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ABSTRACT 

This is the first study to provide a review of the literature on the historical development of voluntary 

hypoventilation training (VHL). VHL is an unconventional training method that is increasingly gaining 

attention for its potential to improve athletic performance through controlled hypoxia and 

hypercapnia. Unlike traditional hypoxic training, which requires specialised equipment or high-

altitude exposure, VHL relies on breathing restrictions during exercise, offering a widely accessible 

alternative. The purpose of this study is to provide a historical perspective on the use of VHL. The 

review of the literature aims to describe the historical context, physiological basis, and development 

of VHL, which originated in breath holding techniques used by freedivers and evolved into a training 

tool adopted by elite athletes like Emil Zátopek to simulate challenging race conditions. In the late 

twentieth century, VHL was utilised by elite swimmers and mid-distance runners, who used the 

technique of extension of breath-holding after inspiration. Although this technique was not proven 

to be effective in inducing significant hypoxia, it was still applied in sports practice and is known as 

hypoxic training. At the beginning of the twenty-first century, Xavier Woorons and colleagues 

significantly advanced awareness of VHL in the scientific community by demonstrating its 

effectiveness using the end-expiratory breath-hold technique. This approach was shown to be 

effective in altering pH, increasing cardiac output, and inducing significant hypoxia and hypercapnia 

during exercise. Incorporating VHL into a training cycle can enhance respiratory muscle strength, 

buffering capacity, and endurance abilities. Currently, VHL is applied primarily in team sports due to 

its proven effectiveness in improving repeated sprint ability. Future research may focus on verifying 

the safety of this training method and exploring its potential to improve hematopoiesis. 
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PROBLEM  

Currently, it is still unclear what percentage of 

athletes have access to hypoxic training. Many 

athletes probably lack the equipment 

necessary for hypoxic training or the 

opportunity to participate in regular high-
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altitude training. Therefore, it is important to 

look for and promote approaches in sports 

practice that could be a partial substitute for 

hypoxic training and will be widely accessible 

and effective. Voluntary hypoventilation 

training (VHL) is an unconventional method 

that has gained attention due to its simplicity, 

accessibility, and potential to improve athletic 

performance. Despite its potential to improve 

endurance abilities, it is still rarely known and 

used in sport practice, probably due to a lack 

of awareness among coaches and athletes. 

Many do not realise that altering breathing 

patterns alone can significantly enhance 

conditioning. There is currently no study 

focussing on a literature review of the 

historical development of hypoventilation 

training. This paper seeks to address this gap 

by exploring the historical development of 

VHL, its underlying physiological principles, 

and the adaptations it induces.    

 

PURPOSE 

The purpose of this study is to provide the 

current state of literature on the history and 

development of VHL, its underlying 

physiological principles, and its impact on 

sports condition and performance.  

The tasks of this work include a review of the 

available scientific literature, a detailed 

analysis of the information collected, and the 

synthesis of these findings to create a 

comprehensive understanding of the history, 

development, and fundamental physiological 

principles of VHL.  

 

METHODS  

The systematic literature search was carried 

out in the following five databases: PubMed, 

Scopus, Web of Science, EBSCO, and Google 

Scholar. For all databases, the English search 

terms «hypoventilation training», 

«hypoventilation», «voluntary 

hypoventilation», «reduced frequency 

breathing», «breath-hold training», «breath-

holding» and «apnoe training», in connection 

with «competitive athletes», «sport» and 

«exercise» were used. To optimise the search 

process, the Boolean operators «AND», «OR», 

«NOT» and «*» were included uniformly in 

the individual databases. Additionally, 

reference lists of relevant studies were 

searched for other potential studies. There 

was no restriction on the period of publication 

of the studies. The research was completed on 

7th of November 2024. The titles and available 

abstracts of the searched studies were 

reviewed and classified as potentially relevant 

studies. Information relevant to our work was 

subsequently analysed from this literature.  
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RESULTS  

The current state of the literature on the 

history and development of hyperventilation 

training 

Voluntary hypoventilation training (VHL) is an 

unconventional training method that has the 

potential to improve athletic performance 

beyond the scope of classical training without 

the use of breathing interventions (1). 

Hypoventilation is a state in which breathing 

is restricted by reducing the frequency of 

breathing, shallow breathing, or holding 

breath (apnea) (2). When external respiration 

is limited, there is insufficient lung ventilation, 

leading to reduced oxygen intake into the 

body (hypoxia) and increased carbon dioxide 

concentration in the blood (hypercapnia) (3). 

Hypoventilation can be an unconscious, 

undesirable condition, such as in certain 

health disorders (2), or a conscious, voluntary 

controlled technique used in athletic training 

(1). Unlike traditional hypoxic training 

methods, which require multiweek stays in 

high-altitude environments, or equipment 

simulating hypoxic conditions (Yu et al., 2023), 

VHL involves deliberately reducing breathing 

during exercise through breath-holds, leading 

to a state of controlled hypoxia and 

hypercapnia. This method does not require 

special equipment, making it accessible to a 

wide range of athletes. Its effectiveness in 

improving endurance and anaerobic capacity 

has been observed, especially compared to 

conventional training performed without 

breathing restriction (Holfelder & Becker, 

2018). 

 

The origins of VHL 

Voluntary hypoventilation as a training 

method was first naturally used by freedivers 

and swimmers, for whom the ability to hold 

their breath directly limits athletic 

performance (5). However, the first mentions 

of voluntary hypoventilation are not related 

to sports training, but to obtaining food and 

other valuables hidden on the ocean floor.  

Ama divers in Japan, predominantly women, 

are traditional freedivers known for their 

incredible breath-holding abilities and their 

role in the harvesting marine resources 

without the use of modern diving equipment. 

These women have been practising their craft 

for more than 2,000 years. The Ama divers are 

particularly notable for their resilience and 

use of natural freediving techniques, which 

allowed them to descend to depths of up to 

25 metres while holding their breath for 

extended periods, often up to two minutes or 

more. Historically, they did this with little to 

no gear, wearing only a simple loincloth, and 

relied on skilful breath control, body 

conditioning, and intimate knowledge of the 

ocean to sustain their dives. The practice of 

Ama diving, also called "sea women" diving, is 

an early example of breath-hold diving long 

before it became popularised in the modern 
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freediving community. These women also 

developed specific breathing techniques that 

allowed them to optimise oxygen use and 

delay the onset of fatigue underwater (6,7). 

Deep diving without equipment has a rich 

history, but freediving as a sport began to 

develop in the modern era during the 

twentieth century. Its popularity was 

significantly boosted by the impressive 

performances of pioneers like Enzo Maiorca 

and Jacques Mayol in the 1960s, who 

showcased 100-meter dives to the world. The 

introduction of organised competitions in the 

1970s by organisations such as CMAS 

solidified the status as a legitimate sport (8). 

 

Utilization of VHL by athletes in 20th century 

The first mentions of VHL for athletic 

performance on land come from the training 

logs of eastern European runners who 

experimented with holding breath during rest 

or physical activity. This practice occurred 

even before freediving was established as a 

sport. Perhaps the most famous case is that of 

Emil Zátopek, who dominated the endurance 

running scene in the mid-20th century (9). At 

that time, however, these were not 

scientifically supported training methods, but 

rather empirical applications of breath 

holding to subjectively increase training 

difficulty. Many athletes sought to simulate 

challenging competitive conditions by adding 

extra respiratory strain. Most often, these 

involved maximal breath-holds after 

inhalation, performed at various running 

intensities. 

After the XIX Olympic Games in Mexico City in 

1968, the sports community began to show 

significant interest in hypoxic training. 

However, since this was not accessible to a 

wide range of athletes, the experimentation 

with reducing the breathing frequency 

continued. The coaches and scientists aimed 

to determine how to improve oxygen 

absorption and utilisation, particularly in high-

altitude environments. American swimming 

coach James Counsilman hypothesised that 

voluntary breathing restriction during training 

could produce effects similar to hypoxic stress 

for his athletes (10). He and many other 

coaches believed that this type of training 

could also increase body acidity and 

ultimately improve anaerobic metabolism 

processes (11). In the 1970s, training with 

restricted breathing was commonly 

recognised as hypoxic training, particularly 

popular among swimmers due to its strong 

relevance to their performance, implemented 

by increasing the number of strokes between 

breaths (12). 

In the 1980s, VHL transitioned from swimmers 

back to runners, particularly those in middle-

distance events. A pioneer among coaches 

was Brazilian Luiz de Oliveira, who trained 
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notable athletes such as 800m Olympic 

champion Joaquim Cruz and world champion 

in the 1500m and 3000m, Mary Decker. In 

practice, this involved 30 – 90m runs with 

breath-holding, often performed at the end of 

a 400- or 800-meter segment. The aim was to 

simulate, or even intensify, the conditions 

typical of the final phases of middle-distance 

runs. Due to the significant stress imposed, 

this type of training was conducted once a 

week. Although this was a more rational 

approach compared to the 1950s, it was still 

not scientifically substantiated (12). 

 

Scientific research focused on the 

physiological response to VHL at the turn of 

the 20th and 21st centuries 

Scientific investigation of VHL began in the 

1980s, but the initial findings were not 

encouraging to its proponents. Although a 

reduced breathing frequency was shown to 

increase CO₂ levels, no significant drop in O₂ 

was observed (13,14,15). Lactate levels were 

often even higher with normal breathing 

compared to reduced breathing 16,17,18). 

These findings were repeatedly confirmed in 

the 1990s (19,20). Despite these 

disappointing results, VHL continued to be a 

common part of the training process, still 

referred to by athletes as hypoxic training. It 

remained particularly prevalent among 

swimmers, as coaches observed certain 

performance benefits despite the lack of 

confirmed physiological responses. 

In the early 21st century, a Paris laboratory 

focused on cellular and functional responses 

to hypoxia proposed a hypothesis: “Significant 

reductions in blood oxygen saturation could 

be achieved during VHL if performed at low 

lung volumes” (21). Until then, breath-holding 

was commonly performed after inhalation; 

however, since a large volume of air remained 

in the lungs and oral cavity from which the 

body could draw oxygen, blood oxygen 

saturation did not decrease. Subsequent 

studies of low-lung-volume VHL (end-

expiratory breath-holding technique) 

demonstrated significant reductions in oxygen 

concentration in both blood and muscle 

during various activities (running, cycling, 

swimming) (22,23,24,25, 

26,27,28,12,29,30,31,32,33,34,35). The acute 

increases in erythropoietin, red blood cells, 

and hemoglobin after repeated maximum 

breath holds have been confirmed by several 

studies (36,37,38,39,40,41,42,43). However, 

the acute increase in the number of red blood 

cells and hemoglobin is probably related to 

contractions of the spleen, which is a reservoir 

of blood. This phenomenon is reversible, and 

increased values return to their original state 

after a few minutes (44,45,46). In freedivers 

who perform certain forms of VHL in the long 

term, increased values of red blood cells and 

hemoglobin (47,48,49), larger spleen volume 
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(50), increased chemoreceptor threshold for 

hypoxia and hypercapnia (51) and better 

utilisation of oxygen (52,53). However, VHL 

implemented in the training mesocycle of 

athletes did not lead to stable higher 

concentrations of red blood cells and 

hemoglobin (30). This is probably due to 

insufficient time volume under hypoxic 

conditions. Compared to classical hypoxic 

training, it is practically impossible to maintain 

the same degree of hypoxia in the same 

volume (54,21).  

With VHL, minute ventilation is limited mainly 

in the form of a decrease in respiratory 

frequency that subsequently leads to 

hypercapnia (29,31). Higher levels of pCO2 and 

lower levels of pO2 lead to respiratory and 

metabolic acidosis in which higher levels of H+ 

remain in the organism and pH decreases (21). 

To neutralise pH and return to homeostasis, 

higher concentrations of hydrogen HCO3- are 

produced, which acts as a buffer. Therefore, 

VHL could increase buffering capacity, 

creating the potential for higher lactate 

tolerance and better resistance to high-

intensity exercise (55). 

Beyond the hypoxic and hypercapnic effect, 

Woorons et al. (31) demonstrated that 

exercising with VHL could also lead to higher 

lactate levels compared to regular breathing. 

However, later research did not confirm this 

statement (56).  

Further research has shown that the 

implementation of VHL in cycling or running 

exercises could increase cardiac output This 

increase is caused by an increase in heart rate, 

stroke volume, or both (26,56,27,30,58).  

 

The influence of VHL on changes in the level 

of conditioning abilities of athletes 

Implementing VHL into the training mesocycle 

can lead to improved respiratory muscle 

strength (58,59,60,25,61).  

VHL is implemented in swimming through 

reduced breathing frequency. This training 

method was shown to be more effective 

compared to classical training with a natural 

breathing frequency rate in 6 out of 7 recently 

published experimental studies (62,58,59, 

27,28,63). Improvements are especially 

evident in short- and middle-distance 

swimming disciplines. Only one study did not 

confirm these statements, but has significant 

limitations (64), since more participants 

worsen their swimming performance over 

time during the experiment.  

Regarding the impact of HYT on aerobic 

endurance capabilities, it is not possible to 

definitively confirm or refute the potential 

effects due to ambiguous conclusions from 

the study sample. Although (64, 59,30,63) did 

not demonstrate a significant improvement in 

VO2max (or significantly more pronounced 

compared to the control group), (32,33,43) 
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showed more significant improvements in 

VO2max, VO2 and outcomes of Yo-Yo 

intermittent recovery test – level 1 in 

experimental groups using VHL compared to 

control groups (no breathing restrictions).  

Based on the analysis of available literature, it 

can be assumed that VHL can significantly and 

more prominently improve the level of 

Repeated Sprint Ability (RSA) compared to 

traditional training without respiratory 

interventions. The ability to perform repeated 

sprints is particularly limiting for players in 

sports games (65,66). Improvement in RSA 

was observed in most cases in the number of 

sprints to task failure (22,23,24,25,28,32,25). 

Performance outcomes such as average 

power output, average velocity, or fatigue 

index during certain periods of sections were 

positively and more significantly influenced 

compared to the control group (22, 23,32,35). 

These results improved significantly 

compared to the control group, mainly in the 

second half of the tests. No significant 

improvements in the variables mentioned 

above control group were observed in studies 

of (25, 33). Trincat et al. (28) and Woorons et 

al. (30,33) attribute the improved anaerobic 

capacity to the increased buffering capacity 

associated with a higher tolerance to lactate. 

The disparity in results may be related to the 

non-uniform methodology of the studies. The 

differences lie in various methods of applying 

VHL (different training means, workload 

volume, workload intensity) and the tests 

used, as well as the statistical analysis of the 

obtained data. In both aquatic or terrestrial, 

the limitations of the studies include a low 

number of participants, the absence of a 

research sample calculation, the absence of 

randomisation of research samples, 

heterogeneity of research samples, the lack of 

study registration, the inability to conduct 

blinding, and nonuniform methodology in 

terms of applying the experimental factor, 

fitness level testing, and result evaluation. 

However, these studies are very valuable and 

address the original issue. If athletes can 

achieve an increase in performance above the 

level of gains from classical training simply by 

changing the breathing stereotype, these are 

very original and valuable findings. 

Scientific studies by Woorons, but also by 

other sports scientists, provided valuable 

information for the creation of modern 

breathing techniques, which are known 

worldwide today. The most famous is Oxygen 

Advantage, the founder is Patrick McKeown 

(67). 

Current and future studies investigating VHL 

could focus on validating the technique of 

end-expiratory breath-holding during intense 

exercise up to the breaking point (68). 

Breaking point is the moment when the 

participant is no more able to hold breath and 

must inhale. It would be interesting to see if a 

mesocycle of several weeks to several months 
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using VHL can significantly affect 

haematopoiesis and thus be an effective 

substitute for classic hypoxic training. 

However, the potential risks associated with 

this type of training should not be forgotten 

either, as long-term exposure to hypoxic 

conditions may cause some damage to the 

nervous system. However, this risk is mainly 

associated with breath holding during deep 

diving, sleep apnoea, or cyclic 

hyperventilation (69). To date, no negative 

effects of rational VHL in sports training on 

any aspect of health have been demonstrated. 

 

DISCUSSION 

This study provides a comprehensive review 

of the history, development and physiological 

underpinnings of VHL, highlighting its 

progression from freediving techniques to 

modern sports applications. Our findings 

underscore the accessibility and potential to 

enhance endurance and repeated sprint 

ability, particularly in athletes without access 

to traditional hypoxic training.   

A key strength of our work lies in its originality 

since this study is the first to provide current 

state of literature regarding the historical 

development of VHL. The study provides a 

broad historical perspective, integrating the 

origins of VHL in freediving with its adoption 

by elite athletes and scientific validation by 

Woorons and colleagues. By synthesising a 

wide range of studies, we provide a unique 

contextual overview of VHL's physiological 

mechanisms, particularly its ability to induce 

controlled hypoxia and hypercapnia. This 

review also draws attention to the diverse 

applications, from swimming to team sports, 

highlighting its practical benefits for athletes 

and coaches.   

Although our aim was to provide an 

exhaustive account, the non-uniform 

methodologies across the included studies 

complicate direct comparisons. Most studies 

suffer from small sample sizes, lack of 

randomisation, and inconsistent testing 

protocols. Furthermore, evidence supporting 

long-term haematological adaptations 

remains inconclusive, mainly due to limited 

exposure to hypoxic conditions compared to 

traditional methods. Another limitation lies in 

the difficulty of accessing original historical 

sources, such as training diaries, so the study 

partially relies on secondary citations. Wider 

use of VHL cannot be ruled out, but the study 

drew information from the scientific 

literature, while sports practice may differ 

from science. 

This study contributes to bridging the gap 

between historical practice, scientific inquiry, 

and practical application, underscoring VHL's 

relevance in modern athletic training. 
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SUMMARY 

Voluntary hypoventilation training is an 

innovative and nontraditional training 

method that can improve athletic 

performance by creating controlled hypoxia 

and hypercapnia through breathing 

restrictions during physical activities. Unlike 

traditional hypoxic training, which requires 

specialised equipment or high-altitude 

environments, VHL offers a more accessible 

alternative that can improve endurance 

abilities. The origins of VHL can be traced back 

to breath-holding techniques developed by 

traditional freedivers. Later in the twentieth 

century, VHL was used by athletes from 

eastern Europe, like Emil Zátopek, to simulate 

challenging race conditions. Throughout the 

twentieth century, VHL techniques spread, 

especially among swimmers and runners, to 

intensify training by extending the duration 

during exercise (see Figure 1). Implementing 

VHL in training can acutely cause significant 

hypoxia and hypercapnia, increase cardiac 

output, and alter pH levels to higher acidosis. 

Long-term adaptation to VHL can be 

associated with stronger respiratory muscles 

and better endurance abilities, especially 

repeated sprint ability, probably related to 

higher buffering capacity and lactate 

tolerance. Rational VHL should be performed 

as an end-expiratory breath-holding during 

exercise. It appears safe from a health 

perspective since no negative effects have 

been confirmed to date. The potential of VHL 

to improve performance by altering breathing 

patterns holds significant promise, paving the 

way for modern breathing techniques such as 

Oxygen Advantage. There is the assumption 

that in the future VHL could be used in a wide 

range of sports, especially for the purpose of 

improving the endurance abilities of athletes.

Figure 1 A brief history of hypoventilation training 
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