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1. Introduction

Durability is the ability to produce high
power outputs after accumulated load (at the
end of a race), which has been shown to be an
important success factor in professional road
cycling (van Erp et al. 2020; Leo et al. 2021;
Mateo-March et al. 2022; Muriel et al. 2022).
Gross efficiency (GE), fat oxidation (FATox)
and carbohydrate oxidation (CHOox) have
been proposed as underlying physiological
factors for durability, as changes have been
shown to be related to a decrease in
performance after accumulated load
(Noordhof et al. 2020; Passfield & Doust,
2000; Stevenson et al. 2022), although there is
much debate on this topic. Therefore, the aim
of this study is to investigate durability and
the underlying physiological factors in semi-
professional cyclists. Secondly, this study
investigates how durability and certain
physiological factors changed during a
cycling season.

2. Materials and Methods

In total, 16 semi-professional cyclists
(10min PO: 379+22 W) visited the lab on 3
occasions: Start of pre-season (PRE), start of
race season (START), and halfway into the
race season (IN). Testing days included: a
warm-up at 55% of VO2peak power at which
GE, FATox and CHOox were determined,
followed by a 1Imin and 10min time trial to
measure  power output  (TTIminsesh,
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TT10mingesh). After 3hours of endurance
training (31+5 KJ/kg) the same protocol was
repeated to investigate the influence of
accumulated load on  performance
(TTlminfatigeea and  TT10minftigeed) and
physiological parameters (GE, FATox and
CHOox). Differences between PRE vs START
vs IN and fresh vs fatigued were investigated
using a mixed-effects multilevel model.
When significant (p<0.05) main effects
occurred, Bonferroni post-hoc was executed
for pairwise comparisons.

3. Results

No differences were found between
TTlminfesh at PRE, START and IN and
TTlminfatigrea at PRE, START and IN,
however TT1minsesh was significantly higher
than TT1minfaigued at PRE, START and IN
(figure 1). TT10minfesh did not differ from
TT10minftigued on all occasions, however,
both TT10minfesh and TT10minfatigued wWere
lower at PRE compared to START and IN
(figure 1). CHOox (PRE and START) and GE
(START) were lower in fatigued compared to
fresh state, while FATox was higher in
fatigued compared to fresh (PRE and
START). In addition, GEfesh was higher at
START and IN compared to PRE, while there
was a decrease in FAToXfatigued from PRE and
START to IN. Lastly, an increase was noted
from PRE to START in CHOoXatigued and PRE
to IN in GEfatigued and CHOo0OXatigued.
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Figure 1: Changes in power output before and
after accumulated load during a cycling season.
Abbreviations: PRE, Start of Pre-season; START,
start of race season; IN, halfway into the race
season

4. Discussion

This study is to the best of the authors
knowledge, the first to present the changes in
power output, gross efficiency and substrate
oxidation before and after accumulated load
during a full cycling season.

Performance over short efforts (TT1min)
is affected by fatigue but doesn’t improve
from PRE to IN. Performance over longer
efforts (TT10 min) is not significantly affected
by accumulated load, however, improves
throughout the season (from PRE to IN). As
the total load at the beginning of the fatigued
test was + 40 KJ/kg, it could be suggested that
the protocol in the current study was not
fatiguing  enough, with decline in
performance in professional cyclists found
after 50 KJ/kg (van Erp et al. 2020). However,
other studies already found an earlier decline
in performance (Leo et al. 2021; Mateo-March
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et al. 2022; Muriel et al. 2022). Also, previous
studies are based on race data. As not only
the accumulated load, but also the intensity
of that load plays a role in an impaired
performance after exercise (Vermeire et al.
2023), it could be suggested that the intensity
of the races was higher as compared to the
controlled environment in the current study.

Not only the load, but also intensity
plays a role in an impaired performance after
exercise

Gross efficiency was not affected by the
accumulated load in the current study, which
is in contrast with previous research
(Noordhof et al. 2020; Passfield & Doust,
2000) . As the level of the cyclist in the current
study is higher as compared to previous
research, it could be argued that the protocol
was not fatiguing enough to result in a
decreased efficiency. However, GE seems to
improve throughout the season (from PRE to
IN).

Substrate oxidation changes after
accumulated load with FATox increasing
and CHOox decreasing, as in line with
previous research (Stevenson et al. 2022).
However, this difference diminishes from
PRE to IN, because of higher CHOox and
lower FATox after accumulated load. It could
be suggested that this shows a better
durability during the season compared to the
pre-season and that the ability to maintain
CHOox high in fatigued state results in better
performance (although not significant).
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