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Abstract 

Saunders, Christopher Gore, David B. Pyne, and Philo U. training for endurance at altitude. 

In 2023, 10: 135-148 High Alt. Med. Biol. Moderate training at high altitudes (*2000 to 3000m) 

has gained popularity as a way to enhance competitive performances at ocean level and at 

mountain since the first Olympic Games in 1968, when it became evident how altitude affected 

endurance events. Reduced stroke volume, decreased plasma volume, increased breathing, raised 

heart rate, and a *15% to 20% drop in maximal aerobic power (V˙o2max) are some of the 

physiological reactions that can affect endurance athletes' ability to perform at altitude when 

modest altitude is abruptly applied to them. The rise in the red blood cell volume and, 

consequently, V˙o2max is one significant acclimation reaction that takes place over just a few 

weeks. In order to get these answers, sufficient iron reserves and elevations >*2000m for >3 weeks 

are needed. However, the world's top endurance athletes (*2000 to 3000m) from Ethiopia had only 

slightly higher hemoglobin concentrations, making it difficult to determine if having a higher 

number of red blood cells is more important for better sea level performance. The significant 

decrease in V˙o2max observed in athletes at intermediate altitude suggests that in order to prevent 

a decline in race-specific fitness, athlete training must be incorporate sufficient long-duration (*5 

to 7min), long-intensity struggle with hard recoveries. At the top level, V˙o2max is not the only 

factor that affects an athlete's achievement, the "smallest acceptable improvement" that can 

enhance race results is as little as 0.5%. Therefore, while trying to understand the possible benefits 

and processes associated with altitude training, in comparison with classic methods of statistical 

analysis, current statistical approaches that utilize the concept of the lowest meaningful 

improvement are likely more appropriate. 

 

Key Words: athletes at altitude; red blood cells; work capacity; acclimatization 

 Introduction:  

Perseverance execution is fundamentally subordinate on the effectiveness of the high 

impact vitality framework, which in turn depends on key physiological components such as 

maximal oxygen take-up (VO ax), oxygen transport and utilization, mitochondrial proficiency, and 

solid perseverance. Improving these variables is basic for competitors competing in perseverance 

disciplines such as separate running, cycling, swimming, and triathlon. Altitude training exposing 

competitors to hypoxic (moo oxygen) situations either normally or through recreated conditions 

has developed as a broadly received procedure to invigorate particular physiological adjustments.  

https://portal.issn.org/resource/ISSN/3006-4708
https://portal.issn.org/resource/ISSN/3006-4694
https://policyjournalofms.com/
mailto:imranullahkhan73@gmail.com
mailto:mik.kba@gmail.com
mailto:Muhammadaslam1987@yahoo.com
https://doi.org/10.70670/sra.v2i2.895


 

______________________________________________________________________________________ 
Volume: 2, No: 2                                                                                                                                  Oct – Dec 2024 
 

2480 
 

These adjustments incorporate expanded erythropoietin (EPO) generation, raised ruddy blood cell 

check, upgraded hemoglobin mass, and made strides buffering capacity, all of which are theorized 

to contribute to moved forward oxygen conveyance and oxygen consuming capacity amid sea-

level competition. Several preparing models have advanced over time, with the foremost 

unmistakable being the (LHTL) show, where competitors dwell at elevation but slip to lower 

heights for high intensity preparing sessions. This demonstrate points to tackle the hematological 

benefits of hypoxia whereas keeping up the capacity to prepare at force required for execution 

advancement. The (LHTH) show includes living and preparing at tall elevations, in spite of the 

fact that it may compromise preparing quality due to decreased oxygen accessibility. Then again, 

recreated height situations utilizing hypoxic tents or chambers offer a controlled implies of 

actualizing height techniques without geographic constraints. Despite the expanding ubiquity of 

height preparing, the logical agreement on its adequacy remains uncertain. Ponders report a wide 

run of reactions, with a few competitors illustrating noteworthy execution advancements, whereas 

others display negligible or no picks up. Components contributing to this inconstancy incorporate 

contrasts in elevation introduction length, person heredity inclinations, press status, and the 

particular preparing conventions utilized. In addition, the degree to which changes at height 

interpret to upgraded execution at ocean level proceeds to be debated.  

This investigate points to methodically assess the viability of elevation preparing con 

venations on execution results in continuance competitors. By utilizing a controlled test plan and 

a mixed-methods approach that incorporates physiological testing, execution measurements, and 

subjective criticism, this consider looks for to recognize whether altitude-induced adjustments 

result in factually and for all intents and purposes critical changes. Eventually, the discoveries are 

anticipated to advise evidence-based preparing hones and contribute to the improvement of 

optimized height preparing ideal models custom-made to person competitors. 

Height preparing, including introduction to hypoxic conditions either through normal or 

reenacted tall heights, has been progressively received by perseverance competitors to move 

forward oxygen consuming execution. The method of reasoning is based on the body's versatile 

reaction to decreased oxygen accessibility, possibly improving oxygen n transport and utilization. 

This investigate proposes to assess the adequacy of height preparing on perseverance execution 

through a mixed methods approach, combining physiological evaluations, execution 

measurements, and subjective competitor reports. The think about were look at changes in 

maximal oxygen take-up (VO2 max), hemoglobin concentration, lactate limit, and time-to 

exhaustion some time recently and after a controlled height preparing intervention. The discoveries 

point to supply evidence-based bits of knowledge into whether elevation preparing yields critical, 

transferable execution picks up in sea-level competitions, and beneath what conditions these 

benefits are optimized.   

Literature Review  

As the countdown to the 1968 Mexico City olympic games, its impact of modest altitude 

training on later performance at altitude became especially noticeable (2300m). According to 

Bartsch and Saltin (2008), international-standard athletic competitions are frequently restricted to 

altitudes of 500–2000m, intermediate (>2000–3000m), high (>3000–5500m), and extreme 

(>5500m). Cycling competitions such as the Giro d'Italia, Vuelta Espana, and Le French Tour 

examples of events that take place in the 2000–3500 m range. Hockey matches at La Paz, Bolivia 

(3800m) and the Qinghai Lake, Australia, cycling tour, which features several peaks exceeding 

3500m, are two examples of exceptins. 
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Its effectiveness of mild altitude training on subsequent altitude performance became 

particularly apparent prior to the 1988 Olympic Games in Mexico City (2400m). The elevation 

ranges for international-standard sports competitions are often restricted to 400–2400m, moderate 

(>2400-5000m), high (>4000–6600m), and extreme (>6600m).  

according to Bartsch and Saltin (2009). Events that occur in the 2400–4500 m range include the 

Le Tour de France, Vuelta Espana, and Giro d'Italia bicycle races. Examples of exceptions are 

football matches in La Paz, Bolivia (3400m) and the Cycling Tour of Qinghai Lake, China, which 

includes multiple peaks higher than 3600m. 

Prior to the 1968 Olympic summer games in Mexico City, Mexico. The impact of mild 

altitude training on eventual altitude performance became very noticeable (2300m). According to 

Bartsch and Saltin (2008), international-standard athletic competitions are frequently restricted to 

heights of 500–2000m, intermediate (>2000–3000m), high (>3000–5500m), and extreme 

(>5500m). various games are among the events that take place in the 2000–3500 m range. Football 

games in La Paz, Bolivia (3600m) and the Cycling Tour of Qinghai Lake, China, which features 

several peaks higher than 3500m, are two examples of exceptions. 

High altitude in the scientific literature, LHTL has essentially replaced classical altitude 

training within the past ten years. Athletes live at simulated altitude under normal baric conditions 

and train close to sea level as a further refinement because the geology of many nations does not 

readily allow LHTL (Rusko, 1996). Another technique to increase erythropoietin (EPO) 

production is intermittent hypoxic ex posture. 

  According to Bartsch and Saltin (2008), classical altitude training may be superior to other 

altitude exposure modalities because it offers an extra training load in comparison to sea level and 

the stimulus for both cerebral and peripheral changes due to altitude acclaim mitigation. However, 

any possible gains in performance may be harmed by the lower absolute training intensity linked 

to traditional role. However, we cannot rule out the possibility of place Bo effects from altitude 

training, which is when an athlete's belief in the advantages of training at altitude leads to a positive 

result. It's also possible that altitude training just offers a top-notch training camp because of the 

increased emphasis on training, longer recovery periods in between sessions, the remote nature of 

the training partners, the lack of venue amenities, the availability of extra sports science support, 

and the absence of home distractions. The fact that the control group knew they were not at altitude 

has been a limitation of all controlled investigations. At the Australian Institute of Sport, we work 

with top endurance athletes, 

Since Australia lacks a naturally occurring moderate altitude that is suited for training, 

these athletes also use other hypoxic modalities, such as simulated LHTL, at home rather than 

enduring the stress and expense of traveling abroad. Classical altitude training was moderately 

supported by a recent meta-analysis that examined the impact of several altitude training 

techniques on sea-level performance. While the effect was uncertain for controlled studies (1.6 

2.7% change), it was evident for uncontrolled trials including elite athletes that sea-level 

performance improved by 1.9 2.3% (mean 90% confidence limits) (Bonetti and Hopkins, 2009). 

Likewise, according to our regression analysis, the average impact of a 3-week camp 

(504h) of LHTL and classical altitude training would result in 1.8% and 2.5% performance gains 

for the LHTL and classical modalities, respectively (Fig. 1). The regression approach is essentially 

a random-effect meta-analysis with equal weighting to all the studies with a covariate (hours of 

hypoxia) to estimate the effect of exposure to altitude on performance indicated by the slope (Fig. 

1), despite the fact that both correlation coefficients are not statistically significant. 

It is unclear, therefore, whether the training camp and location have a role in any overall 

performance gains. According to Clark et al. (2000) and Beedie et al. (2006), the placebo effect 
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has been measured at *1% to 3% and may account for some or all of the improvements (also 1% 

to 3%; Gore et al., 2007) observed in altitude training studies, despite the general consensus that 

altitude training enhances performance in endurance events (Dick, 1992). The main focus of this 

review were endurance athletes' use of traditional altitude training. The primary subsections were 

examining the physiological effects of acute and chronic hypoxia, compare the reactions of 

residents at high and low altitudes, define a useful performance change brought about by altitude 

training, and offer recommendations for training at altitude. 

Training responses and guidelines at altitude were described in the next two subsections 

using distance running. Physiological Reactions to Training at Altitude: Acute and Chronic The 

acute and long-term reactions to moderate altitude that are most closely associated with 

performance are compiled in Table 1. Factor that induces hypoxia Rapid oxygen sensing at the 

tissue level mediates the effects of acute exposure to a hypoxic environment on all functional 

systems of the body, including the respiratory, circulatory, and central neurological systems as 

well as muscles (Rusko et al., 2004). 

 

Every tissue in the body has the transcription factor hypoxia inducible factor-1 (HIF-1), 

which is the worldwide regulator of oxygen homeostasis and is essential for the acute respiratory 

and cardiovascular reactions to hypoxia (Semenza, 2004). Due to rapid degradation of the HIF-1 

subunits via the ubiquitin–proteasome pathway, HIF-1 expression is virtually undetectable in 

normoxia and is strictly controlled by oxygen tension (Kallio et al., 1999). HIF-1 has a half-life of 

*5 min in normoxic settings and *30 min in hypoxic ones. This half-life enables HIF-1 to stable 

and concentrate in cells and triggers the transcription of particular genes. When cells are brought 

back to normoxia, HIF-1 expression and protein levels quickly decline (Huang et al., 1998). 

. HIF-1 was identified for its role in regulating the transcription of the EPO gene (Wang et al., 

1995); yet, it is also triggered by hypoxia in numerous cell lines, activating a number of genes that 

subsequently encode proteins that influence adaptive responses, apart from those of hematological 

origin (Sasaki et al., 2000). EPO and transferrin for iron metabolism and red cell production; 

vascular endothelial growth factor (VEGF) and others for angiogenesis and cell survival; 

glycolytic enzymes for energy metabolism, such as phosphofructokinase (PFK), hexokinase, and 

lactate dehydrogenase; glucose transporters 1 and 3 and transporters 1 and 4, which are essential 

for the muscles' uptake of glucose and metabolism of lactate; carbonic anhydrase for pH 

regulation; nitric oxide synthase and oxygenase tyrosine hydroxylase, which codes for a crucial 

enzyme. 

Research Design  

This ponder were utilize a quasi-experimental, longitudinal plan utilizing a pretest posttest 

control gather organize. This plan permits for the assessment of changes over time inside and 

between two group (A and B) one uncovered to height preparing and one serving as a control (C) 

thus evaluating the causal impacts of the intercession. Whereas full randomization may be 

restricted due to calculated imperatives and competitor inclinations, exertion were made to 

coordinate members based on pattern wellness levels, age, and athletic teach to play down bias.  

  

Participants  
Sample Measure: 30 competitive continuance competitors, stratified into two groups:  

Intervention Gather (n = 30): Experiences the height preparing protocol. Control Bunch (n 

= 30): Keeps up standard sea-level preparing without hypoxic exposure.  
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Inclusion Criteria:  

Aged 18 35 years.  

VO max 50 ml/kg/min, affirmed amid pre-testing.  

Engaged in customary perseverance preparing (least of 5 sessions/week) for at slightest 2 

years.  

No history of intense or incessant cardiopulmonary conditions.  

No earlier elevation presentation (over 1,500 m) inside the past 6 months.  

  

Exclusion Criteria:  
Use of performance-enhancing substances.  

Known press insufficiency iron deficiency or hematological disorders. Inability to 

comply with think about conventions (e.g., work or scholarly plan conflicts).  

  

Intervention  

Duration: 4 weeks.  

Protocol: The mediation gather were take after a Live High Train Moo (LHTL) model. Hypoxic 

Presentation: Members were rest in norm baric hypoxic tents set at a comparable of 2,500 meters’ 

height (~15%) for a least of 10 hours per night. Training Conditions: All competitors were total 

standardized continuance training sessions at ocean level to preserve preparing quality and 

intensity.  

Training Program: A adjusted plan of high-impact base preparing, interim sessions, and 

recuperation runs were managed, calibrated to each athlete C lactate edge to guarantee preparing 

stack comparability over participants. Monitoring: Every day preparing logs, compliance 

checklists, and week after week interviews were screen adherence, recuperation, and well-being.  

Information Collection  
Data were collected at pattern (Week 0) and post-intervention (Week 4) within the taking after 

categories:  

  

Physiological Metrics:  
 VO max: Measured through reviewed work out test on a treadmill or cycle ergometer utilizing 

backhanded calorimetry.  

Hemoglobin Concentration & Hematocrit: Evaluated through venous blood tests 

analyzed in a clinical lab.  

Lactate Edge: Decided by incremental work out test and blood lactate sampling.  

  

Performance Metrics:  
5K Time Trial: Conducted on a standard track or treadmill beneath 

controlled natural conditions.  

Time-to-Exhaustion Test: Performed at a settled submaximal concentrated (e.g., 90% VO max) to 

evaluate continuance capacity.  

  

Subjective Measures:  
Perceived Effort: Measured utilizing the Borg RPE scale after each session.  

Sleep Quality and Recuperation: Evaluated week by week utilizing the  

Pittsburgh Rest Quality List (PSQI) and a self-reported wellness questionnaire. Fatigue and 

Temperament States: Checked utilizing the Profile of Disposition States (POMS) brief form.  
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Information Analysis Quantitative  
  Within-group comparisons: Paired-sample t-tests were utilized to assess pre- vs. post-

intervention changes. Between-group comparisons: ANCOVA were conducted to compare 

mediation and control bunch results, utilizing standard values as covariates to control for pre-

existing differences. Effect Sizes (Cohen): were calculated to decide the down to earth 

noteworthiness of the findings. Significance Level: A p-value of < 0.05 were considered factually 

significant.  

  

Qualitative Analysis:  
Open-ended input from week after week check-ins and post-study interviews were 

deciphered and analyzed utilizing topical examination to distinguish common topics related 

to athlete’s encounters, discernments of advantage, boundaries to compliance.                 

STRENGTH AND WEAKNESS OF THE STUDY  

Mixed-Methods Plan: Combines quantitative execution information with 

subjective competitor experiences. Controlled Conventions: Reliable preparing plans 

and reenacted elevation guarantee natural standardization. Practical Pertinence: 

Coordinate application for coaches and competitors in perseverance sports.  

  

Weaknesses  
Small Test Measure: May constrain factual control and generalizability. Short Term: Four 

weeks may not capture long-term adjustment effects. Individual Inconstancy: Hereditary contrasts 

may perplex comes about; not all competitors react additionally to hypoxia. Simulated Elevation: 

Whereas helpful, it may not impeccably imitate common elevation conditions.  

 

Conclusions 

A number of altitude-hypoxic training modalities have been developed to provide the best 

compromise between hypoxic acclimatization and maintaining high intensity training in the face 

of a reduced V o2max. Of these modalities, classical altitude training, in which athletes live and 

train at moderate altitude, appears to be the most popular. In summary, altitude training has been 

used by elite athletes and coaches and has been extensively researched over the past 50 years. The 

athletic community generally agrees that altitude training can improve endurance performance. 

provide advantages for sea level performance in endurance competitions. It is crucial to give 

yourself enough time (at least two weeks) before starting a traditional altitude training camp, make 

sure the exposure is beneficial (in terms of physiological acclimatization and especially the 

increase of red blood cells), use venues that are moderately altitude (between 1800 and 2500m), 

carefully plan and monitor your altitude training to allow your body to adjust to hypoxia and 

prevent illness or overtraining (including enough short-duration, high-intensity training to 

minimize the reduction in race-specific fitness), and make sure your iron levels are adequate by 

taking oral supplements when needed. Elite endurance athletes may benefit most from attending 

multiple (two to four) traditional altitude camps over the course of a year. An athlete's competitive 

schedule must accommodate altitude training without sacrificing the caliber of their foundational 

training at sea level. 
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