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Featured Application

This study provides descriptive benchmarks on the evolution of elite HYROX© performance
across seven competitive seasons (2018–2024). The findings offer coaches and athletes
practical information on changes in race demands, pacing strategies, and segment-specific
performance, contributing to evidence-based training and competition planning in hybrid
fitness racing.

Abstract

HYROX© is a standardized fitness racing competition combining eight 1000 m runs
with eight functional workout stations, placing demands on aerobic endurance, strength,
and muscular endurance. Despite its rapid growth, performance analyses remain lim-
ited. To evaluate the seasonal evolution of elite HYROX performance standards across
seven seasons (2018–2024) using the annual Top 50 PRO MEN performances, and to iden-
tify the race components contributing most to changes in overall performance. Data from
the Top 50 PRO MEN performances in each season were obtained from the official HYROX
database (n = 350). Performance data were selected independently within each season
according to ranking position; across the dataset, 138 unique athletes were identified, of
whom 46 appeared in more than one season and 92 appeared in a single season only.
Therefore, the dataset reflects annual elite performance standards rather than repeated
longitudinal measurements of the same individuals. Variables included total race time,
cumulative running time, cumulative workout time, roxzone (transition) time, and segment
splits. One- and two-way ANOVAs with Bonferroni corrections were applied. From 2018 to
2024, total race time decreased by 20.8% (−891.5 s, p < 0.001), with significant reductions in
run + roxzone (−21.8%) and workout time (−19.2%) (p < 0.001). The largest time reductions
were observed in Wall Balls (−34.6%) and Sled Pull (−29.3%). Among running segments,
the greatest time reduction was observed in the final run (Run 8; −19.2%, −58.5 s, p < 0.001).
Running split-time profiles became progressively more even despite persistent late-race
decrements. Elite HYROX performance standards improved substantially across seasons,
with reductions in total race time, running time, workout time, and roxzone time. These
findings provide descriptive benchmarks for performance monitoring and competition
planning in hybrid fitness racing.
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1. Introduction
In recent seasons, hybrid fitness racing competitions have emerged as a prominent

trend in the sports performance community. These events combine high-intensity functional
exercises with traditional endurance modalities such as running, cycling, or rowing, thereby
challenging both aerobic and anaerobic energy systems across varied movement patterns [1].
Notably, some of these competition formats have begun to receive formal recognition and
organizational support, being incorporated under triathlon federations in certain countries
under the designation of “hyathlon”, further reflecting their growing institutionalization
and global expansion. One of the most rapidly growing formats in this category is HYROX©,
a standardized competition that consists of eight alternating 1000 m running intervals and
eight functional workout stations. HYROX originated in Germany in 2017 and has since
expanded worldwide. Unlike CrossFit®, which emphasizes variability and unknown
elements [2], HYROX follows a fixed sequence of events, allowing direct comparison of
performance across athletes, events, and seasons.

Recent large-scale analyses have demonstrated the rapid global expansion of HYROX©,
with participation exceeding 275,000 athletes across more than 140 events and 22 countries
worldwide within its first competitive seasons [3]. This exponential growth, particularly
following the COVID-19 pandemic, highlights the increasing demand for standardized
hybrid fitness competitions and reinforces HYROX’s emergence as a globally established
modality within the high-intensity functional training (HIFT) landscape. Despite this rapid
expansion, scientific literature examining performance determinants and longitudinal
adaptations in HYROX remains limited [3,4].

High-intensity functional training (HIFT) is a multimodal training approach character-
ized by the execution of functional, multi-joint movements at relatively high intensities with
the aim of simultaneously developing multiple physical capacities, including aerobic fit-
ness, muscular strength, power, and endurance [1]. Experimental and applied research has
demonstrated that HIFT can improve physical work capacity, aerobic fitness, and overall
physical performance across diverse populations and training contexts [5–7]. Furthermore,
recent systematic reviews and meta-analyses have reported meaningful improvements in
strength, power, endurance, agility, and sport-specific performance among both healthy
individuals and trained athletes following HIFT interventions [6–9]. Given its standard-
ized combination of repeated running bouts interspersed with strength-endurance tasks,
HYROX shares several performance characteristics with other HIFT-based competitive
formats, supporting its inclusion within this broader training and competition framework.

Previous research in hybrid fitness has indicated that aerobic endurance, muscle
strength, and power are primary determinants of success, complemented by the ability
to manage fatigue, sustain pacing, and tolerate metabolic stress [10]. Blood lactate con-
centrations exceeding 8 mmol/L and heart rates above 90% of maximum are commonly
reported in high-level hybrid fitness formats such as CrossFit® Workout of the Day (WOD),
including “as many repetitions as possible” (AMRAP) workouts such as Cindy and “round
for time” (RFT) sessions such as Open 18.4 [10–13]. These physiological responses highlight
the dual demand of muscular endurance and cardiovascular efficiency present in other
hybrid exercise formats [1]. However, the distinct structure of HYROX, characterized by re-
peated running bouts, interspersed with standardized strength-endurance tasks, warrants
specific investigation.

https://doi.org/10.3390/app16136674

https://doi.org/10.3390/app16136674


Appl. Sci. 2026, 16, 6674 3 of 14

To date, only a limited number of studies have examined HYROX, primarily focus-
ing on acute physiological responses, perceived exertion, and performance predictors [4].
However, none have explored the seasonal evolution of performance in elite athletes across
multiple competitive seasons. Such analyses are essential not only for tracking the progres-
sion of competitive standards but also for describing changes in performance standards,
technique execution, and pacing characteristics associated with the sport’s maturation.
For this reason, the present investigation aimed to evaluate the seasonal evolution of
elite HYROX performance standards across seven seasons (2018–2024) using the annual
Top 50 PRO MEN performances, and to identify the race components contributing most to
changes in overall performance. To the authors’ knowledge, this study provides the first
multi-season and segment-resolved analysis of elite HYROX performance, leveraging the
event’s standardized race structure to examine temporal trends across seven competitive
seasons (2018–2024). We hypothesized that performance in the HYROX PRO MEN category
would exhibit progressive improvements in overall performance across seasons, with larger
reductions in completion times in selected workout components.

2. Materials and Methods
2.1. Study Design

This study employed a retrospective, cross-sectional observational design to examine
the performance evolution of the top 50 in the PRO MEN category of HYROX competitions
across seven consecutive seasons (2018 to 2024). The analysis focused on identifying
seasonal changes in both total and segmental race times. Variables analysed included
total race time, cumulative running time (8 × 1000 m intervals; total distance 8000 m),
cumulative workout time, and roxzone (transition zone) time, as well as split times for
each running interval and for all eight standardized workout stations (ski ergometer
(1000 m), sled push (4 × 12.5 m, 202 kg), sled pull (4 × 12.5 m, 153 kg), burpee broad
jumps (80 m), rowing (1000 m), farmer’s carry (200 m with 2 × 32 kg kettlebells), sandbag
lunges (100 m, 30 kg), and wall balls (100 reps, 9 kg to 3 m target). Each HYROX event
followed the standardized competition protocol established by the governing body (Upsolut
Sports GmbH, Hamburg, Germany), consistent across all analysed seasons. Race timing
was conducted with electronic chip systems integrated into bib numbers or ankle straps,
recording the official total time from the start signal to the completion of the final Wall
Ball repetition, with intermediate splits automatically registered at each run and workout
station. Patient consent was waived because the study was based exclusively on publicly
available competition results obtained from the official HYROX database. Analyses were
conducted at an aggregated level, and no individual athlete was identified, contacted, or
analyzed at a personal level in the manuscript.

2.2. Data Source, Inclusion Criteria and Processing

Best-performance data from the Top 50 PRO MEN athletes in each competitive season
between 2018 and 2024 were retrieved from the official HYROX database [14] and included
in the analysis, resulting in 350 season-level observations. For each season, the 50 fastest
PRO MEN performances were selected according to ranking position, regardless of whether
the athlete had appeared in previous or subsequent seasons. Therefore, the purpose of
the analysis was to examine the evolution of elite HYROX performance standards across
seasons, rather than to assess longitudinal changes within the same individuals. Across
the 350 season-level observations, 138 unique athletes were identified. Of these, 46 athletes
appeared in more than one season, whereas 92 athletes appeared in a single season only.
This repeated appearance of some athletes reflects the structure of elite competition data
and was treated as a characteristic of the annual Top 50 performance cohort. Accordingly,
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all results should be interpreted as comparisons of seasonal elite performance standards,
not as within-athlete longitudinal adaptations.

Only performances from officially sanctioned HYROX events were included, and
inclusion required complete time records for total time, running, workouts, and roxzone
segments. A structured data cleaning protocol was applied to ensure consistency and
eliminate erroneous entries. Exclusion criteria included missing split times for any running
or workout segment, negative values for roxzone time indicating timing or entry errors, and
outliers defined as values deviating more than ±25% from the annual mean for each split
component. Given the high homogeneity expected among the Top 50 performances of each
season, this threshold was applied as a conservative data-cleaning procedure to identify
potentially erroneous records associated with timing inconsistencies or database-entry
errors. When an observation met any exclusion criteria, it was removed and replaced by
the next ranked athlete from the corresponding season to maintain a uniform sample of
50 performance data per season. However, no observations met the exclusion criteria after
data cleaning; therefore, no replacements were required. After cleaning, the final dataset
comprised a uniform sample of 50 best performances per season, ensuring consistency and
comparability across seasons. As the dataset consisted exclusively of publicly available
competition results obtained from the official HYROX database, and no individual athlete
was identified or analyzed at a personal level, the study was exempt from institutional
ethical approval and did not require informed consent, in accordance with established
guidelines for the secondary use of public data [15].

2.3. Statistical Analysis

All performance data are presented in seconds and reported as means ± standard
deviations. The normality of the data was verified using the Shapiro–Wilk test, and homo-
geneity of variances was assessed with Levene’s test. Separate one-way ANOVAs were
conducted to evaluate the effect of competition season (2018–2024) on overall performance
variables, individual running segments, and workout stations, enabling comparison of
performance across seasons. Additionally, a two-way ANOVA (7 × 8, season × run seg-
ment) was performed including all running sections. Because performance data were
selected independently each season according to ranking position, these analyses were
interpreted as comparisons of annual elite performance standards rather than as longitudi-
nal repeated-measures analyses of the same individuals. When a significant F value was
observed, Bonferroni-adjusted post hoc tests were applied to examine pairwise differences.
Effect sizes (ES) were calculated using Cohen’s d and interpreted as small (0.20–0.49),
medium (0.50–0.79), and large (≥0.80). Eta squared (η2) was used to report the proportion
of variance explained by season in the one-way ANOVAs. For the running split analysis,
partial eta squared (η2p) for the main effects of season and running segment, and for the
season × running segment interaction was calculated. Additionally, relative performance
changes between seasons were expressed as percentage deltas (∆). All analyses were per-
formed using IBM SPSS Statistics (version 29.0; IBM Corp., Armonk, NY, USA). Statistical
significance was set at p < 0.05.

3. Results
3.1. HYROX Performance Overview

A significant effect of season was found for total race time (p < 0.001; η2 = 0.777),
with post hoc analysis revealing an overall improvement from 2018 (71.35 ± 4.72 min)
to 2024 (56.50 ± 0.92 min; p < 0.001; ES = 5.06; ∆ = −20.8 ± 13.3%) and with statistically
significant reductions in time in 2019, 2021, 2022, 2023 and 2024 (p < 0.001, Figure 1a).
Similarly, cumulative running time showed a significant season main effect (p < 0.001;
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η2 = 0.540), with values decreasing from 2018 (36.22 ± 2.85 min) to 2024 (30.14 ± 1.77 min;
p < 0.001; ES = 3.04; ∆ = −16.8 ± 12.6%) and with statistically significant reductions in time
in 2019, 2021, 2022, 2023 and 2024 (p < 0.001, Figure 1b). Cumulative workout total time
also improved significantly across seasons (p < 0.001; η2 = 0.553), with a reduction from
2018 (30.54 ± 2.53 min) to 2024 (24.66 ± 1.08 min; p < 0.001; ES = 2.68; ∆ = −19.2 ± 11.5%)
and with statistically significant reductions in time in 2019, 2021, 2022, 2023 and 2024
(p < 0.001, Figure 1c). roxzone time also showed a significant main effect of the season
(p < 0.001; η2 = 0.229), with a decrease from 2018 (4.60 ± 0.84 min) to 2024 (3.67 ± 0.66 min;
p < 0.001; ES = 1.12; ∆ = −20.2 ± 19.5%; Figure 1d). Cumulative Total Run + roxzone time
showed a significant main effect of season (p < 0.001; η2 = 0.73), with values decreasing from
2018 (40.7 ± 3.6 min) to 2024 (31.9 ± 1.3 min; p < 0.001; ES = 3.05; ∆ = −21.8%; Figure 1e).
Significant reductions relative to 2018 were also observed in 2019, 2021, 2022, 2023 and
2024 (all p < 0.001). Finally, Best run exhibited a significant main effect of season (p < 0.001;
η2 = 0.30). Mean values showed a progressive decline from 2018 (3.56 ± 0.4 min) to 2024
(3.06 ± 0.35 min; p < 0.001; ES = 1.26; ∆ = −12.6%; Figure 1f). Post hoc Tukey comparisons
confirmed that performances in 2022, 2023 and 2024 were significantly lower than those
recorded in 2018, indicating a systematic improvement in performance over the latter
seasons (p < 0.001).

3.2. Evolution of Workout Performance by Stations

Significant effects of the season were found across all functional workout stations
(Figure 2). In the skierg, a significant season effect was observed (p < 0.001; η2 = 0.170),
with post hoc analysis showing an improvement from 2018 (3.96 ± 0.21 min) to 2024
(3.76 ± 0.13 min; p < 0.001; ES = 1.28; ∆ = −5.1%). In sled push, although a significant ef-
fect of season was found (p < 0.001; η2 = 0.231), no significant difference was detected
between 2018 (2.49 ± 0.46 min) and 2024 (2.29 ± 0.30 min; p = 1.000; ES = 0.31; ∆ = −8.0%).
In contrast, sled pull presented a significant effect of season (p < 0.001; η2 = 0.512), with a
notable decrease from 2018 (4.74 ± 1.02 min) to 2024 (3.35 ± 0.39 min; p < 0.001; ES = 1.77;
∆ = −29.3%). Burpee Broad Jumps also showed a significant season effect (p < 0.001;
η2 = 0.344), with improved times from 2018 (3.59 ± 0.63 min) to 2024 (2.80 ± 0.35 min;
p < 0.001; ES = 1.59; ∆ = −21.9%). For the row ergometer, a significant main effect of
season was observed (p < 0.001; η2 = 0.190), with performance improving from 2018
(4.20 ± 0.20 min) to 2024 (3.93 ± 0.10 min; p < 0.001; ES = 1.19; ∆ = −6.9%). Farmers carry
also showed a significant season effect (p < 0.001; η2 = 0.241), with a marked reduction from
2018 (2.04 ± 0.39 min) to 2024 (1.47 ± 0.14 min; p < 0.001; ES = 1.91; ∆ = −28.2%). Sandbag
lunges exhibited a significant effect of season (p = 0.002; η2 = 0.227), with values decreas-
ing from 2018 (3.53 ± 0.53 min) to 2024 (3.16 ± 0.28 min; p = 0.002; ES = 0.78; ∆ = −10.9%).
Finally, wall balls showed one of the largest improvements (p < 0.001; η2 = 0.494), with
performance increasing from 2018 (5.98 ± 1.12 min) to 2024 (3.91 ± 0.36 min; p < 0.001;
ES = 2.74; ∆ = −34.6%).

3.3. Evolution of Running Performance by Segment

A significant main effect of run segment was found (p < 0.001; η2p = 0.522), indi-
cating that performance varied depending on the specific running section. Addition-
ally, a significant interaction between season and run segment was observed (p < 0.001;
η2p = 0.120), indicating that performance improvements from 2018 to 2024 varied de-
pending on the specific running section. Post hoc comparisons revealed significant re-
ductions in time across all eight running segments and in all seasons (Figure 3). Specif-
ically, Run 1 improved from 2018 (3.67 ± 0.44 min) to 2024 (3.15 ± 0.46 min; p < 0.001;
ES = 1.14; ∆ = −14.1%), while Run 2 showed a decrease from 2018 (4.23 ± 0.33 min)
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to 2024 (3.60 ± 0.25 min; p < 0.001; ES = 2.16; ∆ = −15.0%). Run 3 improved from 2018
(4.58 ± 0.50 min) to 2024 (3.82 ± 0.32 min; p < 0.001; ES = 1.83; ∆ = −16.7%). For Run 4,
times declined from 2018 (4.68 ± 0.43 min) to 2024 (3.85 ± 0.33 min; p < 0.001; ES = 2.18;
∆ = −17.8%). In the latter stages, Run 5 decreased from 2018 (4.73 ± 0.41 min) to 2024
(3.93 ± 0.37 min; p < 0.001; ES = 2.02; ∆ = −16.9%), and Run 6 from 2018 (4.65 ± 0.41 min)
to 2024 (3.90 ± 0.39 min; p < 0.001; ES = 1.85; ∆ = −16.1%). Run 7 showed an improvement
from 2018 (4.72 ± 0.43 min) to 2024 (3.83 ± 0.27 min; p < 0.001; ES = 2.47; ∆ = −18.7%),
and the greatest reduction was found in Run 8, from 2018 (5.03 ± 0.63 min) to 2024
(4.07 ± 0.26 min; p < 0.001; ES = 2.02; ∆ = −19.2%).

Figure 1. Performance trends in HYROX competitions in the PRO MEN category across seven seasons
(2018–2024): (a) total race time, (b) cumulative running time, (c) cumulative workout time, (d) roxzone
(transition) time, (e) total run + roxzone time (f) best lap time. Each subplot displays the mean ± SD
per season for the top 50 finishers. * indicates statistically significant differences compared with the
2018 season (p < 0.001).
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Figure 2. Performance trends across seven seasons (2018–2024) in the PRO MEN category of HYROX
competitions: mean split times for each of the eight workouts. Each subplot displays the mean ± SD
per season for the top 50 finishers. * indicates statistically significant differences compared with the
2018 season (p < 0.001).
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Figure 3. Performance trends across seven seasons (2018–2024) in the PRO MEN category of HYROX
competitions: mean split times for each of the eight running segments (Run 1–Run 8). Each subplot
displays the mean ± SD per season for the top 50 finishers. * indicates statistically significant
differences compared with the 2018 season (p < 0.001).

Across all seven seasons, running performance displayed a trend for a positive pacing
profile, but this evolved from a pronounced fast-start with marked slowing in 2018–2020 to
a much flatter and more even split-time distribution in 2021–2024, with the greatest gains
observed in maintaining speed in the later runs, especially Run 8 (Figure 4).
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Figure 4. Mean running split times across segments (Run 1–Run 8) for each season (2018–2024),
illustrating changes in running split-time distribution across seasons.

4. Discussion
This study provides the first seasonal, segment-specific analysis of elite HYROX

performance across seven competitive seasons (2018–2024), focusing on the top 50 finishers
in the PRO MEN category each season. Our primary aim was to evaluate how total
race times and their components evolved and to identify which segments contributed
most to overall improvements. Results revealed a substantial and consistent performance
enhancement in all segments, with mean total time decreasing by 20.8% (−14.51 min). These
improvements were distributed across all segments—workouts, running, and transitions
indicating broad performance improvements across all measured race components. The
greatest reductions were observed in the running and workout segments, with mean
decreases of 6.1 and 5.9 min, respectively, from 2018 to 2024. These consistent improvements
highlight substantial improvements across both running and workout components of
HYROX competition, indicating progressively faster race performances across seasons. This
pattern is consistent with the multidimensional performance demands previously described
in HIFT-based competitions [8]. The most pronounced performance enhancements were
observed in the workout domain, particularly in wall balls (−34.6%), sled pull (−29.3%),
and farmer’s carry (−28.2%), while the greatest running improvement was found in the
final segment, run 8 (−19.4%).

The performance improvements observed across all race components may also be
interpreted within the broader context of the rapid global expansion of the sport. Recent
large-scale analyses have reported exponential growth in HYROX participation, with over
275,000 athletes competing across more than 140 events and 22 countries worldwide [3].
This substantial increase in participation likely contributed to a progressive expansion
of the talent pool, thereby elevating the competitive standard at the elite level. A larger
participation base increases the probability of attracting athletes with higher performance
potential and diverse competitive backgrounds. Consequently, competitive depth may
increase over time, facilitating progressive improvements in elite performance standards.
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In this context, the consistent reductions in race time and the emergence of a more even
running split-time distribution may reflect increased competitive depth, changes in athlete
composition, accumulated competitive experience, or the progressive professionalization
of the sport [3]. However, because no physiological, biomechanical, or training-load
variables were collected, the present data cannot determine the mechanisms underlying
these changes. Collectively, the performance trends observed from 2018 to 2024 suggest
that the competitive standard in elite HYROX has increased across both running and
workout-related components. Running segments, which account for a large proportion of
total race time, became faster and showed a more even distribution across the race, whereas
several workout stations exhibited marked reductions in completion time. From a practical
standpoint, these findings support the importance of preparing athletes for both repeated
running demands and standardized workout stations, while recognizing that the specific
physiological mechanisms responsible for the observed improvements remain unknown.

These concurrent improvements indicate that elite HYROX performance has pro-
gressed in both race-related running and workout components across seasons. Although
this pattern may be discussed in the context of concurrent endurance and strength de-
mands [16–19], the present study did not assess physiological, biomechanical, or training-
load variables. Therefore, the mechanisms underlying the observed performance improve-
ments cannot be determined from the current dataset. Interestingly, these performance
improvements were also accompanied by a more even pacing distribution, with flatter
run-split slopes and reduced variability across segments, suggesting a more even distribu-
tion of running performance across race segments. However, this remains as a hypothesis
and should be interpreted with caution as data reflects a descriptive change in race ex-
ecution rather than showing direct evidence of improved physiological regulation or
fatigue resistance.

The largest time reductions were observed in the workout domain, with an improve-
ment of 19.2% (5.52 min) in cumulative workout time. As mentioned before, exercises
like wall balls, sled pull, and farmer carry contributed most significantly. These findings
indicate substantially shorter completion times across several workout stations [4]. Wall
balls station, a high-repetition, compound task, emerged as the single greatest contributor
to performance gains, highlighting the value of its substantial contribution to overall perfor-
mance differences in the final stages of the race. Sled pull also showed marked reductions
despite being affected by venue-dependent variables such as moquette texture, humidity,
and surface friction. Although the weights are standardized, the resistance encountered can
vary significantly, suggesting that the magnitude of athlete-related improvements cannot
be determined from time-based data alone. The sled push did not show relevant improve-
ments in performance compared to other workouts across the different years evaluated.
One possible interpretation is that the sled push is one of the exercises with the greatest
strength demands and is therefore less associated with overall race-speed improvements
than other workout stations. In addition, contextual factors such as variations in the type
of carpet surface and ambient humidity, as also observed with the sled pull may have influ-
enced sled friction, introducing an uncontrolled additional load that could have masked
potential adaptations. These effects are further compounded by the substantial load of
202 kg used in the sled.

While running time decreased by 16.8% (−6.05 min), it continued to represent more
than 50% of total race time each season. Run 8 showed the greatest individual improvement
among the running segments (−0.58 min) indicating that later-race running performance
improved substantially across seasons. However, because no physiological, perceptual,
or training-load measures were collected, this finding should not be interpreted as direct
evidence of improved fatigue tolerance. Run 1 consistently registered the fastest times,
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likely due to its position at the start of the event when athletes have not yet completed the
subsequent race components. Additionally, it precedes the first functional station, allowing
for aggressive pacing without the immediate consequence of muscular compromise. These
dynamics are consistent with the faster opening split observed across all seasons. Roxzone
time decreased by 20.2% (−55.6 s), despite its relatively small proportion of total time.
Future studies should investigate the biomechanical determinants of performance during
HYROX-specific tasks. Across eight transitions, even marginal improvements can accumu-
late to competitive advantages. Reduced standard deviation in roxzone time (from 50.2
to 39.7 s) also indicates increased uniformity in execution and growing athlete familiarity
with spatial layout and movement transitions.

Running performance remains a central component of overall HYROX performance
because it represents the largest proportion of total race time. The observed changes in-
dicate that faster early-race running speeds were maintained across seasons despite the
repeated workout demands. However, the present data do not allow conclusions regard-
ing the physiological sustainability or tactical superiority of any specific pacing strategy.
Furthermore, the reduction in roxzone times underscores the importance of optimizing
deceleration, orientation, and movement sequencing, as greater consistency in these ele-
ments can accumulate into meaningful competitive advantages. One of the most notable
trends was the change in running split-time profiles across seasons. While early seasons
were characterized by a distinctly positive pacing pattern, more recent seasons displayed
progressively flatter profiles. In 2024, the pacing trend remained positive but was notably
smoother and more uniform compared to previous years. This pattern is consistent with
a more even distribution of running performance across race segments [20,21], although
the present study cannot determine whether this change was due to improved pacing
ability, greater race familiarity, athlete selection, or other unmeasured factors. However,
when breaking down the structure of the event, it becomes evident that HYROX includes
eight running segments, eight workouts, and a roxzone that also involves running. Of
the eight workouts, two correspond to ergometer-based tasks, which in practice results in
six strength-endurance stations and a total of eleven efforts with a high aerobic component.
This distribution reinforces the predominantly aerobic nature of the competition and high-
lights the need to train the capacity to sustain high performance during intermittent efforts
of aerobic character. Collectively, these findings underscore the progressive development of
elite HYROX performance standards, with improvements not only in completion times but
also in the distribution of performance across race components. These findings also con-
tribute to the growing body of evidence describing performance evolution in HIFT-based
competitive formats.

5. Conclusions
This repeated cross-sectional analysis of annual Top 50 PRO MEN HYROX perfor-

mances from 2018 to 2024 shows a clear improvement in elite performance standards across
seven competitive seasons. Total race time decreased by more than 20%, with significant
reductions in workout time, running time, and roxzone time. The largest time reductions
were observed in Wall Balls, Sled Pull, and Farmer’s Carry, whereas Run 8 showed the
greatest reduction among running segments. These findings indicate that performance
improvements occurred across all measured race components, particularly in selected work-
out stations and later running segments. However, because the study was based exclusively
on publicly available split-time data, the physiological, biomechanical, and training-related
mechanisms underlying these changes cannot be determined. Overall, the results provide
descriptive benchmarks for coaches and athletes and highlight the need to prepare for the
combined running, workout, and transition demands of elite HYROX competition.
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6. Limitations and Practical Implications
Although this investigation provides an extensive seasonal evaluation of elite HY-

ROX performance, several methodological considerations must be acknowledged. First,
although some athletes appeared in more than one season, the study was designed to
compare annual Top 50 performance cohorts rather than individual athlete trajectories.
Consequently, the findings describe changes in elite performance standards across sea-
sons and should not be interpreted as evidence of within-athlete longitudinal adaptation.
Second, despite the event’s standardized structure defined by fixed exercises, prescribed
loads, and a consistent sequence venue-specific characteristics, such as track layout, surface
material, number of directional turns, and environmental conditions, may have introduced
residual variability. Differences in circuit configuration, transition areas, and environmental
conditions such as temperature and humidity may also have influenced performance out-
comes. Therefore, part of the variability observed between seasons may reflect differences in
competition settings rather than athlete-related factors alone. These contextual differences
could influence pacing regulation, running economy, and perceived exertion, particularly
within the running and roxzone segments. Third, performance in the sled push and sled
pull stations is especially sensitive to surface-dependent resistance, which can fluctuate due
to variations in friction, humidity, and carpet wear. Although official loads are standardized
(202 kg for the sled push and 153 kg for the sled pull), the effective mechanical demand
likely differed across venues. The absence of instrumented sled systems or standardized
resistance measurements limits the precision of these assessments and may obscure the
true magnitude of performance improvements across seasons. Furthermore, although the
combined distance for running and roxzone remains nominally constant (8.7 km), minor
discrepancies in individual segment lengths are inevitable. The first running segment tends
to be slightly longer due to initial course design, whereas the final segment often extends
until entering the Wall Ball station. Consequently, pacing and split-time data should be
interpreted with caution. Finally, the analysis focused exclusively on the top 50 PRO MEN
athletes, which enhanced data consistency but represents an important limitation because
female athletes were not included. Therefore, the present findings cannot be directly gen-
eralized to women, as sex-related differences in pacing strategy, running and workout
distribution, physiological responses, and performance development across years may
exist. Future studies should examine whether similar temporal trends are present in PRO
WOMEN athletes, as well as in age-group and recreational divisions.

Looking forward, future research should integrate physiological, biomechanical, and
environmental parameters to better characterize the factors associated with elite HYROX
performance. The implementation of real-time monitoring technologies including wear-
able metabolic sensors and instrumented sleds would enable more accurate assessments
of workload distribution and mechanical efficiency. A key methodological factor for fu-
ture analyses will be the change in competition carpets introduced from the 2025 World
Championships onward. This modification may substantially alter surface friction and,
consequently, the mechanical resistance experienced during the sled push and sled pull
stations. From this point forward, temporal comparisons with previous seasons must
account for this technical discontinuity, as apparent improvements in sled-related split
times may partially reflect altered surface properties rather than athlete-related perfor-
mance changes. From an applied perspective, training design should align with both the
integrated physiological demands of HYROX and the individual metabolic profiles of each
athlete. Given that the event comprises eight running segments, eight functional workouts,
and transitional roxzone phases, most of which involve a substantial aerobic component,
the present findings are consistent with the importance of aerobic capacity for successful
HYROX performance. However, the study design does not allow identification of the spe-
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cific physiological determinants responsible for the observed performance improvements
across seasons. Nevertheless, maintaining performance across repeated workout stations is
also likely to be important to avoid excessive decrements in overall race performance. At
the elite level, where marginal gains may influence competitive outcomes, coaches may
consider balancing aerobic endurance, strength-endurance, and recovery-oriented training
strategies when preparing athletes for HYROX competition. HYROX thus represents a
complex hybrid competition format that combines repeated running, functional workout
stations, and transition phases, requiring athletes to maintain high performance across
multiple race components.
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