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Living low-training high: Innovative applications and new perspectives on

hypoxic interventions for athletes

Introduction

The effects of varying degrees of hypoxia on exercise
performance have been investigated for many decades
(Roskamm et al,, 1969). In the late twentieth century,
living at sea-level but training under hypoxia (which at
the time was being referred to as intermittent hypoxic
training: IHT) received relatively modest attention in
scientific literature. Despite increased attention in the
twenty-first century (which by then had been termed
live low, train high: LLTH), a review in 2012 concluded
that “LLTH does not increase exercise performance at sea
level in endurance athletes any more than simply training
at sea level” (Lundby et al, 2012). A breakthrough
occurred in 2013, when Faiss, Léger, et al. (2013)
reported improved repeated-sprint performance at sea-
level with associated peripheral adaptations following
repeated-sprint training in hypoxia (RSH). A review pub-
lished by the same group that year summarised that,
due to “strikingly poor benefits for sea-level performance”
following IHT, it was time to turn scientific inquiry
towards higher-intensity hypoxic training strategies
which are based on “different fundamental mechanisms”
(Faiss, Girard, et al., 2013). A meta-analysis published
only 4 years later vindicated this proposal, demonstrat-
ing that RSH induces greater improvement for sea-level
repeated sprints than matched training in normoxia
(Brocherie et al,, 2017).

This differentiation of LLTH modes with distinct
mechanisms and resultant performance outcomes has
led to a proliferation of research in this area. The first
attempts to outline the scope of the LLTH research area
identified passive, continuous, interval and repeated-
sprint modes (Millet et al.,, 2013). By 2020, nine distinct
LLTH modes had emerged in the literature, including
seven systemic hypoxic training strategies and two loca-
lised hypoxic strategies involving blood flow restriction
(BFR) (Girard et al., 2020). Meanwhile, BFR was also
a rapidly developing area of athletic performance
research, and soon after, nine distinct BFR modes were
identified in a review of the area (Scott et al., 2023).
While that review identified only two established and
efficacious methods of BFR training in the literature (low-
load resistance exercise and low-intensity aerobic exer-
cise), many of the same mechanisms responsible for
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higher-intensity training adaptations with systemic
hypoxia have theoretical potential via localised hypoxia
(Mckee et al., 2023).

This special issue

With the increasing use of hypoxic interventions for
high-performance athletes across a range of sports, this
special issue presents a cutting-edge collection of scien-
tific articles on the topic. Contributions were received on
various applications of hypoxic methods to improve
physiological qualities or performance outcomes, as
well as to optimise the rehabilitation or management
of load-compromised athletes. The new developments
and perspectives in this fast-evolving field arising from
this special issue are summarised in the following
sections.

Resistance training under systemic or localised
hypoxia

A meta-analysis by Benavente and Feriche (2024)
showed a significant, yet trivial, benefit for strength
development favouring resistance training in systemic
hypoxia versus normoxia. Sub-group analyses also indi-
cated that differences in exercise programming variables
may impact on the benefits of resistance training in
hypoxia (e.g., training to failure vs not, number of weekly
sets per muscle group), though these effects were again
trivial to small. While the effects of systemic hypoxia
during resistance training seem small, the benefits of
low-load resistance exercise with BFR on increased mus-
cle strength and size have been consistently reported
since the late 1990s (Shinohara et al., 1997; Takarada
et al., 2000). In this special issue, Loenneke et al. (2025)
provides an update of what we know, and what is not
yet known, after 25 years of BFR research. While this field
has expanded beyond low-load resistance training to
other exercise and passive applications (Scott et al.,
2023), numerous mechanistic and practical questions
remain. Clarkson et al. (2025) surveyed BFR use in high-
performance sport, with 98% of practitioners combining
BR with resistance training, primarily for injury rehabili-
tation (81%), programmes targeting hypertrophy (80%),
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or to limit muscle mass loss (72%). A novel application of
BFR presented by Smith et al. (2025) examined low-load
BFR resistance training (25-30% 1RM, 60% arterial occlu-
sion pressure: AOP) during a taper phase in basketball
athletes. Compared to a traditional high-load resistance
training taper (80% 1RM), BFR improved 5-m sprint, back
squat, and bench press performance. Interestingly, the
beneficial effects of BFR do not seem to translate to
high-load resistance training. Bergamasco et al. (2024)
demonstrated that despite greater metabolic stress
(determined by near-infrared spectroscopy), muscle
hypertrophy was not enhanced by combining BFR
(60% AOP) with high-load resistance training (20 ses-
sions, 3-4 sets of 10 repetitions with 80% 1RM).
Differences in adaptations to low-load BFR training ver-
sus high-load training may also be impacted by differ-
ences in acute muscle oxygenation characteristics
(Simpson, Moore, et al., 2025), though larger studies
with greater statistical power are required to confirm
these preliminary results.

Repeated sprint training under systemic or localised
hypoxia

Faiss et al. (2024) presented an overview for the field of
RSH, concluding that this is an ‘efficient (but not magic)
training intervention’ to delay fatigue. They report that
>75% of controlled studies observed benefits from add-
ing hypoxia to repeated-sprint training, especially for
team-, combat-, and racket-sports and when used with
high exercise-to-rest ratios at moderate altitude (~3000
m). Solsona et al. (2024) examined research utilising both
systemic and localised (i.e., BFR) hypoxia during
repeated-sprint training, concluding that these strate-
gies may both be useful for sports with a high glycolytic
demand as they can improve repeated-sprint ability
within short periods. However, practitioners should be
aware that more research is needed to understand the
physiological consequences of using a hypoxic stimulus
during maximal exercise, and how these responses man-
ifest in adaptations (Solsona et al., 2024). For example,
Simpson, Walter, et al. (2025) reported that repeated-
sprints in hypoxia (10 x 6-s cycle sprints; fraction of
inspired oxygen [F,0,] adjusted to target peripheral oxy-
gen saturation of ~80%) temporarily increased central
sympathetic nervous system activity, along with
increased type Il and reduced type | muscle fibre recruit-
ment. Finally, McKee et al. (2025) reported that nine
sessions of repeated-sprint training for team sport ath-
letes caused comparable improvements to power out-
put at first and second ventilatory thresholds,
irrespective of whether training was performed with or
without BFR. However, external training load (total work

done) was reduced with BFR training, suggesting the
utility of BFR to allow adaptations in athletes who may
require reduced external demands such as during late-
stage rehabilitation.

Systemic or localised hypoxia as rehabilitation tools

Chambion-Diaz et al. (2025) showed that implementing
hypoxia (FiO, =0.14) during high-intensity interval run-
ning at 80% of bodyweight (AlterG® antigravity tread-
mill) allowed for similar physiological stress to sea-level
running at 100% bodyweight. Echoing McKee et al.
(2025), this reduction in external demands whilst main-
taining a physiological stimulus for adaptation seems
promising in rehabilitation contexts for athletes. This
area was expanded on by Narang et al. (2024) in this
special issue, who synthesised potential applications of
hypoxia to augment injury rehabilitation for athletes in
a narrative review. They present a mechanistic basis for
how hypoxia may assist in healing processes, as well as
augment adaptations to reduced-load exercise during
rehabilitation. Focusing on localised hypoxia, the sys-
tematic review by Bommasamudram, Morrell, et al.
(2025) emphasised the benefits of aerobic BFR training
to increase muscle strength, hypertrophy, aerobic capa-
city, and physical function, concluding that bodyweight
BFR training may “support rehabilitation or periods where
equipment access is limited to improve endurance,
strength and hypertrophy”. With follow-up experimental
work, the same research group then demonstrated that
the acute cardiovascular and metabolic responses to
walking and bodyweight lunges increase with BFR
(60% AOQOP) yet still remain within the light-to-moderate
intensity range (Bommasamudram, Nayak, et al., 2025).
These findings have potential applications for athletes
recovering from musculoskeletal injury, though it is also
important to note that BFR exaggerates the rating of
perceived exertion responses (Bommasamudram,
Nayak, et al., 2025), which should be considered in exer-
cise programming.

Methodological considerations for training with
systemic or localised hypoxia

This special issue highlights that the approach to imple-
menting BFR should be carefully considered along with
traditional exercise programming variables. Kamis et al.
(2024) demonstrated that occlusion pressures were
higher when measured in a seated position compared
to a supine position. Furthermore, when participants
performed low-load knee extensions (4 sets at 30%
1RM at 60% AOP), fewer repetitions and higher percep-
tual responses were observed in a session using the



seated, compared to supine, AOP measurement. Rolnick
et al. (2024) also demonstrated while elbow flexion exer-
cise to failure caused negligible arterial stiffness or blood
pressure changes, applying BFR with autoregulation (i.e.,
cuff automatically adjusts pressure to provide
a consistent restrictive stimulus throughout exercise)
versus without autoregulation caused small increases
in perceived discomfort. Finally, Burtscher et al. (2025)
provided perspectives on using perception of effort to
augment responses to LLTH interventions. They propose
a psychophysiological framework in which changes in
a participants’ perception of effort could reflect neuro-
physiological and psychological adjustments to hypoxia,
in addition to the well-established physiological adapta-
tions to LLTH.

Key messages and future directions

This special issue has produced several important
advances in understanding of systemic and localised
LLTH methods. It is clear that acute exercise variables
(Benavente & Feriche, 2024; Bergamasco et al., 2024) and
manipulations of the hypoxic stimulus (Kamis et al,,
2024; Rolnick et al., 2024) must be carefully considered
in planning any LLTH intervention. There also now
seems to be potential benefits for BFR during repeated-
sprint training (McKee et al., 2025; Solsona et al.,, 2024),
which complements the growing RSH literature (Faiss
et al,, 2024; Simpson, Walter, et al., 2025). Applications
of LLTH for athletes who require reduced loads during
a taper (Smith et al., 2025), or who are rehabilitating
musculoskeletal injuries (Clarkson et al., 2025, Narang
et al., 2024) are becoming more sophisticated, with
data supporting both systemic (Chambion-Diaz et al.,
2025) and localised (Bommasamudram, Morrell, et al.,
2025) hypoxic interventions.

As this field continues to develop, it seems pertinent
that under-investigated LLTH methods be examined,
including high-intensity training modes with BFR,
hypoxic interventions in rehabilitation settings, and
mechanistic research to further resolve the physiological
underpinnings of effective hypoxic training.
Additionally, the standardisation of nomenclature for
different LLTH modes has helped reduce noise in the
literature by clearly delineating these LLTH modes from
one another, ensuring that researchers can easily dis-
cover new advances in the field (Girard et al., 2020).
However, for some recently developed BFR training stra-
tegies (e.g., sport-specific and repeated-sprint training
with BFR), there is not yet organically adopted consistent
nomenclature. The adoption of subscripted modes after
the BFR acronym is one solution that should be
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considered (e.g., repeated-sprint training with blood
flow restriction: BFRgsT).
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