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ABSTRACT

Hybrid fithess competitions such as
HYROX have rapidly gained popular-
ity, blending aerobic endurance run-
ning with a variety of high-intensity
resistance- and ergometer-based sta-
tions in a globally standardized format.
The sport’s unique structure, com-
prising eight 1-kilometer runs inter-
spersed with diverse workload
stations, presents distinct physiologic,
biomechanical, and technical de-
mands. This review synthesizes exist-
ing research on hybrid fitness events to
identify the key determinants of HY-
ROX performance, emphasizing aero-
bic capacity, anaerobic power, local
muscular endurance, and maximal
strength. The aerobic system is foun-
dational, enabling recovery between
high-intensity efforts and sustaining
performance during the event's pro-
longed duration. Conversely, anaero-
bic capacity is critical for executing the
high-intensity efforts demanded by
each fitness station. Local muscular
endurance supports repeated sub-
maximal contractions, while strength
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and power underpin performance in
movements such as sled pushes and
running economy. Technical profi-
ciency and injury prevention strategies
are also discussed, alongside targeted
programming recommendations,
including high-intensity interval train-
ing, circuit training, and blood flow
restriction methods. Despite its grow-
ing popularity, limited sport-specific
research exists, necessitating further
investigation to refine training and
performance strategies. This review
provides a comprehensive framework
for athletes and coaches to optimize
preparation and performance in HY-
ROX, contributing to the broader
understanding of hybrid fitness com-
petitions.

INTRODUCTION

“Hybrid fitness” is a novel term that
describes the integration of aerobic
endurance-based exercise with
resistance-based exercise within a work-
out or training program and, thus, re-
quires the development of a broad
range of physical attributes. Hybrid fit-
ness competitions blend elements from
various training modalities (high-inten-
sity interval training, strength training,

running, etc.) into a race-style format,
where athletes must complete the event
as quickly as possible. Such competitions
have gained immense popularity in
recent years, with HYROX emerging
as one of the most prominent events in
this category. Unlike other fitness com-
petitions, HYROX offers a globally con-
sistent race format, comprising eight 1-
kilometer runs interspersed with various
short duration (~2-5 minutes), high-
intensity stations such as sled pushes,
rowing, and wall balls that challenge dif-
ferent strength qualities (ie. strength-
endurance, explosive strength). This
combination of strength and aerobic
endurance presents unique physiologic
demands and makes HYROX a distinc-
tive test of overall fitness, appealing to
recreational  athletes and elite
competitors.

Understanding the demands of a sport is
critical for optimizing athlete prepara-
tion and performance, a process often
facilitated through a needs analysis
(28). A needs analysis identifies the phys-

iologic, biomechanical, and technical
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requirements of a sport, guiding the
development of training programs that
target key performance indicators (24).
Typically, this process is achieved by
synthesizing literature on the activity in
question. Although needs analyses have
been extensively conducted for team
sports (52) and individual aerobic endur-
ance events (6), there is a lack of com-
prehensive data specifically addressing
the unique demands of HYROX. This
gap in knowledge poses challenges for
athletes and coaches aiming to design
evidence-based training interventions.
However, given the absence of sport-
specific research on HYROX; it is nec-
essary to adopt a physiologic plausibility
approach—drawing on established prin-
ciples of exercise physiology and findings
from related disciplines. This review syn-
thesizes data from endurance and hybrid
fitness competitions to infer performance
determinants and training implications
for HYROX. Although this approach
provides meaningful insights, it is impor-
tant to recognize the limitations of
extrapolating from related disciplines,
because variations in movement pat-
terns, energy system contributions, and
competition structure may influence spe-
cific physiologic demands. Future studies
should aim to validate these assumptions
by conducting direct analyses of HY-
ROX athletes in controlled settings, par-
ticularly regarding training responses,
injury risk, and physiologic adaptations
over time.

Until research is conducted specifically
on HYROX athletes, this review aims
to bridge the gap by synthesizing exist-
ing literature on hybrid fitness compet-
itions and related disciplines. Many of
these events involve similar activities
and share comparable strength and aer-
obic endurance demands. Data from
hybrid fitness competitions and obstacle
course races may provide valuable in-
sights for practitioners until more
HYROX-specific research becomes
available. In addition, by drawing from
studies on both anaerobic- and aerobic-
dominant endurance sports, as well as
performance data from actual HYROX
events, this review aims to provide
a detailed understanding of what it takes

to excel in this rapidly growing compe-
tition. The primary objectives are to (i)
analyze the physiologic, biomechanical,
and technical demands of HYROX, (ii)
provide evidence-based and practical in-
sights for optimizing training and perfor-
mance, and finally, (i) identify areas
requiring further research. Ultimately,
the findings presented here will serve
as a foundation for advancing both prac-
tical applications and future research in
this exciting and evolving sport.

AN OVERVIEW OF THE SPORT

A HYROX event consists of 8 fitness
stations, each interspersed with 1-
kilometer intervals, for a total of 8 kilo-
meters of running. Participants are
required to complete the stations and
run in a fixed order, with the entire
event performed against the clock.
This format demands proficiency in
both aerobic endurance running and
various strength- and anaerobic-
dominant activities. Unlike other fit-
ness competitions that include varied
events, HYROX events follow a spe-
cific, repeatable structure, allowing for
measurable progression and compari-
$ON across races.

Four distinct categories determine the
weights, distances, and repetitions
required during the race: Open, Pro,
Doubles, and Relay. These categories
are further divided into male, female,
and mixed divisions, each with specific
requirements for weights, distances,
and repetitions. The Open and Pro
categories are individual competitions,
with a single athlete completing all
prescribed activities. In contrast, the
Doubles and Relay categories allow
participants to distribute the event
activities among 2 and 4 athletes,
respectively. A detailed description of
the 8 physical stations, the running
component, and the required resistan-
ces, durations, and repetitions for each
category are presented in Table 1.

ENERGY SYSTEM REQUIREMENTS

AEROBIC CAPACITY

Maximal oxygen uptake (VO,max)
serves as a key determinant of perfor-
mance in hybrid fitness competitions,
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given the often heavy emphasis on aer-
obic endurance-focused activities such
as running and ergometer-based sta-
tions (19,51). Accordingly, individuals
with a higher Vo,max completed
a hybrid fitness workout—including
400 m running intervals and overhead
squats—significantly faster, with Vo,m-
ax accounting for 68% of the variation
in completion times (19). Although no
direct studies have quantified the
Vo,max of HYROX athletes specifi-
cally, evidence from elite-level athletes
who compete in similar hybrid fitness
competitions indicates values of 62.7 *
3.4 mL/kg/min for male athletes and
55.7 * 42 mL/kg/min for female ath-
letes (55). These values align with
those reported for high-level aerobic
endurance athletes (33,44), highlight-
ing the critical role of a well-
developed aerobic system in this sport.
However, the Vo,max values reported
above fall below those typically
observed in athletes participating in
prolonged aerobic endurance disci-
plines, such as cross-country skiing or
long-distance running (>70 mL/kg/
min) (44), suggesting a greater contri-
bution of alternative physical attributes.
Notably, even in sports with a substan-
tial anaerobic component, such as row-
ing, a high aerobic capacity is
considered a fundamental prerequisite
(33). This underscores the importance
of adequate maximal oxygen uptake in
hybrid fitness events such as HYROX.
Estimated energy system contributions
during HYROX events and other com-
parable sports are outlined in Table 2.

In addition, heart rate (HR) data col-
lected during longer duration (>40 mi-
nutes) hybrid fitness competitions
indicate average values of 70-90% of
maximum HR (HRmax) (8), further
underscoring the sustained cardiovas-
cular demand of these types of events.
Figure 1 displays the heart rate trace
from an elite male HYROX athlete
during competition, aligning with the
empirical  evidence from related
disciplines.

Official data reported on the HYROX
website indicates that the total event
duration is 55:01 £ 00:57 for the top



Table 1

An overview of the activities involved in a HYROX race and the distances, repetitions, and resistances associated with
each event category

Activity

Run intervals

Ski ergometer

Sled push

Sled pull

Burpee broad

Description

8 X 1 km efforts that are completed before each of the
8 stations

1,000 m effort on the ski ergometer

A weighted sled must be pushed up and back a 25 m
course

A weighted sled must be pulled up and back a 25 m
course using a rope

The athlete must complete an 80 m track by

Resistances

Females
open

Males Females pro/males open/
pro mixed

Dampener setting can be adjusted as desired

202 kg 152 kg 102 kg

153 kg 103 kg 78 kg

jumps
a broad jump

Row ergometer
Farmers carry

Sandbag lunges

1,000 m effort of the row ergometer
The athlete must carry 2 kettlebells along a 200 m track

The athlete must perform walking lunges along a 100

performing a chest-to-floor burpee followed by

m track with a sandbag carried on the shoulders

Wall balls

The athlete must perform a squat with a weighted ball

and throw the ball at marked target on completing
the repetition. 100 valid repetitions must be

completed

Activities are listed in the order they must be completed.

10 male athletes (Men’s Pro category)
and 60:24 = 01:09 for the top 10
female athletes (Women’s Pro cate-
gory) (Table 3; HYROX, Results &
Rankings, 2025). Recreational partici-
pants in the Open Solo category often
take ~70-90 minutes, while Open
Doubles competitors complete the
event in ~50-70 minutes. Of the total
duration, athletes spend approximately
50% (~27-33 minutes) completing the
8 1-kilometer runs, representing a sub-
stantial portion of the event (Table 3).
Evidence from aerobic endurance-
based events of similar duration sug-
gests that while Vo,max does not
always differentiate between high-
and low-level performers, a requisite
level of aerobic fitness is essential (6).
Instead, superior performance may be
more closely tied to anaerobic factors,
such as lactate threshold and the ability
to sustain high percentages of Vo,max.

Dampener setting can be adjusted as desired

2% 32kg 2 X 24 kg 2 X 16 kg

30 kg 20 kg 10 kg

9 kg 6 kg 4 kg
Although HYROX includes high- capacity. Each of the fitness stations

intensity activities such as burpee
broad jumps, sled pushes, and ergom-
eter rowing, aerobic capacity plays
a key role in recovery between these
efforts. Enhanced aerobic fitness sup-
ports lactate clearance and phospho-
creatine regeneration, delaying fatigue
and enabling sustained high-intensity
performance (71). Even in the doubles
category, where rest periods are more
frequent, recovery is likely still incom-
plete, given that complete resynthesis
of phosphocreatine takes 3-5 minutes
(28). Together, these data suggest that
developing a robust aerobic base is
essential for success in HYROX, partic-
ularly in solo categories where recov-
ery opportunities are minimal.

ANAEROBIC CAPACITY
Perhaps more critical to HYROX per-
formance is an athlete’s anaerobic
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requires bursts of near-maximal effort
lasting approximately 3-4 minutes
(Table 3), which is also evidenced by
the HR spikes recorded during compe-
tition (Figure 1). As such, the ATP-PC
system is crucial to support explosive
actions such as sled pushes, burpee
broad jumps, and initial accelerations
in running and ergometer-based activ-
ities. However, the prolonged duration
of each station suggests a significant
reliance on anaerobic glycolysis for
energy production and would imply
that a high lactate threshold would
provide a clear performance advantage
(Table 2).

In aerobic endurance-based tasks last-
ing 30-60 minutes, the lactate
threshold—or, more precisely, the exer-
cise intensity associated with the lac-
tate threshold—has been shown to
predict performance among



Table 2

Energy system contributions, physiologic responses, and work-to-rest profiles to various related activities *values are
estimated based on existing literature in related activities

Sport Duration  ATP-
PC (%)
HYROX® solo ~60-90  5-10%
min
HYROX® doubles ~50-70  10-15*
min
Hybrid fitness ~5-30 10-20
WODs min
Rowing (2000m  ~6-8 min ~5
race)
Middle distance  ~30-40 <5

running (10 km min
race)

Team sports (e.g., ~80-90 5-10
soccer) min

WOD = workout of the day.

individuals with similar Vo,max values
(14). This relationship likely extends to
the sport of HYROX, where a high
Vo,max is a “prerequisite” for compet-
ing at an elite level. However, distin-
guishing performance among athletes
at this level is likely determined more
by the ability to sustain a high fraction
of Vopmax and effectively mitigate lac-
tate accumulation. Unfortunately, lim-
ited direct data currently exist on the
blood lactate responses of HYROX
athletes, necessitating analogous data
from similar activities to infer its role
in energy metabolism.

Studies incorporating various high-
intensity exercises, such as those found
in HYROX, provide relevant insights.
For instance, recreational athletes per-
forming a 5-minute near-maximal
effort on a ski ergometer exhibited
blood lactate concentrations of 8-
10 mmol/L (75). Comparable lactate
levels (>10 mmol/L) have been re-
ported during various hybrid fitness
workouts involving exercises such as
running, wall balls, rowing, and
burpees—activities featured in HYROX
(8,23,69). Notably, many of the hybrid

fitness sessions reported in the litera-
ture are usually shorter in duration
than HYROX events (~20 vs. ~60 mi-
nutes), which may permit higher inten-
sities and, thus, greater blood lactate
levels in comparison with a HYROX
event. Although, when the acute phys-
iologic responses were measured dur-
ing a 10-kilometer obstacle course race
(lasting approximately the same dura-
tion as a HYROX event and predomi-
nantly involving running), post-race
blood lactate values were in the same
range (9-10 mmol/L) (53). These find-
ings suggest that HYROX likely elicits
comparable  anaerobic  demands,
emphasizing the importance of glyco-
lytic energy system development.

Although anaerobic glycolysis is the
dominant energy system in HYROX,
the ATP-PC system remains essential
for short, high-intensity efforts. Evi-
dence links anaerobic power to perfor-
mance in hybrid fitness contexts, with
maximal anaerobic power (e.g., ski-
ergometer sprint speed) strongly corre-
lating with an 800-meter ski ergometer
time trial (» = 0.922) (61). In addition,
higher-performing  hybrid fitness
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Glycolysis  Oxidative  Average HR Blood Work-to-rest Reference
(%) (%) (%HRmax) lactate profile
(mmol/L)
20-30* 60-70* 70-90* 8-12* Continuous, N/A
minimal rest
25-35* 55-65* 70-90* 6-10* Intermittent, N/A
=—3:1
25-35 50-60 70-90 8-14 Continuous, Rios et al. (54)
minimal rest
~20 =7/5 90-95 10-16 Continuous Martin &
Tomescu
(39)
5-10 90-95 ~90 4-8 Continuous Brandon (6)
10-15 75-85 80-90 3-9 Intermittent, Bangsbo (2)
1:3-1:6

athletes exhibit significantly greater
peak and average power outputs dur-
ing a 30-second Wingate test (40).
These findings underscore the impor-
tance of maximal and near-maximal
sprint efforts in training to enhance
ATP-PC system function, supporting
explosive ~ power and  overall
performance.

The type of HYROX event likely influ-
ences the extent ATP-PC and glyco-
Iytic systems contribute to
performance. In Solo competitions,
limited rest periods may increase reli-
ance on buffering metabolic byprod-
ucts, highlighting the importance of
lactate clearance capacity. Indeed,
intermittent recovery periods of 1 min-
ute during a hybrid fitness circuit have
been observed to significantly reduce
lactate accumulation (30). Thus, it
may be argued that intermittent rest
periods, such as those afforded during
HYROX Doubles, may enable higher-
intensity efforts, potentially increasing
the contribution from the ATP-PC sys-
tem. Future research is needed to clar-
ify these distinctions and optimize
training strategies for different HYROX



Heart rate trace of an elite male HYROX athlete during Pro Singles race

1 56 bpm

4 136bpm

AX HR

1 87 bpm

4 166bpm

Minutes

A representative heart rate (HR) trace from an elite male athlete during
a HYROX Pro Singles event. The athlete has an age-predicted maximum HR
of 188 beats per minute (bpm). Data were collected from a WHOOP arm

strap.

formats. Together, the findings dis-
cussed above underscore anaerobic
capacity as a fundamental component
of HYROX performance, necessitating
targeted training to enhance athletes’
ability to produce and sustain high-
intensity efforts.

LOCAL MUSCULAR ENDURANCE
Local muscular endurance (LME),
often referred to as strength-
endurance, represents the ability of
muscles to resist fatigue and sustain
force production under submaximal re-
sistances (28). This quality is typically
quantified as the total work or repeti-
tions completed within a given time
frame, reflecting both muscular and
metabolic efficiency. Although LME
is frequently categorized as a strength
attribute, its physiologic determinants
likely include capillarization and mito-
chondrial content, which influence
fatigue  resistance and  energy
production (56).

In HYROX, several event stations,
such as wall balls and walking lunges,
place substantial demands on LME.
The repetition and distance require-
ments of these stations require

participants to perform prolonged sub-
maximal muscular contractions, often
lasting 3-4 minutes (Table 3). Conse-
quently, a well-developed LME capac-
ity, particularly in the lower body, is
critical for optimizing performance in
these events.

Empirical evidence from high-
intensity hybrid fitness research under-
scores the relevance of LME to athletic
performance. Studies examining hybrid
fitness athletes have reported strong
correlations between LME and work-
out performance, with correlation co-
efficients ranging from » = 0.62 to 0.89
(68,70). These findings suggest that
LME significantly influences an ath-
lete’s ability to sustain effort across
diverse, high-repetition tasks.

Given these insights, it is reasonable to
infer that enhancing LME would
directly benefit HYROX athletes by
delaying the onset of fatigue. This
adaptation allows competitors to com-
plete more repetitions or sustain con-
tinuous effort during high-demand
stations, reducing the need for recovery
pauses and ultimately improving over-
all event performance. Thus, training
programs  to increase ~ LME,
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particularly in the lower body, should
be prioritized for HYROX athletes.

MECHANICAL DEMANDS

MAXIMAL AND EXPLOSIVE
STRENGTH

Although none of the fitness stations
in HYROX explicitly test maximal
strength, this is still likely a critical
determinant of performance in the
sport. A greater capacity to produce
force provides a distinct advantage in
stations such as sled pushing and pull-
ing, because the sled weights in HY-
ROX are fixed and not individualized
to body mass, meaning stronger indi-
viduals can generate higher force out-
puts for faster and more efficient
movement. Furthermore, an elevated
ceiling of maximal strength reduces
the relative intensity of submaximal
tasks (43), such as walking lunges and
wall balls. This diminishes the neuro-
muscular strain per repetition, enhanc-
ing  muscular  endurance  and
maintaining performance across the
event (43).

Lower body explosive strength is par-
ticularly important for exercises such
as burpee broad jumps, where a greater
ability to produce force rapidly allows
athletes to cover more ground with
fewer repetitions, reducing overall
effort. Beyond specific stations, maxi-
mal and explosive strength are closely
linked to improved running economy
(45), which is vital given the substantial
running component of HYROX.
Enhanced strength reduces energy cost
per stride, enabling sustained running
performance over long distances (21).

Empirical evidence from related
hybrid fitness competitions supports
the role of maximal strength as a key
determinant of performance. For
example, a study found that back squat
1-repetition maximum (1RM) ac-
counted for 41% of performance vari-
ance in a workout involving barbell
thrusters (a front squat combined with
a push press) and pullups (21, 15, and 9
repetitions performed for each move-
ment) (19). In addition, back squat
1RM  significantly correlated with
another workout comprising 5 rounds



Event component

Race total
Run intervals
Ski ergometer
Sled push
Sled pull

Burpee broad jumps

Row ergometer

Farmers carry

Sandbag lunges

Time in minutes spent completing-r:::: fomponent of a HYROX pro singles
race
Males Females
55:01 = 00:57 60:24 = 01:08
29:24 * 01:12 31:18 + 01:48
03:48 + 00:12 04:18 =+ 00:06
02:12 + 00:18 02:24 + 00:18
03:06 + 00:18 03:42 = 00:24
02:36 *= 00:23 03:22 =+ 00:25
03:57 + 00:08 04:27 = 00:10
01:33 = 00:19 01:38 £ 00:13
03:06 + 00:22 03:35 £ 00:21
03:46 = 00:15 03:41 = 00:26

Wall balls

Data were obtained from the best performances of the top 10 male and female HYROX

athletes as of January 2025.

Data are presented as mean = SD. Durations are presented as minutes: seconds. Data
obtained from the official HYROX website: https://results.hyrox.com/season-7/?

pidp=ranking_nav&pid=list_overall.

of 2 400 m run and 15 overhead squats
(19). Other research observed signifi-
cant positive correlations between
squat 1RM and diverse hybrid fitness
workouts, which share similarities with
HYROX exercises, such as wall balls,
walking  lunges, rowing, and
burpees (41).

Rate-dependent strength measures also
demonstrate relevance. Countermove-
ment jump height and reactive strength
index showed moderate-to-strong corre-
lations (» = 0.51-0.89) with performance
in hybrid fitness workouts (40). Further-
more, lower body strength has been
shown to protect against fatigue-
induced declines in high-intensity ac-
tions (» = 0.72) in rugby athletes (25),
suggesting a role in maintaining perfor-
mance under HYROX’s demanding
conditions.

Finally, maximal and explosive
strength likely enhances an athlete’s
capacity to tolerate the high training
volumes required for HYROX prepara-
tion while reducing injury risk. Stron-
ger athletes demonstrate better
resilience to increased workloads and

lower susceptibility to injury (36), mak-
ing these qualities essential for both
performance and long-term health.
Together, these data strongly advocate
for the prioritization of maximal and
explosive strength development by
HYROX athletes and coaches.

MOBILITY

While mobility may not be a primary
determinant of success in HYROX,
a requisite level is essential for optimal
performance.  Specific  movement
standards, such as achieving hip depth
below the knees during wall balls or
touching the trailing knee to the floor
during walking lunges, highlight the
importance of sufficient ankle and hip
mobility. Athletes with limitations in
these areas may struggle to meet these
criteria, risking invalid repetitions or
penalties. In addition, reduced ankle
range of motion has been linked to
poorer jumping performance (46),
potentially necessitating more repeti-
tions during the burpee broad jump
station, thereby increasing time and
energy expenditure.
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Despite its role in some stations,
improving mobility may not univer-
sally enhance HYROX performance.
For example, research on rowing per-
formance has shown that flexibility
and range of motion do not signifi-
cantly differentiate higher- and lower-
level performers (35), suggesting that
mobility beyond normal levels is
unlikely to improve performance in
ergometer-based stations. Thus, mobil-
ity in HYROX seems to serve as a foun-
dational attribute to meet movement
standards and prevent inefficiencies
rather than as a critical factor influenc-
ing success across all events.

BODY COMPOSITION

Although no formal data currently
exist on the anthropometric character-
istics of top HYROX performers, evi-
dence from related hybrid fitness
disciplines highlights the critical role
of body composition in optimizing
performance. Research on elite ath-
letes from another hybrid fitness com-
petition indicates a strong relationship
between body fat percentage and per-
formance outcomes. For example, 1
study demonstrated a significant corre-
lation (R* = 0.52) between body fat
percentage and time to completion in
a hybrid fitness workout lasting
approximately 43 minutes, which
included two 1-mile runs and body-
weight strength exercises (8). Another
study identified body composition
metrics, such as body fat percentage,
body density (derived from air dis-
placement plethysmography), and
muscle mass, as the strongest predic-
tors of performance across various

hybrid fitness workouts (37).

These findings suggest that for events
such as HYROX, which incorporate
bodyweight movements and aerobic
endurance challenges, a low body fat
percentage and adequate lean muscle
mass are essential. Together, they
enhance the power-to-weight ratio,
enabling athletes to efficiently generate
force relative to their body weight.
This optimized power-to-weight ratio
is likely a key determinant of success in
HYROX, underscoring the importance



of targeted body composition training
and management for competitive ath-
letes in this emerging sport.

INJURY EPIDEMIOLOGY

Currently, there is no published data
on the injury incidence specific to HY-
ROX competitors. However, research
from other hybrid fitness disciplines
indicates an injury incidence rate of
approximately 2.3 injuries per 1,000
hours of training (42). Common injury
sites reported in these contexts include
the shoulder, lower back, and knee
(42). Increased weekly training hours
and competition frequency seem to
elevate injury risk, emphasizing the
need for careful management of the
training load (42). This is particularly
relevant in HYROX, where the concur-
rent development of strength and
endurance qualities requires high train-
ing volumes that, if poorly managed,
may lead to overuse injuries.

Running-related injuries (RRIs) are of
particular concern in HYROX, given
the repeated transitions between
strength-based exercises and running.
Research  suggests that fatigue-
induced alterations in running gait
can lead to asymmetrical loading of
the hip, knee, and ankle joints, which
may contribute to injury development
(26). Patellofemoral pain syndrome
(PFP) and iliotibial band syndrome
(ITBS) are among the most common
RRIs, both classified as overuse injuries
(65). Furthermore, Poston et al. (49)
reported that hybrid fitness training
generally poses no greater injury risk
than traditional exercise modalities
and may result in lower injury rates
than running alone. This suggests that
within ~ HYROX, the running
component—particularly when per-
formed under fatigue—may be the pri-
mary driver of injury risk.

Beyond running, sufficient trunk con-
trol is critical across many HYROX
stations to maintain stability, optimize
force transfer, and reduce injury risk.
Movements such as the sled push, sled
pull, and farmers carry require strong
core engagement to prevent excessive
lumbar flexion and lateral instability,

which can contribute to lower back
strain. Poor core control has been
linked to increased injury risk, includ-
ing lower back pain and lower limb
dysfunctions such as knee valgus,
a known contributor to conditions
such as PFP and anterior cruciate lig-
ament injuries (74). Given the demands
of HYROX, athletes should incorpo-
rate strategies that enhance trunk sta-
bility and mitigate fatigue-related
biomechanical ~ compensations  to
reduce injury risk and improve
performance.

To mitigate injury risks, HYROX ath-
letes may benefit from strategies that
allow for the concurrent development
of strength and energy system condi-
tioning while minimizing overall train-
ing volume. Effective periodization,
cross-training, and tools such as blood
flow restriction (BFR) training could
be critical in balancing these compet-
ing demands and reducing the likeli-
hood of overuse injuries. Such
strategies are discussed in the “Pro-
gramming Recommendations” section
below. Further research is needed to
better understand the injury patterns
specific to HYROX and to develop tar-
geted injury prevention strategies.

TECHNICAL DEMANDS

Although performance in HYROX is
primarily influenced by an athlete’s
physiologic attributes, technical profi-
ciency is critical in optimizing perfor-
mance outcomes. An effective
technique during ergometer-based sta-
tions, such as rowing or skiing, enhan-
ces movement economy, reducing
energy expenditure and allowing ath-
letes to sustain effort over the event’s
duration. In support of this, it was
noted that elite-level runners signifi-
cantly improved their performance in
assessments of anaerobic and aerobic
power performed on a ski ergometer
after a 6-month cross-country skiing
talent transfer program (63). The lack
of change in Vo,max implies that per-
formance improvements were related
to enhanced technical proficiency,
highlighting the need to prioritize skill
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development and physiologic adapta-
tion in preparing for a HYROX race.

Similarly, sled pushing and pulling
involve external resistance that must
be overcome through effective force
application. Based on biomechanical
principles, maximizing horizontal
force application is likely beneficial
for optimizing displacement of the
sled. Engaging large muscle groups,
including the glutes, hamstrings, and
quadriceps, is essential for maintaining
efficiency and minimizing fatigue dur-
ing these high-resistance tasks. Fur-
thermore, specific stations, such as
wall balls, necessitate accuracy to hit
designated targets. Mastery of this skill
reduces the risk of penalties or invalid
repetitions, which could negatively
affect overall performance. Addressing
these technical demands is vital to
complement physiologic preparation
and optimize competitive success
in HYROX.

PROGRAMMING
RECOMMENDATIONS

Training recommendations should be
tailored to the athlete’s experience
level, balancing the development of
the key qualities identified above.
Table 4 provides an overview of pro-
gramming recommendations by com-
petitor level. Novice competitors may
benefit from a focus on foundational
strength and aerobic endurance,
whereas advanced competitors require
a greater emphasis on explosive
strength, anaerobic power, and race-
specific simulations.

DEVELOPMENT OF MAXIMAL AND
EXPLOSIVE STRENGTH

To optimize performance in HYROX,
a comprehensive resistance training
program should prioritize the develop-
ment of maximal dynamic and explo-
sive strength. These attributes are
crucial for enhancing running econ-
omy (45) and mitigating injury risks
associated with the high training loads
typical of the sport (36).

A well-rounded program should target
the entire body but emphasize lower-
body development, given its central
role in running and many HYROX-



specific movements. Evidence from
team sport athletes, who must similarly
balance diverse fitness qualities such as
strength, muscular endurance, and aer-
obic capacity, suggests that a training
frequency of 2 sessions per week is
both effective and practical for achiev-
ing these goals (15). Although higher
frequencies may further enhance adap-
tations, 2 sessions per week seem to be
a viable approach given common time
constraints in applied settings.

Key elements of the program should
include the prioritization of compound
lifts, such as squats and lunges, per-
formed with high loads and low repe-
titions. This approach aligns with
established guidelines for building
maximal strength (28). Incorporating
plyometric exercises is equally critical
for the development of rate of force
development and improved jumping
ability, which can directly benefit
movements such as sled pulls, burpee
broad jumps, and other dynamic tasks
in HYROX competitions (18).

HIGH-INTENSITY INTERVAL
TRAINING

High-intensity interval training (HIIT)
is a core component of conditioning
for HYROX athletes, because it allows
for the simultaneous development of
aerobic capacity and anaerobic power
(7). As such, HIIT provides a time-
efficient approach for athletes to pre-
pare for the diverse demands of HY-
ROX, which have been outlined
earlier in this review. To optimize spec-
ificity for HYROX, HIIT sessions
should primarily use modalities that
mirror event requirements, such as run-
ning, ski ergometers, and rowing ergo-
meters. Cycling may also be
incorporated as a lower-body condi-
tioning alternative that minimizes mus-
culoskeletal loading, offering recovery
benefits while maintaining a training
stimulus (64).

Interval training protocols can be tai-
lored to develop specific energy sys-
tems, although adaptations occur
across a continuum rather than within
rigid categories. Short intervals of 15-
30 seconds at intensities near or above

maximal aerobic speed (MAS) or max-
imal aerobic power (MAP) primarily
target anaerobic power, with contribu-
tions from the aerobic system in re-
plenishing phosphocreatine  stores
and supporting repeated efforts (7).
Recent findings, such as those by Thur-
low et al. (67), demonstrate that even
very short intervals (e.g., <10-second
efforts) at maximal intensity can elicit
meaningful improvements in aerobic
capacity alongside anaerobic qualities
such as repeat sprint ability. Con-
versely, longer intervals of 3—4 minutes,
performed at or slightly above critical
speed or maximal lactate steady state,
emphasize aerobic capacity by pro-
moting sustained oxidative energy sys-
tem engagement and improving
oxygen utilization efficiency (72). This
approach is particularly effective for
developing the physiologic attributes
necessary for prolonged, high-
intensity efforts seen in HYROX com-
petition. Therefore, various interval
protocols may be used for energy sys-
tem development in hybrid fitness ath-
letes, although consideration should be
given to the athlete’s individual profile.
Short intervals (15-30 seconds) and
repeat sprint intervals (<10 seconds)
may be preferable if anaerobic glycol-
ysis development is a priority.

Intensity for short, moderate, and long
intervals should be prescribed based
on MAS or MAP, which can be deter-
mined through maximal efforts lasting
5-7 minutes for each exercise modality
(e.g., running, skiing, or rowing), with
the average speed or power output
serving as a reference for interval tar-
gets (16,62). Alternatively, intensity for
repeat sprint intervals should be
maximal (67).

Selecting work-to-rest ratios is critical
in ensuring that athletes achieve the
intended physiologic stimulus. For
short intervals (=30 seconds), a 1:1
or 1:2 ratio is commonly prescribed
to allow for partial recovery while
maintaining  high-intensity  outputs
across multiple repetitions. Shorter
recovery periods (e.g., 15 seconds
on/15 seconds off) emphasize aerobic
contributions ~ because  of  the
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incomplete resynthesis of phosphocre-
atine, while slightly longer recovery
periods (e.g., 30 seconds on/60 sec-
onds off) permit greater anaerobic
engagement by allowing for higher
work intensities to be sustained (7).
For moderate-length intervals (30 s-2
minutes), work-to-rest ratios between
1:1 and 2:1 are typically used, with
shorter recovery periods facilitating
aerobic adaptations (72) and longer
recovery periods supporting anaerobic
power development (27). Longer inter-
vals (=3 minutes) generally use a 2:1
ratio (e.g., 4 minutes work/2 minutes
rest), which enables athletes to sustain
elevated work intensities while allow-
ing for partial metabolic recovery, opti-
mizing aerobic endurance adaptations
(58). These considerations are essential
in designing HIIT protocols that align
with the physiologic demands of HY-
ROX competition.

CIRCUIT TRAINING

Circuit training is arguably the most
sport-specific format for preparing ath-
letes for HYROX competitions. This
training modality integrates full-body
muscular endurance, aerobic power,
and anaerobic capacity by combining
aerobic activities with low-resistance
strength exercises in a sport-specific
context (50). Research has demon-
strated that circuit-style training can
simultaneously enhance both aerobic
and anaerobic fitness components,
because it challenges multiple physio-
logic systems within a single session
(1,50). Specifically, this format has
been shown to improve Vo,max, lac-
tate threshold, and muscular endur-
ance, key determinants of
performance in hybrid endurance
events such as HYROX (38).

Despite incorporating strength exer-
cises, circuit-based sessions can elicit
a high level of oxygen consumption,
with studies reporting values as high
as 93% of Voymax (20). Moreover,
HR and blood lactate values during
exercise are significantly higher during
circuit training than during traditional
strength exercise (38). Importantly, this
elevated cardiorespiratory demand is



observed during exercise and translates
into meaningful physiologic adapta-
tions over time. For instance, high-
intensity circuit training has been
found to elicit improvements in both
maximal aerobic capacity and anaero-
bic power, reinforcing its utility in
developing the key energy systems
required for HYROX competi-
tion (11,50).

The design of circuit training programs
for HYROX should prioritize high inten-
sities with lower overall volume, a strat-
egy that yields superior results in
comparable populations such as MMA
athletes (34). These circuits should incor-
porate work-to-rest ratios ranging from
3:1 to 6:1 to ensure sustained effort and
conditioning at or above sport-specific
intensities. Target intensities should
range from 75 to 95% of HRmax, with
session durations spanning 30-60 mi-
nutes to align with the time demands
of HYROX races. Finally, some evidence
suggests there may be an advantage to
placing aerobic endurance-based activi-
ties before strength-based activities in
these integrated circuit-based sessions if
maximizing aerobic capacity improve-
ments is a priority (11). By adhering to
these programming guidelines, circuit
training can effectively prepare athletes
for the multifaceted demands of HY-
ROX, enhancing both their physiologic
capacity and sport-specific technical
performance.

CONTINUOUS AEROBIC TRAINING
Continuous aerobic training can play
a valuable role in HYROX preparation,
particularly for recovery, improving
movement economy, and refining
technique (3). These sessions should
be conducted at lower intensities, con-
sistent with the principles of polarized
and pyramidal training, which are used
by elite-level aerobic endurance ath-
letes (9,57). Both approaches dictate
that most aerobic endurance training
sessions (75-80%) should occur at
intensities below the lactate threshold,
because these sessions can still provide
a stimulus for aerobic adaptation yet
minimize the accumulation of fatigue
(57). Intensity for such sessions can also

be monitored using HR and rating of
perceived exertion (RPE), with typical
targets being 60-70% HRmax and 3-4
RPE  on a  10-point  scale,
respectively (57).

Continuous aerobic training is most
beneficial during the early stages of
a preparation period, where the focus
is on developing a robust aerobic base
to support subsequent higher-intensity
training phases (28). During this phase,
a pyramidal intensity distribution is
recommended, with most training vol-
ume at low intensities (Zone 1), sup-
plemented by a smaller proportion of
moderate-intensity threshold work
(Zone 2) and minimal high-intensity
training (Zone 3) (9). This approach
enhances aerobic efficiency through
long, steady-state runs and continuous
tempo efforts, improving running
economy and lactate threshold. How-
ever, as competition approaches, con-
tinuous aerobic training may be
minimized to manage overall training
load, because it contributes signifi-
cantly to total volume compared with
interval-based methods (7). Traditional
periodization models suggest that
reducing training volume while
increasing intensity optimizes perfor-
mance closer to competition (28).
Accordingly, HYROX athletes should
transition toward a more polarized
model, replacing some low-intensity
continuous work with high-intensity
circuit- and interval-based sessions that
better replicate race demands. A simi-
lar approach is used in team sports,
where continuous aerobic training is
reduced in-season in favor of HIIT
and sport-specific training to maintain
aerobic capacity (60). Structuring con-
tinuous aerobic training within a perio-
dized framework ensures its strategic
application in enhancing long-term
performance outcomes for HYROX
athletes. A more comprehensive aero-
bic endurance periodization frame-
work is available in Casado et al. (9).

BLOOD FLOW RESTRICTION
TRAINING

BFR training, which involves the
application of external pressure to par-
tially restrict arterial inflow while
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occluding venous return, may present
several advantages for HYROX ath-
letes. This modality offers unique ben-
efits in the context of the physiologic
and performance demands identified
earlier in this review. Importantly,
BFR creates an anaerobic environ-
ment, accumulating metabolic byprod-
ucts such as lactate and hydrogen ions
(48). The cuff also prevents these by-
products from being cleared effectively,
forcing skeletal muscle to improve the
ability to buffer against them and main-
tain force output. It is understood that
this “metabolic stress” drives several
important adaptations, such as enhanc-
ing mitochondrial content, capillariza-
tion,  buffering  capacity, and
preferential adaptation of type I fibers
(4,10). This is critical, because the
information outlined in previous sec-
tions indicates high aerobic and anaer-
obic demand during HYROX, so
improving an athlete’s ability to oper-
ate for prolonged periods at variable
intensities and delay fatigue would be
highly advantageous for performance.

The use of BFR during low-load resis-
tance training has been demonstrated
to develop muscle hypertrophy,
strength, and muscular endurance
qualities concurrently, making it
a time-efficient approach to target
these relevant muscular qualities
(32,59). Compared with low-load exer-
cise performed to failure (without
BFR), it achieves these outcomes with
significantly lower exercise volume
(22). Although low-load BFR exercise
generates high levels of acute muscle
fatigue, it seems that much of this dis-
sipates within minutes of reperfusion
(31). A systematic review of 15 ran-
domized controlled trials found that
while low-load BFR may induce mus-
cle damage within the first week, it
does not cause long-term muscle dam-
age (73). Together, this may explain
why recovery timelines are accelerated
after this mode of exercise compared
with traditional high-load resistance
exercise, particularly with repeated
exposure to the BFR stimulus. There-
fore, the intermittent use of low-load
BFR may permit athletes to recover



Table 4
HYROX training recommendations by competitor level

Level Training  Resistance training HIT Continuous
frequency aerobic
Novice 3-4 1-2X/week 1X/week 1X/week
Full body sessions  Long intervals  Low-to-moderate
building strength with 1:1 intensity (Zones
in foundational work-to-rest 1 and 2) running
movements ratio
~8-12 repetitions
Intermediate 5-6 2-3X/week 1X/week 1-2X/week
Full body sessions  Long-to- Low-to-moderate
targeting moderate intensity (Zones
maximal strength intervals with 1 and 2) running
in key 1.5-2:1 work- BFR may be used
movements (e.g., to-rest ratio during low-
squat, lunge, Short intervals intensity aerobic
hinge) with 1:1 training
~3-6 repetitions work-to-rest
Low loads with and ratio
without BFR to
develop LME
~15-30 repetitions
Advanced 7+ 3X/week 1-2X/week 2-3X/week
Full body or upper/ Long intervals  Low-to-moderate
lower sessions with 2:1 intensity (Zones

targeting
maximal and
explosive
strength in key
movements (e.g.,
squat, lunge,
hinge), including
plyometric
exercises

~3-6 repetitions
Low loads with and

without BFR to
develop LME

~15-30 repetitions

work-to-rest
ratio

Short intervals
with 1:1
work-to-rest
ratio

Sprint intervals
(<10 s) with
1:3-6 work-
to-rest ratio

1 and 2) running
and row/ski
ergometry

BFR may be used
during low-
intensity aerobic
training

HYROX-specific
circuit training

Key focus areas

1X/week

Shorter duration
circuits (15-30
min) involving

e General strength

e Aerobic base

e Gain competency
in movement

HYROX stations patterns
with 3:1-4:1 e Injury prevention
work-to-rest
ratio
1-2X/week e Maximal strength

Moderate duration e Local muscular
circuits (30-50 endurance

min) involving e Aerobic power
HYROX stations e Intereffort

at race pace recovery

with >5:1 work- e Develop technical
to-rest ratio proficiency in

HYROX-specific

movements
1-2X/week e Explosive
Full race strength
simulations or e Local muscular
longer duration endurance

circuits (>50
min) at race

e Anaerobic power
e Running under

pace moderate fatigue
duration circuits e Continue to
(30-50 min) develop
above race pace  technical

with >5:1 work-
to-rest ratio

proficiency in
HYROX-specific
movements

Novice = 0-1 HYROX completed with <2y training experience; Intermediate = 1+ HYROX completed or >5 y training experience; Advanced =
3+ HYROX completed or >10 y training experience.

BFR = blood flow restriction; HIIT = high-intensity interval training.

from the high mechanical tension
imposed by traditional high-load
strength sessions while still providing
a stimulus for muscular adaptation (17).
Current guidelines for BFR resistance
exercise advocate for using both multi-
joint and single-joint exercises, with re-
sistances ranging from 20 to 40% of

1IRM (47). A fixed repetition scheme
of 30, 15, 15, 15 repetitions is frequently
used, along with completing some or
all sets to muscular failure. The cuff
pressure should be individualized
based on ultrasound-derived arterial
occlusion pressure (AOP), with 40-
80% AOP recommended (47). Finally,
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interset recovery periods should be
short (30-60 seconds), with the main-
tenance of cuff pressure during these
periods (continuous application) being
the most common approach (47).

Low-intensity aerobic exercises such as
walking (66), cycling (13), and rowing
(29) have also been combined with



BFR to elicit improvements in aerobic
capacity and the peripheral endurance
adaptations described earlier. Low-
intensity conditioning practices such
as this would allow HYROX compet-
itors to manage their training load
while still providing a stimulus for aer-
obic adaptation—particularly for exer-
cise modes that permit “off-feet”
conditioning. The studies outlined
above have prescribed intensity based
on absolute speeds (i.e., 5 km/h) (66)
or based on blood lactate- or VO,max-
derived intensities (13,29), which may
pose a challenge for many practitioners
or athletes looking to standardize
intensity across exercise modes and
without access to such measurements.
Therefore, “low” intensity may be
gauged by using RPE (3-4 on a 10-
point scale) (58) or by using heart rate
reserve (HRR; <50%) (47). During
low-intensity aerobic BFR exercise,
higher cuff pressures may be used
(80-100% AOP) (29,66). However, it
may be necessary to gradually build
up to these pressures with individuals
unaccustomed to BFR training. Read-
ers are directed to Patterson et al. (47)
for further details on low-intensity aer-
obic BFR exercise prescription.

More recently, research indicates that
BFR may be combined with high-
intensity interval training to improve
aerobic power, buffering capacity, and
performance during maximal effort
tasks (5,10). These studies have based
interval intensity on MAP, with 100%
being used for 15-second intervals and
60-80% MAP used for longer intervals
of 2 minutes. Lower cuff pressures (50-
70% AOP) are recommended for BFR
HIIT exercise sessions to improve tol-
erance (5,10). Finally, a 1:1 work-to-
rest ratio is advised for short HIIT in-
tervals (5), whereas 2:1 has been adop-
ted for longer HIIT intervals (10).
Readers are directed to a recent sys-
tematic review for further information
on BFR HIIT methodologies and rec-
ommendations (12). Together, the
above data indicate that BFR may
serve as a versatile tool for simulta-
neously targeting many of the physical
qualities relevant to HYROX while also

affording athletes the ability to reduce
training loads or intensities and thereby
reduce injury risk.

CONCLUSIONS

HYROX represents a challenging
hybrid competition requiring concur-
rent development of aerobic and mus-
cular endurance, strength, and technical
proficiency. Key performance determi-
nants include aerobic capacity for sus-
tained effort, anaerobic power for high-
intensity bursts, and local muscular
endurance to mitigate fatigue during
repetitive movements. Strength and
power are also vital for efficiency and
resilience during both strength tasks and
running segments. Effective preparation
involves tailored programming, such as
high-intensity interval training, circuit
training, and blood flow restriction
techniques, to enhance sport-specific fit-
ness while managing training loads to
minimize injury risk.

Although valuable insights can be drawn
from research on hybrid fitness events
and endurance-based sports, direct appli-
cation to HYROX requires caution. Dif-
ferences in movement mechanics, work-
to-rest ratios, and environmental con-
straints (e.g., fixed sled resistance, stan-
dardized event structure) may alter
performance determinants compared
with other related fitness competitions.
For example, while anaerobic energy sys-
tem contributions are well documented
in shorter duration hybrid fitness ses-
sions, the continuous nature of HYROX
running segments may shift the balance
toward aerobic energy pathways. Simi-
larly, although injury patterns in hybrid
fitness athletes suggest common vulner-
abilities (e.g,, shoulder and knee injuries),
the absence of weightlifting elements in
HYROX may modify injury risk profiles.
Although insights from related disci-
plines inform current practices,
HYROX-specific research remains
sparse. Future investigations should
prioritize controlled training interven-
tions to determine the most effective
preparation strategies for athletes of
varying experience levels. In addition,
longitudinal studies are needed to track
injury incidence and biomechanical
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adaptations associated with repeated
HYROX participation. Another critical
area for exploration is the relative con-
tribution of different energy systems
across the event, because this would
further refine conditioning strategies
and pacing recommendations. Collec-
tively, these research directions will
strengthen the evidence base for opti-
mizing training and performance in
this rapidly growing sport. Until this
is achieved, the strategies outlined
herein provide actionable steps for
coaches and athletes to optimize per-
formance and advance understanding
within this emerging sport.
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