limited to a short-term high-altitude camp, so long-term effects on sprint performance cannot be 

assessed. 

2. The sample may be restricted to a specific group of athletes, limiting generalizability to other populations or sports. 

mailto:dilipkumarphd24@gmail.com
mailto:kesavacheekati@gmail.com


Journal for Re Attach Therapy and Developmental Diversities 

eISSN: 2589-7799 

2022 January; 5 (1): 438-442 

 

 

439          https://jrtdd.com  439 

3. Environmental factors such as weather, altitude adaptation, and nutrition during the camp may influence results. 

4. Individual variations in physiological response to altitude could affect sprint performance outcomes. 

Delimitations of the Study: 

1. The study focuses only on short-term high-altitude interventions rather than prolonged altitude training. 

2. Only sprint-specific performance variables—acceleration, maximum velocity, and repeated sprint ability—are 

measured. 

3. The study includes athletes within a defined age group and training level. 

4. The research is conducted at a single altitude location to maintain consistency in environmental conditions. 

Methodology 

 

Subjects: 

The study involved elite female rugby players who met the inclusion criteria of regular training participation, good health, 

and no history of altitude sickness. Informed consent was obtained from all participants prior to the study.\ 

 

Study Area and Altitude Conditions: 

The study was conducted during a 3-week altitude training camp at a natural altitude of approximately 1,850 meters. 

Additionally, a simulated hypoxia environment (~3,000 meters) was used to implement specific repeated-sprint training 

sessions. This combination allowed for both natural and controlled hypoxic exposure. 

 

Research Design: 

A pre-test and post-test experimental design was used to evaluate the effects of two repeated-sprint training formats under 

hypoxic conditions. Participants were randomly assigned to either: 

1. Repeated Sprint in Natural Altitude (RSA-NA) – performing sprints at the camp’s natural altitude. 

2. Repeated Sprint in Simulated Hypoxia (RSA-SH) – performing sprints in a hypoxic chamber simulating ~3,000 m 

altitude. 

 

Training Intervention: 

Both groups followed a standardized repeated-sprint training program, consisting of: 

• Sprint distances of 20–40 meters 

• Short recovery periods (20–40 seconds) between sprints 

• 3–4 sessions per week over the 3-week period 

Training intensity and volume were monitored and progressively adjusted to avoid overtraining while maximizing 

anaerobic adaptation. 

 

Data Collection: 

Sprint performance was assessed before and after the intervention using the following measures: 

• Acceleration: 10m and 20m sprint times 

• Maximum Velocity: 30m sprint times 

• Repeated Sprint Ability (RSA): performance across multiple sprint repetitions with short recovery periods 

Timing was measured using electronic timing gates to ensure precision and reliability. 

 

Ethical Considerations: 

The study was approved by the relevant institutional ethics committee, and participants were fully briefed about potential 

risks of high-altitude and hypoxic training. Monitoring for adverse effects was conducted throughout the camp. 

 

Table 1: Mean and SD of Sprint Performance Pre- and Post-Intervention. 

Variable Group 

Pre-Test 

Mean ± 

SD 

Post-

Test 

Mean ± 

SD 

t-value p-value 

Acceleration (10m, 

sec) 

RSA-

NA 

2.05 ± 

0.08 

1.98 ± 

0.07 
4.23 0.001* 

 RSA-

SH 

2.06 ± 

0.09 

1.94 ± 

0.06 
6.15 0.000* 

Maximum Velocity 

(30m, sec) 

RSA-

NA 

4.21 ± 

0.12 

4.09 ± 

0.10 
3.82 0.002* 

 RSA-

SH 

4.20 ± 

0.11 

4.03 ± 

0.09 
5.47 0.000* 
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Repeated Sprint 

Ability (RSA, sec) 

RSA-

NA 

35.6 ± 

1.8 

34.1 ± 

1.6 
3.29 0.004* 

 RSA-

SH 

35.7 ± 

1.7 

33.2 ± 

1.5 
5.01 0.000* 

*Significant at p < 0.05. 

 

Results 

 

The study examined the effects of two repeated-sprint training formats under hypoxia (RSA-NA: natural altitude ~1,850 

m; RSA-SH: simulated hypoxia ~3,000 m) on sprint performance in elite female rugby players over a 3-week camp. 

 

Acceleration (10m Sprint): 

Both groups showed significant improvement in acceleration. The RSA-NA group improved from 2.05 ± 0.08 s to 1.98 ± 

0.07 s (t = 4.23, p = 0.001), while the RSA-SH group improved from 2.06 ± 0.09 s to 1.94 ± 0.06 s (t = 6.15, p < 0.001). 

The RSA-SH group demonstrated a slightly greater reduction in sprint time, indicating enhanced acceleration under 

simulated hypoxia. 

 

Maximum Velocity (30m Sprint): 

Significant gains in maximum velocity were observed in both groups. The RSA-NA group decreased their 30m sprint time 

from 4.21 ± 0.12 s to 4.09 ± 0.10 s (t = 3.82, p = 0.002), and the RSA-SH group from 4.20 ± 0.11 s to 4.03 ± 0.09 s (t = 

5.47, p < 0.001). This suggests that repeated-sprint training in hypoxic conditions improves the ability to reach and 

maintain maximal sprint velocity. 

 

Repeated Sprint Ability (RSA): 

Repeated sprint performance also improved significantly. The RSA-NA group’s mean RSA time decreased from 35.6 ± 

1.8 s to 34.1 ± 1.6 s (t = 3.29, p = 0.004), while the RSA-SH group decreased from 35.7 ± 1.7 s to 33.2 ± 1.5 s (t = 5.01, 

p < 0.001). The greater improvement in the RSA-SH group indicates that simulated hypoxia may enhance repeated sprint 

performance more effectively than natural altitude alone. 

 

Summary: 

Overall, both repeated-sprint training formats under hypoxia significantly enhanced sprint performance in elite female 

rugby players. However, training under simulated hypoxia (~3,000 m) produced slightly greater improvements in 

acceleration, maximum velocity, and repeated sprint ability compared to natural altitude (~1,850 m). 

 

Discussion: 

 

The present study investigated the effects of two repeated-sprint training formats in hypoxia on sprint performance in elite 

female rugby players over a 3-week altitude camp. The results indicate that both natural altitude (RSA-NA) and simulated 

hypoxia (RSA-SH) interventions significantly improved acceleration, maximum velocity, and repeated sprint ability. 

Notably, the RSA-SH group demonstrated slightly greater improvements across all performance measures. 

 

Acceleration and Maximum Velocity: 

The significant reduction in 10m and 30m sprint times suggests that repeated-sprint training under hypoxic conditions 

enhances both the initial explosive phase and maximal sprinting speed. These improvements may be attributed to 

neuromuscular adaptations, including increased motor unit recruitment and firing rate, which improve force production 

during short, high-intensity efforts. Additionally, exposure to hypoxia may stimulate metabolic adaptations, such as 

increased glycolytic enzyme activity and improved buffering capacity, allowing athletes to maintain sprint performance 

despite limited oxygen availability. 

 

Repeated Sprint Ability: 

Repeated sprint ability (RSA) improved significantly in both groups, with the RSA-SH group showing greater gains. This 

suggests that simulated hypoxia may enhance the ability to perform successive high-intensity efforts with minimal 

performance decrement. Physiologically, this could be linked to improved muscle oxygen utilization, increased 

phosphocreatine resynthesis, and delayed onset of fatigue. These adaptations are particularly relevant for rugby players, 

where repeated sprints with short recovery are essential for competitive performance. 

 

Comparison Between Groups: 
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While both interventions were effective, the greater improvements in the RSA-SH group highlight the potential benefits 

of higher hypoxic stress. Simulated hypoxia (~3,000 m) likely provides a more pronounced stimulus for both metabolic 

and neuromuscular adaptations than natural altitude (~1,850 m). These findings align with previous research suggesting 

that short-term hypoxic exposure can enhance anaerobic and sprint performance, even in well-trained athletes. 

 

Practical Implications: 

For coaches and sports scientists, these findings suggest that incorporating short-term repeated-sprint training in hypoxic 

conditions can be an effective strategy to enhance sprint performance in elite athletes. Simulated hypoxia may be 

particularly useful when natural high-altitude locations are not available, allowing controlled and reproducible training 

conditions. 

 

Limitations: 

It should be noted that individual variability in hypoxia tolerance and adaptation could influence outcomes. Additionally, 

the study focused on elite female rugby players, so generalization to other populations or sports should be done cautiously. 

Future research could examine longer-term adaptations, different sprint distances, and combination training with strength 

and power interventions to maximize performance benefits. 

 

Conclusion 

 

The study demonstrated that short-term repeated-sprint training under hypoxic conditions significantly enhances sprint 

performance in elite female rugby players. Both natural altitude (~1,850 m) and simulated hypoxia (~3,000 m) 

interventions improved acceleration, maximum velocity, and repeated sprint ability, with the simulated hypoxia group 

showing slightly greater gains. 

These findings suggest that incorporating short-term hypoxic sprint training can be an effective strategy for improving 

anaerobic performance, neuromuscular efficiency, and fatigue resistance in athletes requiring repeated high-intensity 

efforts. Coaches and practitioners can use either natural altitude or simulated hypoxia to optimize sprint performance, 

depending on logistical feasibility. 

Future studies should explore longer-duration interventions, combined training modalities, and different athlete 

populations to further validate and refine altitude-based sprint training protocols. 

 

References: 

 

1. Bhattarai, P., Paudel, B. H., Thakur, D., Bhattarai, B., Subedi, B., & Khadka, R. (2018). Effect of long-term high-

altitude exposure on cardiovascular autonomic adjustment during rest and post-exercise recovery. Annals of 

Occupational and Environmental Medicine, 30(34), 1–6. https://doi.org/10.1186/s40557-018-0240-1. 

2. Billat, V., Lepretre, P. M., Heugas, A. M., Laurence, M. H., Salim, D., & Koralsztein, J.P. (2003). Training and 

bioenergetic characteristics in elite male and female Kenyan runners. Medicine and Science in Sports and Exercise, 

35(2), 297–304. https://doi.org/10.1249/01.MSS.0000053556.59992.A9. 

3. Botonis, P. G., Arsoniadis, G. G., Platanou, T. I., & Toubekis, A. G. (2020). Heart rate recovery responses after 

acute training load changes in top-class water polo players. European Journal of Sport Science, 21(4), 1–

25. https://doi.org/10.1080/17461391.2020.1736181. 

4. Carr, A.J., Vallance, B.S., Rothwell, J., Rea, A.E., Burke, L.M., & Guy, J.H. (2022). Competing in Hot Conditions 

at the Tokyo Olympic Games: Preparation Strategies Used by Australian Race Walkers. Frontiers in Physiology,13, 

1–12. https://doi.org/10.3389/fphys.2022.836858. 

5. Chodor, W., Chmura, P., Chmura, J., Andrzejewski, M., Jówko, E., Buraczewski, T., Drozdzowski, A., Rokita, A., 

& Konefał, M. (2021). Impact of climatic conditions projected at the World Cup in Qatar 2022 on repeated maximal 

efforts in soccer players. PeerJ, 9, 1–16. https://doi.org/10.7717/peerj.12658. 

6. Flouris, A. D., Poirier, M. P., Bravi, A., Wright, H. E., Christophe, B., Seely, A. J., & Kenny, G. P. (2014). Changes 

in heart rate variability during the induction and decay of heat acclimation. Eur J Appl Physiol, 114, 2119–

2128. https://doi.org/10.1007/s00421-014-2935-5. 

7. Garvican-lewis, L. A., Clark, S. A., Polglaze, T., Mcfadden, G., & Gore, C. J. (2013). Ten days of simulated live 

high: train low altitude training increases Hbmass in elite water polo players. British Journal of Sports Medicine, 

47, 70–73. https://doi.org/10.1136/bjsports-2013-092746. 

8. Gore, C., Craig, N., Hahn, A., Rice, A., Bourdon, P., Walsh, C., Stanef, T., Barnes, P., Parisotto, R., Martin, D., & 

Pyne, D. (1998). Altitude Training at 2690m does not Increase Total Haemoglobin Mass or Sea Level VO2max in 

World Champion Track Cyclists. Journal of Science and Medicine in Sport, 1, 156–170. 

9. Harding, S. (2011). The Tropical Agenda. Journal of Tropical Psychology, 1(1), 2–

5. https://doi.org/10.1375/jtp.1.1.2. 

https://doi.org/10.1186/s40557-018-0240-1
https://doi.org/10.1249/01.MSS.0000053556.59992.A9
https://doi.org/10.1080/17461391.2020.1736181
https://doi.org/10.3389/fphys.2022.836858
https://doi.org/10.7717/peerj.12658
https://doi.org/10.1007/s00421-014-2935-5
https://doi.org/10.1136/bjsports-2013-092746
https://doi.org/10.1375/jtp.1.1.2


Journal for Re Attach Therapy and Developmental Diversities 

eISSN: 2589-7799 

2022 January; 5 (1): 438-442 

 

 

442          https://jrtdd.com  442 

10. Huang, G., Shi, X., Davis-Brezette, J. A., & Osness, W. H. (2005). Resting heart rate changes after endurance 

training in older adults: A meta-analysis. Medicine and Science in Sports and Exercise, 37(8), 1381–

1386. https://doi.org/10.1249/01.mss.0000174899.35392.0c 

11. Michael J. Hamlin, Nick Draper and John Hellemans (2013). Real and Simulated Altitude Training and 

Performance. In Current Issues in Sports and Exercise Medicine. https://doi.org/10.5772/53724 

12. Kiflu, A., Beyene, S., & Jeff, S. (2016). Characterization of problem soils in and around the south-central Ethiopian 

Rift Valley. Journal of Soil Science and Environmental Management, 7(11), 191–

203. https://doi.org/10.5897/jssem2016.0593. 

13. La Gerche, A., Taylor, A. J., & Prior, D. L. (2009). Athlete’s Heart: The Potential for Multimodality Imaging to 

Address the Critical Remaining Questions. JACC: Cardiovascular Imaging, 2(3), 350–

363. https://doi.org/10.1016/j.jcmg.2008.12.011. 

14. Levine, B. D., & Stray-Gundersen, J. (1997). “Living high-training low”: Effect of moderate-altitude 

acclimatization with low-altitude training on performance. Journal of Applied Physiology, 83(1), 102–

112. https://doi.org/10.1152/jappl.1997.83.1.102. 

15. McLean, B. D., Buttifant, D., Gore, C. J., White, K., Liess, C., & Kemp, J. (2013). Physiological and performance 

responses to a preseason altitude-training camp in elite team-sport athletes. International Journal of Sports 

Physiology and Performance, 8(4), 391–399. https://doi.org/10.1123/ijspp.8.4.391. 

16. Mirrakhimov, M. M., & Winslow, R. M. (1996). The Cardiovascular System at High Altitude. In Comprehensive 

Physiology (pp. 1241–1257). Wiley. https://doi.org/10.1002/cphy.cp040253. 

17. Ruiz, J. R., Gómez-Gallego, F., Santiago, C., González-Freire, M., Verde, Z., Foster, C., & Lucia, A. (2009). Is 

there an optimum endurance polygenic profile? Journal of Physiology, 587(7), 1527–

1534. https://doi.org/10.1113/jphysiol.2008.166645. 

18. Rusko, H. K., Tikkanen, H. O., & Peltonen, J. E. (2004). Altitude and endurance training. Journal of Sports 

Sciences, 22(10), 928–945. https://doi.org/10.1080/02640410400005933. 

 

 

 

 

https://doi.org/10.1249/01.mss.0000174899.35392.0c
https://doi.org/10.5772/53724
https://doi.org/10.5897/jssem2016.0593
https://doi.org/10.1016/j.jcmg.2008.12.011
https://doi.org/10.1152/jappl.1997.83.1.102
https://doi.org/10.1123/ijspp.8.4.391
https://doi.org/10.1002/cphy.cp040253
https://doi.org/10.1113/jphysiol.2008.166645
https://doi.org/10.1080/02640410400005933

