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Abstract

Hypoxic training is widely used to enhance endurance performance, yet its application in
combat sports such as judo is poorly understood. This study explored (1) hypoxic training
practices, (2) perceptions, and (3) educational pathways among judo athletes and perfor-
mance staff (coaches/practitioners). A total of 173 judo athletes and 39 performance staff
completed an online questionnaire covering participant characteristics, hypoxic practices,
education, and perceptions. Closed-ended responses were analysed using frequency statis-
tics, and open-ended responses using thematic analysis. Hypoxic training was not widely
used, with most respondents reporting no engagement. Among participants currently
using hypoxic training, the primary aim was to enhance sea-level performance (13.7%),
with limited use for altitude competition (8.5%). Natural altitude was the most common
modality, with 7.1% respondents currently using it, typically at <1500 m. Only 20.8% of par-
ticipants reported receiving or delivering education on hypoxic training. Perceptions were
mixed, with 38.7% agreeing it benefits judo performance, although agreement was higher
among performance staff than athletes. Thematic analysis identified perceived benefits (e.g.,
time-efficient fitness gains) and drawbacks (e.g., cost, access, and scheduling constraints).
Hypoxic training is not a common practice in judo, but amongst some respondents it is
perceived as potentially beneficial; these perceptions should not be interpreted as evidence
of effectiveness. Its use is primarily oriented towards improving sea-level performance,
and current knowledge appears largely informal. Greater sport-specific guidance and
education may support more informed application in practice.

Keywords: judo; altitude training; hypoxic training; perceptions; strength and conditioning

1. Introduction

Altitude training has been widely adopted since the success of high-altitude natives at
the 1968 Mexico City Olympic Games (~2240 m) [1]. Traditionally, it was used to prepare
athletes for competition at altitude through environmental acclimatisation [2—4]. More
recently, research has shifted towards its use for enhancing sea-level performance [5-7],
alongside emerging applications in clinical populations [8-12].
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Altitude training (i.e., terrestrial /natural altitude) or simulated altitude training (i.e.,
chamber, tent, or mask-based systems) can be collectively referred to as hypoxic train-
ing. The use of mask-based systems, which involve connecting a mask and hose to a
generator, should not be confused with the commercially available ‘altitude mask’, which
is essentially a respiratory muscle trainer. Hypoxic training is proposed to induce both
haematological (e.g., increased red blood cell volume and haemoglobin mass) [13-15] and
non-haematological adaptations (e.g., increased oxidative enzyme activity, mitochondrial
density, capillarisation, buffering capacity, and improved pH regulation) [16-18] which
may enhance sea-level performance. Achieving these adaptations depends on the training
model and hypoxic dose, which may be influenced by the mode of hypoxia (e.g., a greater
severity of hypoxia required to elicit robust physiological responses when using simulated
hypoxia compared with natural altitude). Traditional approaches such as live high—train
high (LHTH) and live high-train low (LHTL) require prolonged exposure (>12 h-day~!) at
moderate altitudes (~1800-2500 m) to stimulate erythropoiesis [18,19]. In contrast, inter-
mittent hypoxic methods, including live low—train high (LLTH), involve shorter exposures
(<3 h-day ') and are less likely to elicit haematological adaptations, instead promoting
peripheral muscular adaptations [19,20]. With the development in technology and growing
accessibility in hypoxic training facilities, more innovative training solutions have become
available for athletes. The rise in popularity of LLTH in intermittent sports, in particular,
has witnessed the development of advanced training modalities such as high-intensity
conditioning and resistance training performed in hypoxia [19,20]. In contrast to traditional
means of training at altitude, notably endurance training, these modalities offer some
unique benefits to athletes performing in intermittent sports (e.g., rugby), such as improved
repeat-sprint ability [21]. Accordingly, practitioners should select training models based on
the specific needs of the athlete, sport, and physiological adaptations targeted.

Hypoxic training has been widely studied in endurance [22,23] and, more recently,
team sports [19,24], but remains under-researched in combat sports such as judo [25-28].
This gap may not reflect a lack of practitioner expertise, but rather the difficulty of trans-
lating principles developed in continuous, locomotor-based sports to the intermittent,
high-intensity, weight-category demands of judo [29,30].

Judo is a grappling-based combat sport characterised by repeated high-intensity move-
ments, including throws, submissions and hold-downs [31]. A standard match is set for
4 min; however, this could finish much sooner or can go on for several minutes into a period
of sudden death, known as “golden score”. Therefore, high involvement of the oxidative
energy system can be observed during a bout and is reflected by the high work-to-rest ratios
(2:1-3:1) reported in the literature [29]. In support of this, Julio et al. (2017) [32] suggested
that the oxidative energy system contribution (~70%) was predominant throughout a simu-
lated judo match compared with the ATP-PCr (~21%) and glycolytic (~8%) energy systems,
which demonstrated a greater contribution earlier on within the match. Despite this, high
blood lactate values (10.4-25.1 mmol/L) have also been reported post-bout [33-35], sug-
gesting substantial involvement of the glycolytic energy system. In addition to energy
system development, judo athletes must also be able to produce high levels of strength
and power. For example, performance in the countermovement jump demonstrated a
strong positive association (r = 0.74; p < 0.01) with performance in the Special Judo Fitness
Test (SJFT) [36]. Furthermore, grip strength-endurance has previously been suggested to
discriminate between athlete levels, with elite athletes performing a greater number of
repetitions (12 & 5 vs. 9 % 4 reps, respectively) in a dynamic judo-gi strength test compared
with non-elite athletes [37]. Finally, in youth athletes, standing long jump performance and
hand grip strength were able to predict close to 30% of the variance in performance in the
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SJFT [38]. Therefore, holistic development of all of the above fitness qualities should be a
key focus for the competitive judo athlete.

The use of hypoxic training may be a valuable tool for improving the aforementioned
fitness qualities in judo athletes. For instance, an innovative hypoxic training modality
known as repeated-sprint training in hypoxia (RSH) (i.e., short all-out effort sprints with
incomplete recovery) has demonstrated improved power output and fatigue resistance dur-
ing a repeat-sprint ability (RSA) test compared with similar training completed at normoxia
(i.e., sea-level) in athletes from various sports [39—41]. In support of this, Woorons et al.
(2024) [42] investigated the effects of repeated-sprints completed under voluntary hypoven-
tilation at low-lung volumes (VHL) (i.e., maximal end-expiratory breath holds) in elite
judo athletes. The authors found that the VHL group improved their mean power out-
put during the second half of the RSA test, along with a lower sprint decrement score,
suggesting improved performance compared with the unrestricted breathing group, who
did not observe these benefits. From a strength and power perspective, a few studies
have explored resistance training in hypoxia (RTH) in judo athletes and have reported
improved performance during a vertical jump task [25], with some research suggesting
improvements in performance may be attained earlier than similar training conducted at
sea level [27]. However, these findings should be interpreted with caution, as other research
has found RTH to induce negative effects for peak knee extensor torque compared with
resistance training in normoxia, which the authors suggested may be a product of greater
peripheral fatigue from the addition of hypoxia [26]. Additionally, due to the limited num-
ber of studies exploring hypoxic training in judo, establishing whether hypoxic training
is as effective as similar training at sea-level is yet to be determined. In addition to the
training modality conducted in hypoxia, the mode of hypoxia and training model should
also be considered for the judo athlete. As previously discussed, the traditional benefits
associated with hypoxic training being primarily related to improved oxygen transport,
may have some advantages for judo athletes given the bioenergetic demands of the sport.
However, more experimental research is required to support this notion. Furthermore,
these classical approaches to training often require a prolonged stay at terrestrial altitude,
which is associated with some potentially adverse effects for athletes. For example, acute
dehydration [43], increased risk of altitude-related illness [44] and a greater occurrence of
sleep disturbance [45] are just a few risks associated with high-altitude exposure/training.
Given the importance of recovery in judo, particularly when completing hard training
sessions, making weight for competition and during high-volume training phases, some
of these effects may be extremely detrimental to judo athletes. Therefore, coaches and
practitioners should consider these factors when attempting to plan a hypoxic training
phase for their athletes.

In the absence of sport-specific frameworks, coaches and practitioners are likely to
rely on experiential knowledge, cross-sport analogies, and contextual constraints when
implementing hypoxic training. However, these practices, underlying rationales, and
associated perceptions have not yet been systematically documented.

Turner et al. (2019) [46] examined altitude training practices and perceptions among
elite endurance athletes and support staff using an online questionnaire, providing insight
into how altitude training is implemented and perceived in that context. Generally, positive
responses were observed in the study by Turner et al. (2019) [46], which is in accordance
with the breadth of literature supporting the use of hypoxic training for endurance ath-
letes [22,23]. However, given the scarce number of studies exploring hypoxic training
for the sport of judo [25-28] and the outlined differences in physical and physiological
attributes, response rate and perceptions may vary from Turner’s (2019) [46] study. Despite
these expected differences, adopting a similar approach in judo may help address the
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current gap in the literature by documenting whether hypoxic training is used in practice,
how hypoxic training is used, understood, and taught within the sport.

Therefore, the aims of this study were threefold: (1) to examine hypoxic training
practices among judo athletes and performance staff (coaches/practitioners); (2) to explore
their perceptions of its use and (3) to investigate associated educational pathways. It
is expected that hypoxic training practices applied by athletes and performance staff
will be based on experiential knowledge from practitioners and coaches and may reflect
traditional training recommendations adhered to by endurance and team-sport athletes,
given the availability in the literature for those sports. It is also expected that athletes and
performance staff will display positive perceptions towards hypoxic training as an effective
training strategy. Finally, it is expected that education and understanding around the
topic of hypoxic training will reflect experiential knowledge of athletes and performance
staff. Given the absence of judo-specific frameworks, this study did not seek to identify
optimal practice, but rather to document current practices, perceptions, and education in
applied settings. Exploring the differences between judo athletes and performance staff
responses will provide a valuable insight into the variability between key stakeholders
responsible for implementing this type of training, compared with athletes who receive the
training. Differences in practices, perceptions and education may highlight some key gaps
in knowledge and understanding whereby educational intervention and evidence-based
training recommendations can be developed through rigorous experimental research and
applied to enhance training practices in the sport. It is worth noting that this study is
strictly explorative and does not intend to evaluate the effectiveness of hypoxic training for
judo athletes.

2. Methods
2.1. Study Design

This study used a cross-sectional research design in the form of a survey to examine
hypoxic training practices, perceptions, and educational pathways among judo athletes and
coaches/practitioners (hereafter referred to as performance staff). An anonymous online
questionnaire was distributed via professional networks (e.g., British Judo, International
Judo Federation), using the latest publicly available versions of social media in 2024 /2025
(Instagram, LinkedIn, X), and in-person recruitment. Thus, to gain responses, this study
utilised convenience sampling for participant recruitment. Data was collected from January
2024 to January 2025.

2.2. Participants

243 people responded to the questionnaire, 30 were excluded due to being under the
age of 18 years old and an additional person was excluded as they admitted they had never
performed judo. Therefore, 212 participants (Table 1) were included in the analysis. Due
to the sampling strategy used (i.e., convenience sampling), this study did not use a priori
sample size calculation. The inclusion criteria for this study were (a) a current or previous
judo athlete or performance staff member and (b) 18 years old or over. This study was
approved by the University of Wolverhampton ethics committee.

Table 1. Participant characteristics.

Judo Athlete (n =173) Performance Staff (n = 39)
Sex M: 120 M: 28
© F: 53 F: 11
Age (years) 21+4 38 £10
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Table 1. Cont.
Judo Athlete (n = 173) Performance Staff (n = 39)

Judo experience (years) 11+5 13+7
C:0 C:1
" R:6 R:1

Competitive level N: 90 N: 14
1. 77 I:23

M = male, F = female, C = club, R = regional, N = national, I = international.

2.3. Procedure

The questionnaires used in this study were adapted from previous research on en-
durance athletes [46] and were administered via Google Forms (Google Forms, Google
LLC, California, CA, USA). To account for differences in terminology, two separate ques-
tionnaires were developed, one for athletes and one for performance staff (Supplementary
File S1). The questionnaires were translated into Portuguese and Korean, which were
linguistically validated by two independent native-speaking researchers and distributed
locally amongst these populations. To gain additional responses, the questionnaires were
also translated into several other languages (Japanese, French, Italian, Spanish, German,
Russian, Arabic, Chinese, Georgian and Hindi) to gain additional responses using the
purchasable multilingual feature in Google Forms. After being reviewed by each member
of the research team, the questionnaires were piloted on four performance staff members
and four athletes from the British Judo National team to support face validity, readability,
and contextual relevance. Participants involved in pilot testing were asked to provide
feedback on question content, order, readability, visual appeal and time to completion. This
resulted in minor adjustments to the wording and order of questions. No formal validation
of the questionnaire was performed.

The final questionnaire comprised 28 questions for performance staff and 29 for judo
athletes, as one question was irrelevant for staff to answer. Questions were divided into five
sections: (1) informed consent; (2) participant information; (3) hypoxic training practices;
(4) hypoxic training education and understanding and (5) hypoxic training perceptions.
The questions were comprised of closed-ended and open-ended questions. A 4-point (i.e.,

/72

“Never used”, “Previously used but not anymore”, “Currently used” and “Not used but

”oou

would consider future use”) and 5-point (i.e., “Strongly disagree”, “Disagree”, “Neither
agree nor disagree”, “Agree” and “Strongly agree”) Likert scale were used for some of
the questions in the first and last section of the questionnaire as opposed to larger scales
(e.g., 7-point) which are suggested to be harder to understand and are often misinter-
preted [47]. Some responses were combined during the analysis, for example, “Agree”
and “Strongly agree” to indicate overall agreement. Open-ended questions were answered
by all participants regardless of whether they had experience using hypoxic training or
not. Responses from participants who had not experienced hypoxic training represent
their beliefs about hypoxic training rather than reflecting their practical experience. The
questionnaires were accessed via a link on a cover letter (Supplementary File S2) that
was emailed out to prospective participants through British Judo and the International
Judo Federation (IJF). To gain additional respondents, the questionnaire was also sent out
through International connections (i.e., Brazil, Japan, and Korea), advertised through social
media platforms (e.g., Instagram, LinkedIn, and X) (Supplementary File S3) and distributed
in person. Questionnaires that were completed in Portuguese, Korean and Japanese were
back-translated into English upon receipt by three native-speaking researchers to ensure

a consistent meaning of the content. The survey was assessed against the Checklist for
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Reporting Results of Internet E-Surveys (CHERRIES) [48] and Checklist for Reporting of
Survey Studies (CROSS) [49] (Supplementary Files 54 and S5, respectively).

2.4. Statistical Analyses

Questionnaire responses were exported to Microsoft Excel (Microsoft Excel, Version
16.0, Microsoft, 2016, Redmond, WA, USA) for data cleaning (e.g., removing data input
faults) and preparation. Closed-ended responses were analysed in SPSS (IBM SPSS Statis-
tics, Version 25.0, IBM Corporation, Armonk, NY, USA) using descriptive statistics, with
frequency distributions reported as percentages. Open-ended responses were analysed
in NVivo (NVivo, Version 14.0, Lumivero, Denver, CO, USA) using reflexive thematic
analysis following the six-phase approach outlined by Braun and Clarke (2006) [50]: data
familiarisation, code generation, theme development, theme review, theme definition,
and reporting.

3. Results
3.1. Participant Geolocation

Participants were recruited from multiple countries, predominantly from East Asia,
South America and Europe (Table 2).

Table 2. Geographical location of the participants.

Country Judo Athlete Performance Staff
Austria n=0 n=1
Brazil n=44 n=11
Estonia n= n=0
Great Britain n=16 n=12
Ireland n=0 n=1
Jamaica n=1 n=0
Japan n=>5 n=3
Netherlands n=0 n=1
Poland n=0 n=1
Puerto Rico n=2 n=0
Slovenia n=0 n=1
South Korea n =103 n=6
Spain n=1 n=0
Not specified n=0 n=2

3.2. Hypoxic Training Practices in Judo

Overall, the use of hypoxic training was low across the sample. As there was no overall
item indicating whether participants had previously experienced hypoxic training or not,
the following values are derived from specific items and do not represent a single overall
percentage of users. Among those reporting use, the primary purposes were to enhance
sea-level performance (13.7%) and support injury rehabilitation (13.2%), with less use for
preparing for competition at sea level (11.3%) or at altitude (8.5%) (Figure 1).

Natural altitude (7.1%) was the most commonly reported mode, followed by hypoxic
masks (5.2%) and normobaric chambers (4.7%), whereas hypoxic apartments (1.9%) and
altitude tents (0.9%) were rarely used (Figure 2). Training models, including live low—train
high (LLTH, 7.5%), live high—train high (LHTH, 5.7%), and live high—train low (LHTL,
4.7%), were reported at similarly low frequencies (Figure 3).

High-intensity modalities in hypoxia, including IHIT (9.4%), resistance training in
hypoxia (8%), and sprint interval training in hypoxia (8%), were more commonly reported
than continuous hypoxic training (5.2%) and repeated-sprint training in hypoxia (6.1%)
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(Figure 4). Among participants who engaged in hypoxic training, exposure was typically
limited to 1-2 phases per year (20.8%), lasting 1-2 weeks (10.4%), with 1-2 sessions per
week (13.7%), generally conducted at <1500 m (13.7%) for up to 1 h per session (8.5%)

(Table 3).
g Rehabilitation | S
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&
£ Sealvel Performance | S SR
'3
B
£ CompetitonatSea-evel - NS S
p=
2 Competisonat Alitude - [
0.0 100 200 300 400 500 600 700 800 900 100.0
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m Not used but would consider future use m Previously used but not anymore
Figure 1. Participant response rate for different uses of hypoxic training.
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Figure 2. Participant response rate for various modes of hypoxic training.
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Figure 3. Participant response rate for the primary models of hypoxic training. LLTH = live low-train
high, LHTL = live high-train low, LHTH = live high-train high.

SIH

£
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-
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Altitude training modality
o
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0.0 10.0 20.0 300 400 50.0 60.0 70.0 80.0 90.0 100.0

Participant responses (%)
m Currently used m Never used

m Not used but would consider future use m Previously used but not anymore

Figure 4. Participant response rate for a range of hypoxic training modalities. SIH = sprint interval
training in hypoxia, RSH = repeated-sprint training in hypoxia, RTH = resistance training in hypoxia,
IHIT = high-intensity interval training in hypoxia, CHT = continuous training in hypoxia.

Table 3. Hypoxic training parameters reported by judo athletes and performance staff.

Hypoxic Training Parameter Response Option Full Sample 1 (%) Applicable Sample 7 (%)
Hypoxic training phases per year Not applicable 141 (66.5%) —
1-2 44 (20.8%) 44 (62.0%)
34 12 (5.7%) 12 (16.9%)
5-6 7 (3.3%) 7 (9.9%)
>7 6 (2.8%) 6 (8.5%)
Not sure 1(0.5%) 1(1.4%)
Applicable total 71 (33.5%) 71 (100%)

https://doi.org/10.3390/sports14070277


https://doi.org/10.3390/sports14070277

Sports 2026, 14, 277

90f19

Table 3. Cont.

Hypoxic Training Parameter Response Option Full Sample 7 (%) Applicable Sample 7 (%)
Altitude height Not applicable 145 (68.4%) —
<1500 m 18 (8.5%) 18 (26.9%)
1501-2000 m 10 (4.7%) 10 (14.9%)
2001-2600 m 5(2.4%) 5(7.5%)
2601-3200 m 2 (0.9%) 2 (3.0%)
Not sure 32 (15.1%) 32 (47.8%)
Applicable total 67 (31.6%) 67 (100%)
Phase duration Not applicable 168 (79.2%) —
1-2 weeks 22 (10.4%) 22 (50.0%)
3—4 weeks 10 (4.7%) 10 (22.7%)
5-6 weeks 8 (3.8%) 8 (18.2%)
>7 weeks 4 (1.9%) 4(9.1%)
Applicable total 44 (20.8%) 44 (100%)
Sessions per week Not applicable 170 (80.2%) —
1-2 29 (13.7%) 29 (69.0%)
34 4 (1.9%) 4(9.5%)
5-6 2 (0.9%) 2 (4.8%)
>7 7 (3.3%) 7 (16.7%)
Applicable total 42 (19.8%) 42 (100%)
Session duration Not applicable 160 (75.5%) —
<1h 18 (8.5%) 18 (34.6%)
1h1min2h 15 (7.1%) 15 (28.8%)
2h1min-3h 13 (6.1%) 13 (25.0%)
3h1min4h 3 (1.4%) 3 (5.8%)
>4 h 1 (0.5%) 1(1.9%)
Applicable total 52 (24.5%) 52 (100%)

Note: the applicable sample varies by question depending on the number of participants responding to that

specific question.

3.3. Education and Understanding

Most participants reported no formal education on hypoxic training (79.2%). Among

those who had received education, the primary sources were sport coaches (19.3%), fol-
lowed by other athletes (9.9%), sport scientists (7.5%), physiotherapists (7.1%), and strength
and conditioning coaches (6.1%). Formal pathways such as university education (1%),
school education (0.5%) and self-directed study (0.5%) were reported less frequently.

The most common sources of information were informal, including other people
(22.2%), online searches (20.8%), and videos (19.8%). In contrast, more formal sources such
as books (11.8%), magazines (8%), and expert consultation (0.5%) were used less frequently
(Table 4).

Table 4. Participant response rate to different education providers and sources.

* Education Provider Responses

Sport scientists 16 (7.5%)

Sport coaches 41 (19.3%)

Strength and conditioning coaches 13 (6.1%)
Physiotherapists 15 (7.1%)
Athletes 21 (9.9%)

University education 2 (1%)

School education 1 (0.5%)
Self-studied 1 (0.5%)
Never used 3 (1.4%)
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Table 4. Cont.

* Education Source Responses
Journal articles 30 (14.2%)
Google 44 (20.8%)
Magazines 17 (8%)
Experts 1 (0.5%)
Other people 47 (22.2%)
Videos 42 (19.8%)
Books 25 (11.8%)
Not applicable 1 (0.5%)
None 1 (0.5%)

* Participants were able to select multiple responses for these questions.

3.4. Hypoxic Training Perceptions of Judo Athletes and Performance Staff

Participants generally perceived hypoxic training as demanding, with 50% agreeing it
is hard and only 16% reporting it as enjoyable. Some also perceived hypoxic training to
have psychological benefits, including improved focus (17%) and reduced exposure to life
stressors (14.6%).

Perceptions of performance benefits were mixed, with some participants agreeing that
hypoxic training may improve judo performance (38.7%), enhance fitness (30.2%), and
support preparation for competition at altitude (37.7%), with fewer endorsing its role in
injury rehabilitation (18.4%).

Descriptively, a greater proportion of performance staff than judo athletes reported
positive perceptions of hypoxic training for judo performance (51.3% vs. 35.8%), fitness
enhancement (43.6% vs. 27.2%), altitude competition preparation (56.4% vs. 33.5%) and
improved focus (38.5% vs. 14.5%). Perceptions of its role in injury rehabilitation and
reducing home-life stressors were similar across groups (Table 5).

Table 5. Participant perceptions on the various uses of hypoxic training in judo.

Hypoxic Training Perception Neither Agree nor

Statement Strongly Agree Agree Disagree Disagree Strongly Disagree
. . J:17 . o, J:91 . o . 0
Training at altitude helps me (9.83%) J: 41 (23.7%) (52.6%) J:9 (5.2%) J: 7 (4.05%)
11 1 . . 0, . . 0, . 0y
prepare for competition at altitude PS: 5 (12.82%) PS: 17 (43.59%) PS: 15 (38.46%) PS: 0 (0%) PS: 1 (2.56%)
Altitude training has helped me (215950/ ) J: 30 (17.34%) J: 105 (60.69%) J: 16 (9.25%) J Slﬁ‘é;602%)
recover from injuries PS: 1 (2.56%) PS: 6 (15.38%) PS: 26 (66.67%) PS: 5 (12.82%) (0%)
I feel physically fitter after an (3{:467) J: 41 (23.7%) J: 99 (57.23%) J: 10 (5.78%) J: 8 (4.62%)
altitude training phase Y o PS: 14 (35.9% PS: 20 (51.28%) PS: 0 (0% PS: 1 (2.56%)
gp PS: 3 (7.69%)
Alti S . . o . o . o . o J: 6 (3.47%)
titude training improves my judo J: 17 (9.83%) J: 45 (26.01%) J: 86 (49.71%) J:9 (5.2%) PS: 0
erformance PS: 3 (7.69%) PS: 17 (43.59%) PS: 18 (46.15%) PS: 0 (0%) >
P (0%)
Training at altitude helps me avoid (2];3950/ ) J: 20 (11.56%) J: 105 (60.69%) J: 26 (15.03%) J: 10 (5.78%)
home-life stressors PS: 1'(2 5:)6“/) PS: 5 (12.82%) PS: 24 (61.54%) PS: 5 (12.82%) PS: 3 (7.69%)
Training at altitude helps me focus (2]8:‘;/) J: 20 (11.56%) J: 107 (61.85%) J: 21 (12.14%) J: 13 (7.51%)
on my training PS: 1.(2.506%) PS: 14 (35.9%) PS: 20 (51.28%) PS: 1 (2.56%) PS: 2 (5.13%)
J:4
. L. . (2.31%) J: 21 (12.14%) J: 98 (56.65%) J: 27 (15.61%) J: 16 (9.25%)
Ienjoy training at altitude PS: 0 PS: 9 (23.08%) PS: 24 (61.54%) PS: 4 (10.26%) PS: 1 (2.56%)
(0%)
Training sessions at altitude J: 22 (12.72%) J: 67 (38.73%) T: 63 (36.42%) T: 6 (3.47%) J: 8 (4.62%)
feel harder PS: 1 (2.56%) PS: 16 (41.03% PS: 17 (43.59%) PS: 3 (7.69%) PS: 1 (2.56%)

Note: Judo athletes” and performance staff responses are reported descriptively only; no inferential statistics
were conducted. Overall agreement was calculated by combining ‘agree” and ‘strongly agree’ responses. | = judo
athlete, PS = performance staff.
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3.5. Views on Benefits and Drawbacks of Hypoxic Training for Judo

Thematic analysis identified two higher-order themes: Hypoxic Training Benefits and
Hypoxic Training Drawbacks, comprising 11 sub-themes and 22 codes (Supplementary
File S6).

3.6. Hypoxic Training Benefits

Five sub-themes were identified: fitness and physiological enhancement, improved
health and recovery, enhanced sport performance, psychological benefits, and others. The
key themes are presented below.

3.7. Fitness and Physiological Enhancement

Participants frequently perceived hypoxic training as beneficial for improved fitness
and physiological adaptation. Perceived benefits included enhanced endurance, increased
red blood cell production, and time-efficient training adaptations, reflected in responses
such as:

‘Same improvements of fitness can be achieved by less training time’

‘Higher levels of fitness, better endurance, shorter period of time to build fitness’

‘Increase in red blood cells’

3.8. Enhanced Sport Performance

Hypoxic training was also perceived to support judo performance, often through
improvements in cardiovascular fitness:

‘Improve my performance in judo’

‘I think altitude training in general would improve my cardiovascular fitness and
therefore my judo performance’

3.9. Psychological Benefits

Participants perceived hypoxic training to have some psychological benefits, including
increased mental resilience and confidence:

‘Mental resilience’

‘Improved mental strength’

‘Increased levels of fitness drives belief’

3.10. Hypoxic Training Drawbacks

Six sub-themes were identified: adverse physiological changes, negative health effects,
training impairment, psychological and cognitive effects, lifestyle barriers, and others. The
key themes are presented below.

3.11. Lifestyle Barriers

Practical constraints were commonly reported as negative perceptions, particularly
cost and access:

‘Facilities not always accessible for all athletes’

‘It would be very costly and unfeasible’

3.12. Training Impairment

Participants perceived hypoxic training as challenging when attempting to integrate
hypoxic training within existing schedules, with concerns about disruption to judo and
strength and conditioning training:

‘Restricted judo training can be carried out’

‘Difficult to fit into a busy training calendar to get a training block’
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‘It is hard, and the timing and periodization needs to be carefully selected for optimal
performance gains. Getting this wrong can be really detrimental’

3.13. Negative Health Effects

Potential adverse health effects were also perceived by participants, particularly during
initial exposure:

‘Altitude sickness’

‘Adverse side effects, muscle loss and weight loss during the initial adaptation period’

‘Possible adverse reactions such as vertigo, vomiting and asthenia’

4. Discussion

The primary aim of this study was to examine hypoxic training practices, percep-
tions, and educational pathways among judo athletes and performance staff. The key
findings were that: (1) hypoxic training is not widely used in judo; (2) when used, it is
primarily aimed at enhancing sea-level performance and supporting injury rehabilitation;
(3) perceptions of hypoxic training were mixed with some athletes and performance staff
perceiving hypoxic training as potentially beneficial for fitness and judo performance;
(4) most participants reported limited formal education on hypoxic training.

These findings align with the contemporary use of hypoxic training to enhance sea-
level performance [5-7] and support injury rehabilitation [51]. In contrast, its traditional
role in preparing athletes for competition at altitude [2-4] was less frequently reported
(8.5%), likely reflecting the predominantly low-altitude context of judo competitions.

The preference for improving sea-level performance may also explain the relatively
greater use of LLTH reported amongst respondents in the questionnaire, which has gained
popularity in the literature for its potential to enhance performance and facilitate rehabili-
tation within shorter exposure periods [19,20,51]. Whilst evidence for hypoxic training in
return-to-play and injury rehabilitation is limited [52], a notable proportion of respondents
in the current study reported that they currently (13.2%) or will potentially use hypoxic
training for injury recovery in the future (20.3%). Narrative evidence suggests that hypoxic
training may allow for a reduced external load whilst maintaining physiological stimulus,
with potential benefits for recovery [51].

Preliminary support for this concept comes from case-based research in judoka, where
combined resistance and running training in normobaric hypoxia were associated with
improvements in asymmetry, aerobic capacity, and hormonal responses [53]. However,
such findings are based on single-case designs without control conditions and should
be interpreted with caution. Furthermore, due to the explorative nature of the current
study, only views and perceptions on the use of hypoxic training were assessed. There-
fore, experimental research is required to establish the efficacy of hypoxic training in
rehabilitation settings.

Despite the limited number of studies in judoka, which have largely been conducted
at natural altitude [25-28], research in other combat sports has more commonly utilised
simulated altitude approaches such as LLTH [54-58]. Many judo studies have been em-
bedded within altitude training camps, whereas simulated approaches may better reflect
typical training environments where access to natural altitude is constrained by geography,
cost, and travel demands [20].

These practical constraints are consistent with participants’ responses in the present
study, in which cost, access, and location were identified as key barriers perceived by
respondents. However, natural altitude remained the most frequently reported mode
(7.1%), which may reflect the geographical distribution of respondents and variable access
to high-altitude environments.

https:/ /doi.org/10.3390/sports14070277


https://doi.org/10.3390/sports14070277

Sports 2026, 14, 277

13 of 19

High-intensity hypoxic training modalities (IHIT, RTH, SIH) were reported more
frequently (8-9.4%) than lower-intensity approaches such as continuous hypoxic training
(CHT; 5.2%). This broadly aligns with the existing literature, which suggests that high-
intensity hypoxic methods, particularly maximal efforts, may offer greater performance
benefits than submaximal approaches, for which the findings remain equivocal [20].

However, reported use of repeated-sprint training in hypoxia (RSH) was relatively un-
derutilised (6.1%) compared with IHIT (9.4%), despite evidence supporting its effectiveness
for improving high-intensity exercise performance [21,59]. This discrepancy may reflect
practical constraints, familiarity, or differences in implementation rather than efficacy alone.

Emerging evidence in judo athletes suggests that RSH, including protocols using VHL,
may improve repeated-sprint ability, potentially through enhanced muscle perfusion and
maintenance of high-intensity fibre recruitment [21]. Nevertheless, the current evidence
base remains limited, and further research is required to establish the effectiveness of RSH
in combat sports.

Resistance training in hypoxia (RTH) was also reported by a proportion of participants
(8%), which is consistent with the strong neuromuscular demands of judo [60]. Previous
research in judoka has also explored RTH [25,27], reflecting its relevance for strength
and power development. However, evidence comparing RTH with equivalent training in
normoxia remains equivocal, likely due to variation in training protocols [61].

Local hypoxic methods, such as blood flow restriction (BFR) training, have shown
potential to improve strength, hypertrophy, and endurance at lower loads [62-64], although
the findings are not definitive. These approaches may be particularly relevant in load-
compromised contexts, such as rehabilitation or periods of high training demand [65].
However, research examining their application in judo remains limited.

Reported hypoxic training exposure was relatively limited in the current study, with
participants typically completing 1-2 phases per year (20.8%) lasting 1-2 weeks (10.4%),
involving 1-2 sessions per week (13.7%) of approximately 1 h (8.5%) at <1500 m (8.5%).
These patterns differ from those reported in endurance athletes, who more commonly
undertake longer and more frequent hypoxic exposures at higher elevations [46]. In par-
ticular, the severity of altitude (i.e., elevation) is on the lower side of what would be
considered training at altitude [66]. Generally, higher elevations are required in order to
elicit robust physiological responses. Research in endurance athletes suggests altitudes of
~1800-2500 m are required for a prolonged period of time (>12 h-day~!) to see worthwhile
changes to haemoglobin mass (a key indicator of improved oxygen transport) [18,19]. In
addition, the duration of exposure reported by participants in the current study reflects the
greater application of the LLTH model, given the fact that greater durations of exposure
are required to see improvements in oxygen-carrying capacity with the traditional models
as discussed. With that being said, the elevation reported would still likely be insufficient
for seeing substantial non-haematological changes. LLTH research typically adheres to
protocols exposing athletes to moderate-extreme altitudes (~2500-5500 m) [20]. Therefore,
the use of proper education around the topic of hypoxic training may be a viable strategy
for athletes considering implementing this type of training into their programme.

The discrepancy between hypoxic training practices in endurance sports and combat
sports likely reflects differences in sport demands and training priorities. Hypoxic training
is well established in endurance sports, where physiological adaptations such as increased
capillarisation and myoglobin content are key determinants of performance [23,67]. In
contrast, evidence supporting its application in combat sports remains limited. Accordingly,
further research is needed to evaluate the effectiveness and practical relevance of hypoxic
training in judo and similar disciplines.
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From an educational perspective, most participants (79.2%) reported no formal educa-
tion on hypoxic training. This may help explain the low levels of reported use, alongside
qualitative responses indicating a desire for more sport-specific guidance (e.g., ’keen on
info specific to judo’). While there appears to be interest in hypoxic training, its application
may be limited by uncertainty around its relevance and implementation in judo.

Education was primarily sourced informally, with coaches (19.3%), other individuals
(22.2%), online searches (20.8%), and videos (19.8%) reported more frequently than formal
sources such as sport scientists, academic materials, or structured courses. This suggests
that knowledge in this area is largely socially transmitted and practice-led rather than
formally structured.

Rather than reflecting a deficit in practice, this pattern may indicate the absence of
judo-specific frameworks to guide the application of hypoxic training. In this context,
practitioners appear to rely on a combination of experiential knowledge and available evi-
dence. Future work should aim to develop sport-specific guidance that integrates scientific
evidence with practical expertise to support informed decision-making in applied settings.

Overall, participants reported mixed perceptions of hypoxic training; some respon-
dents perceived hypoxic training as effective for improving judo performance (38.7%),
enhancing fitness (30.2%), and preparing for competition at altitude (37.7%), with fewer en-
dorsing its role in injury rehabilitation (18.4%). Descriptively, performance staff expressed
more favourable views than judo athletes across performance, fitness, and preparation
outcomes. These differences may reflect variation in experience, education, or exposure to
hypoxic training practices.

These perceptions were consistent with the qualitative findings, where participants
perceived hypoxic training as a time-efficient strategy to improve fitness (e.g., “same
improvements in fitness can be achieved with less training time”) and physiological adapta-
tions (e.g., “increase in red blood cells”). At the same time, practical constraints—including
cost, access, scheduling challenges, and potential health risks (e.g., “altitude sickness”)—
were commonly reported perceptions. Similar barriers have been identified in endurance
athletes and support staff [46]. Importantly, these findings reflect belief systems and expe-
riential knowledge rather than evidence of effectiveness. In the absence of sport-specific
research, such perceptions are likely to influence decision-making around the use and
implementation of hypoxic training in judo.

This is the first study to examine hypoxic training practices, perceptions, and educa-
tional pathways in judo. The findings highlight clear differences between current practices
in judo and recommendations largely derived from endurance and team sports, likely
reflecting the distinct demands and constraints of combat sport. These results provide a
foundation for future research. One potential direction is the development of a concep-
tual framework to guide the application of hypoxic training in combat sports, similar to
approaches adopted in swimming and team sports [68,69]. Such work may help identify
relevant performance determinants and support the development of more ecologically
valid, sport-specific guidelines. Given the descriptive nature of the current study, these
findings only provide preliminary insights and are based on participants’ perceptions rather
than objective evidence supporting the use of hypoxic training for improving performance
and injury rehabilitation in judo athletes. Therefore, future studies employing rigorous
experimental research designs are required to evaluate the efficacy of hypoxic training
for judo.

5. Strengths and Limitations

A strength of this study is the inclusion of both athletes (n = 173) and performance staff
(n =39), many operating at national and international levels, providing insight into applied
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practice in high-performance settings. These findings provide a useful insight into current
hypoxic training practices among respondents, especially national and international-level
participants, but should not be treated as fully representative of all judo athletes and
performance staff. Finally, despite no formal psychometric validation, the questionnaire
design was informed by previous research and refined through pilot testing, supporting
clarity, readability, and contextual relevance of the questionnaire.

However, several limitations should be acknowledged. First, due to the voluntary na-
ture of participating in this questionnaire, self-selection bias may have occurred as athletes
and performance staff who are more interested in altitude or who have actually participated
at altitude previously may have been more likely to respond to the questionnaire, thus
becoming less representative of the target population. The reliance on self-reported items
throughout the questionnaire may also result in recall bias as participants are self-reporting
what they can remember about potential hypoxic practices they have participated in, for
example, recalling the level of altitude they have previously trained at. Due to the con-
venience sampling strategy employed in this study and the international connections the
authors have, there was a clear imbalance between the country response rate, with most
responses coming from East Asia, South America and Europe, with a lack of responses from
other countries. Although several translated versions were used to increase accessibility,
not all versions underwent full forward-back translation or cross-cultural validation, so
some variation in interpretation of altitude-related terminology may have occurred. Despite
the study being adapted from previous research, checked independently by experts in the
field and going through pilot testing, formal validation of the scale was not completed. Al-
though key terminology was explained at the start of the questionnaire to mitigate the risk
of confusion, it is possible that participants may have interpreted different altitude-related
terms differently, resulting in variability between respondents. The study focused solely
on judo, limiting generalisability to other combat sports. Additionally, the convenience
sampling strategy used to recruit participants for the questionnaire may not have been
considered representative of the overall judo population, as there was a clear discrepancy
between male and female respondents (148 vs. 64, respectively) and between respondent
level (204 international/national vs. 8 regional/club). Furthermore, the questionnaire
did not capture local (e.g., blood flow restriction training) or passive (i.e., resting hypoxic
exposure) hypoxic methods, which may also be relevant in practice. Future research should
consider broader combat sport populations and a wider range of hypoxic modalities to
provide a more comprehensive understanding of their application. Finally, the current
study reported data using descriptive statistics exclusively; thus, no inferential statistics
were used to make comparisons between athlete and performance staff responses. Future
research should consider implementing inferential statistics to allow for a deeper analysis
of the differences between athlete and performance staff responses.

6. Summary and Conclusions

Findings indicate that hypoxic training is not widely used in judo, and though per-
ceptions of hypoxic training efficacy were mixed amongst judo athletes and performance
staff, some respondents perceived hypoxic training as potentially beneficial for fitness and
performance. However, these perceptions should not be interpreted as evidence of effec-
tiveness. These findings are to be expected given the physical and physiological differences
between judo and other endurance sports, such as running, which have a greater breadth of
literature supporting its use in addition to traditionally being ingrained within the culture.
When implemented, it is primarily aimed at enhancing sea-level performance rather than
competition at altitude, likely reflecting the environments in which judo competitions
typically take place. Formal education on hypoxic training appears limited, which may
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influence its application in practice. Findings from this study may help identify areas where
sport-specific guidance and future experimental research are needed. However, given the
explorative nature of this questionnaire and the lack of experimental research in judo,
sport-specific recommendations are still required. Therefore, future research should con-
sider using findings from this study as a catalyst for more investigative intervention-based
research with the goal of developing a conceptual framework for judo-specific hypoxic
training recommendations.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/sports14070277/s1, File S1: Shows the questionnaire for the judo
athletes (the questionnaire for the performance staff is exactly the same minus one question); File S52:
Shows the cover letter that was sent to participants; File S3: Shows the poster that was advertised on
social media for additional responses; File S4: Shows a Checklist for Reporting Results of Internet
E-Surveys (CHERRIES); File S5: Shows a Checklist for Reporting of Survey Studies (CROSS); File Sé6:
Shows a mind map from the thematic analysis of the responses to the open-ended questions.
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