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Abstract

Background Ultra-endurance events are gaining popularity in multiple exercise disciplines, including cycling. With
increasing numbers of ultra-cycling events, aspects influencing participation and performance are of interest to the
cycling community.

Main body The aim of this narrative review was, therefore, to assess the types of races offered, the characteristics of
the cyclists, the fluid and energy balance during the race, the body mass changes after the race, and the parameters
that may enhance performance based on existing literature. A literature search was conducted in PubMed, Scopus,
and Google Scholar using the search terms‘ultracycling, ‘ultra cycling; ‘ultra-cycling, ‘ultra-endurance biking; ‘ultra-
bikers'and ‘prolonged cycling’ The search yielded 948 results, of which 111 were relevant for this review. The studies
were classified according to their research focus and the results were summarized. The results demonstrated changes
in physiological parameters, immunological and oxidative processes, as well as in fluid and energy balance. While the
individual race with the most published studies was the Race Across America, most races were conducted in Europe,
and a trend for an increase in European participants in international races was observed. Performance seems to be
affected by characteristics such as age and sex but not by anthropometric parameters such as skin fold thickness. The
optimum age for the top performance was around 40 years. Most participants in ultra-cycling events were male, but
the number of female athletes has been increasing over the past years. Female athletes are understudied due to their
later entry and less prominent participation in ultra-cycling races. A post-race energy deficit after ultra-cycling events
was observed.
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Conclusion Future studies need to investigate the causes for the observed optimum race age around 40 years of age
as well as the optimum nutritional supply to close the observed energy gap under consideration of the individual race
lengths and conditions. Another research gap to be filled by future studies is the development of strategies to tackle
inflammatory processes during the race that may persist in the post-race period.

Key Points
« The optimal ultra-cycling race age is around 40 years.

- Performance-related factors were the most investigated topic of ultra-cycling studies.
- There is a lack of information about strategies to tackle inflammatory processes during ultra-cycling events.

Keywords ultra-cycling, Race across America, Endurance, Performance

and more than six hours for time-limited events [1] and
ultra-triathlons as any race longer than the Ironman-
distance triathlon (3.8 km swimming, 180 km cycling and
41.195 km running). In contrast, there is no compara-
tively precise definition of ultra-cycling. The Worldwide
Ultracycling Association (WUCA) defines time-limited
cycling races as those encompassing a challenge of at
least six hours duration [1-3], while distance-limited
events must stretch over at least 125 miles (200 km)
and be completed in a single effort to be considered as
an ultra-competition [3]. Thus, the definition of ultra-
cycling is similar to that of ultra-running for time-limited
events, whereas it differs for distance-limited events due
to the faster nature of cycling compared to running.

Such ultra-endurance events have gained increasing
popularity during the past 25 years due to the rise of
master athletes [4] and the participation of female ath-
letes [2, 5]. Nowadays, ultra-cycling competitions are
offered around the globe in varying time and distance
formats [6]. Moreover, due to geographical differences
between the countries in which such races take place,
the elevation and distances above sea level vary as well
[6]. Possibly the most famous road ultra-cycling event at
the moment is the Paris-Brest-Paris race [7]. The ‘Race
Across America’ (RAAM) in the United States is cur-
rently the longest non-stop road ultra-cycling event [8].
It stretches over 4,800 km and has been taking place for
over 40 years [9, 10]. The Death Ride in the United States
is a 103 miles long road race with 14,000 feet of eleva-
tion (www.deathride.com) and ranks among the toughest
races in the world. The Transcontinental Race self-sup-
ported ride across Europe with a distance of roughly
4,000 km, the Dragon Devil in Wales (320 km, almost
5,000 m of climbing), the Dirty Kanza XL (563 km,
4,500 m of elevation in Kansas), and the Mallorca 312
(312 km, 5,050 m elevation) are also considered as some
of the most challenging ultra-distance cycling races on
the planet (www.redbull.com/mea-en/worlds-tough-
est-endurance-cycling-events). The Great Divide (Tour
Divide) is a mountain bike self-supported non-stop race
with a 4,418 km distance from Canada to Mexico, the
longest mountain bike race in the world. A non-stop and

self-supported bicycle race held in Europe is the Trans-
continental race, in which 4,000 km need to be covered
(https://www.transcontinental.cc/about). Nowadays, the
Silk Mountain Bike Race is considered the world’s hard-
est mountain bike race, an unsupported race in the Kyr-
gyzstan mountains with a length of 1,155 miles (www.
silkmountainrace.com). The toughest winter races in the
world are the Iditarod Trail Invitational race which takes
part in Alaska where the participants travel along the
historic Iditarod Trail on bicycle, foot, or skis (https://
itialaska.com/iti-350) and the Arctic Circle Winter races
in the fatbike category in the Finnish Lapland (http://
www.arcticraces.com). The world’s toughest mountain
bike races are La Ruta de los Conquistadores in Costa
Rica with 29,000 feet of climbing over five mountain
ranges and a 12,000-foot volcano (http://www.racelaruta.
com) and the Trans Pyr in Spain involves eight days, 509
miles and over 66,601 feet of climbing (www.transpyr.
com). Another mountain bike off-road ultra-cycling
event is the Cape Epic mountain bike race, which entails
a 16,650 m elevation gain and 624 km. In comparison,
the road race RAAM includes the longest elevation gain
with a 53,000 m climb along its course [8]. Among the
world’s toughest mountain bike events, we can also list
the Crocodile Trophy in Australia (eight days, 404 miles
and 13,000 m of elevation), the Yak Attack in the Himala-
yas (10 stages, 310 miles and 15,000 m of elevation), the
Iron Bike in Italy (seven stages, 435 miles, 22,000 m of
overall climb) or the Tour d’Africa (90 stages, 7,450 miles,
71,564 m of overall climb).

Due to the increasing interest in participation in ultra-
cycling races, numerous studies have been published in
recent years addressing various aspects of such races,
including the geographical differences between races,
anthropometric characteristics of ultra-cycling partici-
pants, age- and sex-related differences between cyclists
[2, 11] and methods to describe heart rate, exercise inten-
sity and pacing [12-18]. In addition, research has been
conducted on nutritional considerations [19-21], water
and electrolyte disturbances during a race and rehydra-
tion [20, 22, 23], hematological and biochemical param-
eters [22, 24, 25], factors impacting on the performance
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(e.g., training status, fatigue and psychological parame-
ters) [19, 26], and immunological and hormonal changes,
in such a race [27, 28]..

Main Text

Aim

To date, there is no comprehensive literature review
available on this topic summarizing the findings of such
studies on ultra-cycling. Therefore, the aim of the present
narrative review was to provide an overview of the avail-
able data and summarize the available information on
ultra-cycling events and the participating cyclists. Topics
of interest were geographic aspects of ultra-cycling races,
characteristics of ultra-cyclists, age and sex differences,
nutrition, fluid balance, body mass loss, and performance
enhancement. The information provided can be useful
for athletes and coaches to better delineate training strat-
egies for ultra-cycling events.

Methods

Database and search strategy A literature search was con-
ducted in three databases: Scopus (https://www.scopus.
com/home.uri), PubMed (https://pubmed.ncbi.nlm.nih.
gov/), SPORTDiscus (https://www.ebsco.com/products/
research-databases/sportdiscus), and Google Scholar
(https://scholar.google.com/). The search terms used
were ‘ultracycling, ‘ultra cycling; ‘ultra-cycling, ‘ultra-
endurance biking; ‘ultra-bikers’ and ‘prolonged cycling’
and the search was conducted on December 31st, 2022.

Table 1 Studies identified in PubMed and Scopus categorized
by area of interest

Topic of interest Number of References
studies

Geography/location 12 [9, 29-39]

Characteristics of ultra-cyclists 25 [2,4,9, 28,33,
40-57]

Age differences 8 [14, 30, 58-63]

Sex differences 15 [23, 30, 38, 53,
59,62, 64-72]

Nutrition 16 [73-90]

Fluid/mineral balance and rehydration 13 [23,32,
91-101]

Body mass changes 14 [11,22,23,27,
43,44,56,91,
102-107]

Performance, physiology, hematological 41 [10, 13, 24, 26,

and biochemical parameters; thermo- 34-36,52, 106,

regulatory and humoral responses, 108-139]

injury, and performance enhancement,

oxidative damage

Endocrine responses 4 [35,119, 120,
140, 141]

Cardiac function, exercise intensity and 15 [12-18, 100,

pacing, power output, VO,max 142-148]
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Using this search strategy, 948 studies were identified,
with 93 results in PubMed, 21 results in Scopus, 101
studies in SPORTDiscus, and 733 in Google Scholar. In
Google Scholar, the search term ‘ultra-endurance cycling’
yielded no results, while ‘prolonged cycling’ yielded
15,900 results and was therefore deemed too unspecific
and omitted from the Google Scholar search. Ten of the
21 studies identified in Scopus were duplicates of stud-
ies that had been already identified in PubMed. All 97
studies identified in PubMed and all 21 studies identi-
fied in Scopus were also identified using Google Scholar.
All studies identified in SPORTDiscus had already been
identified in PubMed and GoogleScholar. Two of the
studies found in Scopus were excluded, because one was
not available in either English or German, and the other
was entirely off-topic.

Study Eligibility

In addition to relevant studies listed in these databases,
an online search was conducted for ultra-cycling events
and road races around the world that meet the WUCA
definition of ultra-cycling but may not have been identi-
fied in the scholarly databases. Studies published in Eng-
lish or German were considered. Studies focusing on a
topic other than ultra-cycling were excluded, as were
studies published in other languages. Studies reporting
on triathlons, which typically entail a cycling distance of
40 km (standard triathlon) or 180 km (Ironman), were
excluded, but ultra-triathlons covering a cycling distance
of >200 km in a single event were included, as these races
qualify as an ultra-cycling event according to the WUCA
definition.

Following the literature search, the relevant studies
identified in the three databases were categorized based
on their research focus according to the main topics
of interest of the present narrative review: geographic
aspects of ultra-cycling races, characteristics of ultra-
cyclists, age- and sex-differences, nutrition, fluid balance,
body mass loss, and performance enhancement (Table 1).
Several studies focused on two or more of the areas of
interest and are therefore listed twice or more frequently
in each corresponding category of Table 1.

For each area of interest, the studies were accessed in
full text, summarized, and the results compiled in the
narrative review.

Results

Race Locations and Geographical Aspects

A total of 26 studies were identified in the search focus-
ing on a particular race or a particular location. These
specific races and the countries in which they took place
are summarized in Table 2.
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Table 2 Studies assessing races in different geographical regions

Country Event Distance Reference
and
elevation
USA RAAM 4,800 km, [9, 36,90,
25,000 m 138, 139,
elevation 149]
France and Paris-Brest-Paris and 600-720 km  [46]
Switzerland RAAM qualifiers in
Switzerland
France Paris-Brest-Paris 1,230 km [141]
Spain Vuelta a Espana 3,431 km [15,16,
142, 145]
France Tour de France 3,500 km [16, 26,
106, 128,
142,145,
146]
France Paris-Roubaix 256,6 km [150]
[taly Giro d'ltalia 3,448 km [100, 131,
132,142
Italy Milano-Sanremo 294 km, [15171*
2,000 m
elevation
Switzerland Swiss Cycling Marathon 720 km, [30, 32]
4,700 m
elevation
Belgium Tour of Flanders 237 km [150,152]
Belgium E3 Saxo Bank Classic 203 km [150]
Belgium Liege-Bastogne-Liege 259 km [150]
Netherlands Amstel Gold 240 km [153]*
Denmark - Italy ~ Copenhagen-Palermo 3,000 km [63]
New Zealand K4 cycle race 387 km [89, 101]

Note: USA (the United States)

*Race found by online search, no scientific study pertaining to results of this
race was identified

The Ultra-Cyclist

Seventeen studies were identified that focused on the
characteristics of ultra-cycling athletes (Table 3). In
the beginning of ultra-cycling competitions, most par-
ticipants were US nationals as the RAAM was the most
competed in race [154]. With an increasing number of
races taking place in Europe, the number of European
participants in ultra-cycling races has also increased
[154]. In a study investigating participation and perfor-
mance trends in both an American qualifier (i.e., the Fur-
nace Creek 508) and a European qualifier for the RAAM
(i.e., the Swiss Cycling Marathon) and the RAAM itself,
the characteristics of the participants and their perfor-
mances were assessed [154]. Using a linear regression
and variance analysis, it was shown that the races were
very selective in terms of the number of racers participat-
ing and, ultimately, the resulting finishers. On average,
~41% of participants did not finish either the RAAM or
the Furnace Creek 508, whereas ~26% did not finish the
Swiss Cycling Marathon, with ~26-40% of all starters
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not finishing the race [154]. Thus, the high rates of non-
finishers highlighted the demanding nature of ultra-
cycling races.

An overview of the participants in the identified pri-
mary studies is provided in Table 3, comparing cyclists’
characteristics such as age, sex, and training volume.
Based on the existing literature incorporating the charac-
teristics of ultra-cyclists, it appears that they are predom-
inantly male and typically between 35 and 45 years old.
Moreover, Swiss, German, and Scandinavian nationals
dominate in European races, whereas North American
cyclists are predominant in the RAAM [8, 31, 33, 40, 41,
154]. Compared to other individual ultra-disciplines like
running or swimming, ultra-cyclists are slightly younger,
have a slightly higher body mass index (BMI), and focus
more on training volume than training intensity [44, 45].

The Aspect of Age in Ultra-Cycling Performance

Eight of the identified studies focused on the age of the
cyclists as a potential factor of ultra-cycling performance
(Table 1). Allen et al. compiled a systematic review and
meta-analysis on the age of elite athletes at the peak of
their performance [58]. They also included two studies
on cycling events, one of which detailed the age of per-
formers at the ultra-cycling events Furnace Creek and
Swiss Cycling Marathon [154]. Allen et al. noted that the
top performers in ultra-cycling events were on average
38 years old and thereby the oldest compared to the top
performers in all other assessed sports, including mara-
thon runners [58]. Knechtle et al. assessed whether the
age of Ironman triathletes influences their performance
and found that the younger athletes (18 to 40 years) were
significantly slower in the cycling component of the event
compared to the older age groups (>50 years), while they
were faster in the running and swimming events and had
a shorter transition time [59].

A potential reason for this observation could be that
the cycling performance declines relatively more slowly
than the swimming performance [155]. Moreover, older
athletes participating in ultra-races achieve a more even
pacing compared to their younger competitors [59].

Lepers et al. analyzed the performance of participants
in the Ironman Hawaii relative to their age at the time of
competition [60]. Male and female finishers were catego-
rized by their age and the performance of the top ten fin-
ishers in each group was evaluated over 15 years. During
this period, a relative increase in athletes aged 40 years or
older was observed, while a declining trend was noted for
the age groups under 40 years. In addition, a trend was
noted towards a continuously improving performance of
the top finishers aged 45 years or older, and the sex differ-
ences in the top ten performers decreased with increas-
ing age, in that the finishing times of the best ten male
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Table 3 Characteristics of cyclists participating in ultra-cycling events
Event Year Participants References
Cycling events
Czech Championship 24-h 2013 Female winner, 46 years old, 15 years active, 12 finished ultra-races, 12 h training/week [40]
mountain biking race
Copenhagen-Palermo 2022 Comparison of two age groups (3045 years and 65+ 6 years) in terms of metabolic and physi- [63]
ologic parameters
RAAM 2021 Male winner of RAAM, 75.2 h and 2,532 km completed as part of a team, average speed [139]
35.9 km/h, average power 210 W, average heart rate 121 bpm
RAAM qualifier in Switzer-  2007-  Paris-Brest-Paris qualifier: mean age 45.2 years, BMI 24.2 kg/m?, higher training volume; RAAM [46]
land and Paris-Brest-Paris 2009 qualifier: mean age 41.4 years, BMI 23.4 kg/m?, higher training intensity
qualifier
RAAM 2018 (?) 4 female cyclists, 4 male cyclists, 7 male crew members, 1 female crew member, changes in physi-  [9]
ological, psychological & perceptual parameters throughout the race in cyclists
Otztal ultra-cycling race 1999 Single case study, male athlete, 36 years old, BMI 22 kg/m?, 12,000 km training in the year of the [49]
race
RAAM 2019 (7))  Single case study, female non-athlete, training from sedentary lifestyle to ultra-event (28]
24 h time-limited, self- 2022 Single case study of the biophysical characteristics of a male ultra-cyclist with two world records [57]
paced road race events in ultra-cycling events
Cape Argus Cycling Tour 2012 Differences between mountain bikers and road cyclists in ultra-races in terms of motivation to [55]
and Cape Epic participate and behavior
Ultra-triathlons
Double, Triple, and Deca 1985to Increase in overall number of finishers for Double (360 km cycling) and Triple (540 km cycling) [42]
[ron 2009 races, Deca (1,800 km cycling) finishers stable, women relatively slower than men with increasing
length
Triple Ironraces vs. ultra- ~ 2007-  Cyclists participating in triple triathlons (540 km cycling) are younger, have a higher training [44]
marathon races 2009 volume, and have higher body mass than runners
Ironman and Triple Iron- 2007-  Ironman participants vs. Triple Ironman (540 km cycling) participants, 49 different nationalities, [45]
man races 2009 ultra-athletes with higher BMI, shorter stature, and larger training volume
Double Iron ultra-triathlon  1985—  European participants in ultra-triathlons (360 km cycling) have faster finishing times than North (50]
2010 American athletes
Ultra-triathlon races 1985- Influence of experience on performance in longer ultra-triathlons (360 km, 540 km, 900 km, or [47]
2014 1,800 km cycling)
Triple Iron ultra-triathlon 1988-  Proportionally more of the female participants finished triple iron ultratriathlons (540 km cycling) — [51]
races 2011 than of the male participants, race time decreased for men, increased for women
Ultra-triathlon race 30 years' Two male athletes with 30 years'experience in ultra-triathlon races (360-540 km cycling), > 60 [52]
time years of age, performance decline highest for running discipline
span
Ultra-triathlon race 1985-  Fastest participants in ultra-triathlons (360 km, 540 km, 900 km, or 1,800 km cycling) are from [53]
2018 Germany, France, and Switzerland; few North Americans competing in European races; less time

for swimming and cycling, more time for running with increasing length of race

and female performers became more and more similar
over the course of time.

Nikolaidis et al. assessed the age of peak performance
of men and women participating in an ultra-distance
duathlon, the Powerman Zofingen [61]. To do so, the
authors divided the participants into age groups of five
years and measured the effect of age on race time and on
the type of race (short versus long version). The results
showed that age affected the performance times in both
the short and the long races, with younger athletes (25 to
29 years) completing the race significantly faster than the
oldest athletes (70 to 74 years). Of note, the age of peak
performance in the longer run (33 years) was higher than
that in the shorter version (22 years) of the race, indi-
cating that the older athletes performed well at a higher
age in longer endurance competitions compared to the

shorter distances. An explanation of this finding might be
the accumulation of training and sport experience allow-
ing the participation in longer races for older athletes.
Pozzi et al. investigated the age of peak performance of
participants in a 24-hour ultra-cycling event in Switzer-
land over a 10-year period [156]. It was observed that the
age of peak performance did not significantly change for
male athletes over this period, but significantly decreased
for females and for the overall participant pool. In turn,
the achieved cycling distance was reduced with the
increasing age of the athlete, and a significant effect of
age on the performance was noted. The most successful
participants were between 35 and 39 years old. Zingg et
al. focused on the influence of age on the performance of
participants in the Swiss Cycling Marathon and observed
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similar ages of the top performers, with an average of 35
years for men and 38 years for women [30].

The focus of a study by Wundersitz et al. was the physi-
ological parameters during an ultra-cycling race relative
to the age of the athletes [14]. The main outcome was
the incidence of cardiac arrhythmias after the race. The
results showed an overall increase in the incidence of
cardiac arrhythmias, a decrease in aortic valve maximum
velocity, and a slower mitral valve deceleration time. The
incidence of cardiac arrhythmias was highest in the older
age groups (45 years or older), rendering this group par-
ticularly susceptible to cardiovascular events during an
ultra-cycling race.

Frandsen et al. conducted a 15-day intervention in
which cyclists completed 3000 km over a time period of
15 days [63]. Before and after the intervention, VO, ..,
lipid parameters (resting plasma fatty acids, low density
lipoprotein (LDL)-cholesterol, CD36, fatty acid binding
protein/FABP), proteins involved in glucose metabo-
lism (glucose transporter 4/GLUT4, SNAP23), and reac-
tive oxygen species production were compared between
younger (average age=30 vyears) and older (average
age=65 years) participants. The results demonstrated
that the adaptive response of younger cyclists was supe-
rior to that of older cyclists. Older cyclists exhibited
impaired adaptation of their cardiovascular function
due to the decreased adaptive response of metabolic
parameters.

Summarizing the studies on the influence of age on
performance in ultra-cycling events, it can be concluded
that the highest performance is achieved in the mid-
to late thirties, and that the finishing time decreases
from the age of 40 years secondary to increased cardiac
arrhythmia and decreased adaptation. In light of this
observed decline in performance, metabolic and physi-
ological problems occur more frequently in cyclists aged
40 or older, which likely contributes to a slower finishing
time.

Sex as a Factor in Performance

A total of 15 studies were identified that focused on sex
differences between cyclists participating in ultra-cycling
events.

Knechtle et al. analyzed the participants in Double,
Triple, and Deca Iron ultra-triathlons over 25 years and
found an overall decrease in the speed of female racers
with increasing length of the race, which was not the case
for male participants [42]. The number of female partici-
pants increased steadily from the first race held in 1985.
The finish rate was higher for women than for men in
the Double and Triple Iron ultra-triathlons, with 79.6%
of men and 84.7% of women finishing the Double Iron
ultra-triathlons and 71.7% of men and 77.0% of women
finishing the Triple Iron ultra-triathlons. In turn, only
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55.5% of female participants in the Deca Iron ultra-tri-
athlons completed the race, while 82.9% of male partici-
pants finished these races.

For all three races, women took longer to complete
the race. Comparing the best performance times of
male and female participants, women required 21.2%
more time than men to complete the cycling compo-
nent of Double Iron ultra-triathlons, 23% more time than
men to complete the cycling component of Triple Iron
ultra-triathlons, and 19.4% more time to complete the
cycling component of Deca Iron ultra-triathlons. These
sex-related differences in performance times could be
explained by anthropometric differences, e.g., the higher
fat mass and lower skeletal muscle mass of women com-
pared to men.

In contrast to the observation of these studies that the
participation of female athletes in ultra-races increases,
Riist et al. observed that the number of male participants
in Triple Iron ultra-triathlons significantly increased
over a 13-year period, while that of female participants
remained stable [51]. Moreover, in contrast to the study
on the Norseman Xtreme race, the sex gap in terms of the
finishing time increased over time from 10 to 42%. The
authors speculated that this may be due to a diminished
importance of the finishing time for women due to social
factors.

Lepers and Stapley investigated the issue of sex differ-
ences in performance of participants in ultra-races and
summarized the sex performance gap as 10% [4]. They
identified physiological differences between men and
women as potential factors influencing this performance
gap, including the larger VO,max of men, lower body fat,
greater muscle mass, and a greater hemoglobin concen-
tration [4]. The authors noted that due to these physiolog-
ical differences, biological factors are not responsible for
the observed change in performance over time, i.e., the
observed changes in the differences between women and
men. They identified age as a potential factor to increase
the sex gap, because less women participate in ultra-
races in the higher age groups and, hence, fewer regular
competitors are found among the female participators.
Moreover, social factors may have prevented female par-
ticipants from achieving their peak performance.

Scheer assessed participation trends in different ultra-
races and identified an overall low participation of female
athletes in ultra-cycling events, ranging between three
and 11% [2]. It was noted, based on the existing research,
that the proportion of females participating in ultra-
cycling event is lower than in ultra-marathon running
events [2]. In conclusion, sex-related differences in both
the participation rates and performance in ultra-cycling
events have been noted.
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Fluid and Electrolyte Balance and Rehydration

Twelve studies were identified in the literature search
that focused on fluid and electrolyte balance and rehy-
dration during an ultra-cycling event. Hyponatremia
is defined as a sodium serum level below 135 mmol/l.
Sodium serum levels below 120 mmol/l can cause neu-
rological symptoms due to cerebral edema [157]. When
sodium serum levels decrease below 110-115 mmol/l,
respiratory failure due to cardiopulmonary decompen-
sation may occur [158]. Different etiologies have been
described for hyponatremia, including side effects of cer-
tain pharmaceuticals and systemic causes [159]. In terms
of sporting events, hyponatremia correlates with sodium
loss throughout a race, and this phenomenon is called
exercise-associated hyponatremia (EAH) [160]. EAH
occurs in intense training or competition with prolonged
intense exertion for four to six hours or longer and is thus
a concern for athletes participating in ultra-events [161].

Before EAH was conceptualized, athletes were gener-
ally recommended not to drink during an exercise, which
led to hypernatremia [162]. Consequently, the American
College of Sports Medicine unfortunately recommended
drinking as much as possible during exercise to offset
hyponatremia, thereby increasing the incidence of EAH
in athletes due to fluid overload [162, 163]. In order to
find a balance between hypo- and hypernatremia, fluid
intake before, during, and after a race should be moni-
tored to reach an optimum hydration status [164].

The literature search identified 11 studies focusing on
fluid and electrolyte balance and rehydration during an
ultra-cycling event. Moyen et al. conducted a study to
determine the effect of the hydration status of partici-
pants in ultra-cycling events on their pain and mood [97].
They observed that throughout a race, fatigue, thirst,
pain, thermal sensation, and exertion increased, while
tension and vigor decreased. A comparison of dehydrated
participants with those not suffering from dehydration
showed that dehydration led to a stronger sensation of
fatigue and pain at the beginning and in the middle of the
race, whereas the hydration status did not affect any of
the parameters after the race. Overall, dehydration was
linked to more pain, fatigue, thirst, and thermal sensation
compared to euhydration, while there was no significant
effect of urine-specific gravity on the mood stage.

Black et al. assessed the fluid balance of ultracyclists
participating in a 387-km race by analyzing blood and
urine samples before and after the race [101]. Low blood
sodium concentrations of 135 mmol/L were measured
after the race, while dehydration only affected 2 of the 18
participants. The authors concluded that hyponatremia
rather than dehydration is an issue that needs to be con-
sidered in the context of fluid balance of ultracyclists.

In a meta-analysis by Goulet and Hoffman, the effect
of an ad libitum fluid intake during endurance events
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was compared to consumption of a pre-defined amount
of liquids in terms of the participants’ performance [93].
Three studies on endurance cycling events were included
in the analysis, and while none of these studies focused
on ultra-races, an overall beneficial effect of liquid intake
on pacing was noted, while an effect on performance
was only observed for prescribed drinking and not for
ad libitum intake [165—167]. It remains to be determined
whether similar effects of the fluid intake can be observed
for ultra-races. One study by Gauckler et al. investigated
whether the drinking pattern during ultra-cycling races
has effects on the incidence of edema [92]. A correla-
tion between fluid intake pattern during the race and the
occurrence of kidney-related symptoms, occurring in
two-thirds of the participants, was determined. In this
context, drinking as much as possible was positively cor-
related with the incidence of kidney-related problems
and edema, while drinking according to the need based
on the environmental conditions during a race showed a
negative correlation with kidney-related symptoms and
edema. These findings point towards an advantage of
controlled fluid intake during an ultra-cycling event to
prevent occurrence of limb swelling.

Chlibkova et al. assessed the hydration status of ultra-
cyclists participating in mountain bike races [23]. While
no changes in lower limb volume were observed after the
race, the plasma urea level as an indicator of kidney func-
tion and water conservation negatively correlated with
the ranking of the participants in the race, but this cor-
relation was only significant for male participants.

Armstrong et al. determined the body water of par-
ticipants in an ultra-cycling event of 164 km length [91].
The authors determined that changes in body mass and
body water during the event were correlated but were
not equivalent. However, body mass loss was concluded
to be a suitable measurement to determine water loss
during such an event and may serve as a basis for fluid
replenishment.

In terms of hyponatremia during ultra-races, four stud-
ies were identified focusing on sodium levels during and
after ultra-races. Knechtle et al. reviewed available data
on the prevalence of hyponatremia and the associated
clinical presentation and found evidence for a higher
prevalence of hyponatremia in triathletes with increas-
ing duration of the event (Ironman versus Triple Iron
ultra-triathlon) [95, 98]. Moreover, a link between EAH
and fluid overload was noted. In races where cycling was
the only discipline, the prevalence of EAH appeared to be
lower than in races combining multiple disciplines [95,
99].

Nutrition, Energy Expenditure, and Performance
The literature search revealed 18 studies dealing with
nutrition during an ultra-cycling event. These articles
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could broadly be divided into four focus areas: energy
expenditure/energy balance during a race [73, 74, 78, 79,
83, 84, 90, 168], nutritional behaviour/food intake during
a race [75, 77, 86, 89], the influence of nutrition on the
performance [80, 82, 85, 141], and the breakdown of indi-
vidual nutrients [76, 81].

Energy Expenditure/Energy Balance

Barrero et al. conducted an analysis of the energy bal-
ance of ultra-endurance triathletes by assessing both
the energy of the food and fluids consumed during the
Extreme Man Salou-Costa Daurada triathlon in Spain
and the expended energy according to heart rate, oxygen
consumption, and body composition [73]. All partici-
pants were male and had been recreationally participat-
ing for at least three years in ultra-endurance events. The
average energy intake amounted to 3,643 kcal, while the
average energy expenditure was 11,009 kcal, demonstrat-
ing a significant energy deficit during the race. It was also
observed that the athletes consumed significantly more
macronutrients, solid foods, and fluids during the cycling
stage of the race than during the running stage. Body
mass significantly decreased, which was be primarily
attributed to the loss of total body water. A similar energy
deficit was observed by Bescos et al., conducting a case
study on a single cyclist participating in a 24-hour-ultra-
cycling event [74]. The athlete was male and predomi-
nantly consumed during the race solid foods rather than
sports drinks, with a total energy intake of 5,571 kcal. The
energy deficit amounted to 9,915 kcal, which was suppos-
edly met by endogenous fuel stores. These values were
similar to the energy expenditure determined for elite
Ironman athletes of 9,626 kcal per race [83].

Enqvist et al. assessed the energy expenditure of ath-
letes participating in a 800 km-adventure race with a
cycling component by determining their heart rate and
oxygen intake [78]. The average energy expenditure was
80,000 kcal, with a range of 64,000 to 114,000 kcal during
the 5-day race. During an ultra-cycling race, an energy
expenditure ranging from 10,557 kcal to 44,521 kcal was
determined in five recreational athletes [79].

Hulton et al. determined the energy expenditure of
cyclists participating in the RAAM [90]. The average
energy expenditure amounted to 43,401 kcal and the
daily energy expenditure to an average of 6,420 kcal.
Based on the daily food and fluid intake, an energy deficit
of 13,878 kcal was observed. A case report by Knechtle et
al. also focused on the energy intake and energy expen-
diture of a cyclist participating in the RAAM [168]. The
cyclist consumed 96,124 kcal in the course of the race,
with 75.2% of these calories consumed as carbohy-
drates. The energy deficiency after the race amounted
to 83,526 kcal., while it was not determined whether the
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5 kg of body mass he lost during the race were due to
protein (muscle) or fat metabolism.

A comparison of different types of ultra-endurance
events revealed that cycling and triathlon races induce
an approximately three times higher energy deficit com-
pared with ultra-endurance running events [84]. In sum-
mary, ultra-cycling events lead to an energy deficit due
to the discrepancy in energy intake and the extended
energy expenditure. The optimum nutritional supply to
close this energy gap has yet to be determined and must
be adapted to the individual race lengths and conditions.

Influence of Nutrition on Performance

In a study by Goedecke et al., the effect of supplying
athletes during an experimental ultra-cycling race with
a drink containing either carbohydrates alone or carbo-
hydrates and medium-chain triglycerides on their per-
formance [80]. The idea for this trial stemmed from the
hypothesis that in the later stages of such races, when gly-
cogen stores are depleted, lipids may serve as alternative
energy sources. Eight male athletes participated in two
trials in which one of the solutions was consumed. Per-
formance was determined as the time to complete 75 k]
and 200 K] trials. Both performance measures decreased
significantly more when the solution contained carbo-
hydrates and medium-chain triglycerides compared to
carbohydrates alone. The reason for these performance
differences could be the gastrointestinal symptoms and
delayed gastric emptying experienced after medium-
chain triglyceride consumption and the resultant heart
rate increase early in the race. The overall fat content of
the diet was a focus of a study by Rowlands and Hopkins,
who compared the effect of a diet with a high fat content
(70% of the total energy from fat) on the performance of
competitive male ultra-cyclists with that of a diet with a
high carbohydrate content (70% of the total energy from
carbohydrates) [85]. The diets were consumed for two
weeks prior to the experimental race. Performance in
the ultra-cycling event was measured during a 100 km
time trial. A trend was observed towards a better perfor-
mance in the high-fat diet group compared to the high-
carbohydrate diet group (4% improvement in time and
11.4% improvement in power output), but the difference
lacked statistical significance. Nonetheless, the difference
may have been statistically significant if the effect of both
diets on performance had been compared in an ultra-
endurance event.

The effect of carbohydrate supplementation in com-
parison with protein supplementation was assessed by
Koopman et al., who focused on the protein turnover
during an experimental ultra-endurance race with 2.5-
hour bouts of cycling and intermittent one-hour running
phases [82]. Two trials were conducted in which the same
subjects consumed either a carbohydrate solution or a
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solution that contained both carbohydrates and protein
hydrolysate. Protein turnover was measured by injecting
amino acid isotope tracers. Supplementing the drink with
protein hydrolysate resulted in an increased protein flux,
protein synthesis rate, and whole-body protein oxidation
compared to the drink containing carbohydrates only.
Individual amino acid analysis revealed differences in the
measurements of protein turnover, which in turn means
that an effect of supplementation on protein metabolism
depends on the composition of the protein hydrolysate.
These results also demonstrate that protein supplementa-
tion induces protein metabolism more than carbohydrate
supplementation and may therefore enhance perfor-
mance during an ultra-endurance race.

Geesmann et al. evaluated the effect of energy balance
of cyclists during an 1230-km ultracycling event on the
release of hormones that are involved in metabolism
[141]. They discovered that several metabolic hormones,
including leptin and testosterone, were suppressed and
remained suppressed for a 12-h-period following the end
of the race. The suppression of insulin-like growth fac-
tor-1 correlated with the energy deficit during the race
[141].

Nutritional Behaviour/Food Intake

Bescos et al. studied the nutritional intake of male
cyclists during a 24-hour-relay race in Barcelona [75].
While the athletes were encouraged to consume primar-
ily carbohydrates before the race to fill their endogenous
glycogen stores, they were allowed to consume any food
of their choice during the race. They consumed mostly
carbohydrate-rich foods and drinks during the event,
with individual variations in the in-race intakes of protein
and lipids. The intakes of sodium and caffeine increased
towards the later stages of the race.

Chlibkova et al. determined the nutritional intake
of ultra-cyclists before, during, and after a 24 h-ultra-
cycling race [77]. Two-thirds of the athletes followed a
diet rich in carbohydrates before the race, while the other
third observed a protein- or fat-rich diet regimen. During
the race, the athletes consumed 56 different foods and 16
different drinks. The most common foods were bananas,
apples, oranges, raisins, pineapple, melon, chicken, bread,
noodles, rice, biscuits, energy and muesli bars, cheese,
chocolate, tomatoes, and dried fruits, while the most
common drink was an isotonic sport drink followed by
water. After the race, the food patterns were like the in-
race pattern, with the most common foods being bread,
noodles, rice, bananas, chicken, tomatoes, and cheese.
The most common beverage was water. In a study assess-
ing the nutritional habits of participants in the RAAM,
similar foods were identified as in-race energy suppliers,
primarily bananas, chicken, and bread [87]. The most
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common post-race foods were vegetables, cheese, and
meat [87].

Wilson et al. performed an analysis of the types of sac-
charides contained in the carbohydrates consumed dur-
ing an ultra-triathlon race [86]. Saccharide content was
either measured by liquid chromatography or based on
the values reported in the US Department of Agricul-
ture Database. The proportions of glucose, fructose, and
sucrose were calculated from 80 different consumed
foods, and amounted to a median of 64%, 50%, and 10%
of total carbohydrates, respectively.

Black et al. conducted a study on the energy intake of
cyclists participating in a 384-km ultraendurance race
[89]. The cyclists reported their food and fluid intake
after the race and the nutrient composition of the con-
sumed food and drinks was assessed. The results dem-
onstrated an inverse correlation between the completion
time and energy intake, as well as a correlation between
carbohydrate and fat intake and completion time. The
authors concluded that the energy requirement during
such an ultraendurance event should be met with a high
energy intake during the race in order to achieve the opti-
mal performance.

Individual Nutrients

Two studies assessed changes in the metabolism of indi-
vidual nutrients during ultra-endurance events. Borgen-
vik et al. determined the amino acid metabolism of male
participants in an adventure race and during post-race
recovery [76]. They discovered that the plasma con-
centration of glutamine, glycine, lysine, serine, threo-
nine, and valine was diminished by the race, while the
concentration of tyrosine, phenylalanine and gluta-
mate increased. In the muscle, only lysine significantly
decreased. The post-exercise levels of branched-chain
amino acids correlated with the glycogen content of the
muscle, indicating a potential protein breakdown during
the race due to depleted glycogen stores. No significant
decreases in the amino acid levels were observed during
the recovery phase.

Konopka et al. analyzed protein synthesis in the skel-
etal muscle during the ColoradoTrail Race, an ultra-
endurance mountain bike race, and compared the data
to a control situation without normal activity [81]. The
authors discovered that protein synthesis in the skeletal
muscle was increased during the race, and indices of cel-
lular energetic stress increased.

Summarizing the results of studies focusing on nutri-
tion during ultra-cycling events, it becomes obvious that
there is a lack of studies on the nutritional behaviour and
energy expenditure of female athletes, as all the studies
were conducted with male athletes. Moreover, the ques-
tion remains whether nutrients other than carbohydrates
could enhance performance, particularly during the later
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stages of the race. At present, it remains unclear whether
in-race triglyceride or protein supplements can contrib-
ute to a faster race time.

Changes in Body Mass
The literature search retrieved 14 studies focusing on
changes in body mass during an ultra-cycling race.

Bischof et al. determined anthropometric parameters
of cyclists participating in the Swiss Cycling Marathon
[102]. Anthropometric measurements included skin-
fold thickness, limb circumferences, and body mass.
The relative proportion of body fat and muscle mass was
calculated from these measurements. The anthropo-
metric measurements were repeated at multiple check-
points throughout the race. The results demonstrated a
mean decrease in body mass by 1.5 kg and a decrease in
fat mass of 1.5 kg. Skeletal muscle mass and estimated
body water did not significantly change during the race.
Decreases in skinfold thickness were noted for all mea-
sured limbs, with the abdominal skinfold thickness neg-
atively correlating with the cycling speed. A potential
explanation for these changes includes the degradation
of subcutaneous adipose tissue in the body parts that
are used most during an ultra-cycling event, such as the
thigh and the pectoral muscles.

Chlibkovd et al. aimed at determining the changes in
body composition of ultra-cyclists during two 24-hour
races [23]. Anthropometric measurements included skin-
fold measurements, limb circumferences, fat and muscle
mass, body mass, as well as body water. Moreover, the
changes in foot volume were assessed by plethysmog-
raphy to determine the presence of edema. Changes
in body mass correlated negatively with the distance
covered during the race and positively with their over-
all ranking. The ranking also correlated positively with
changes in fat mass and negatively with fluid intake. The
absolute changes in body mass and fat and muscle mass
were calculated separately for male and female partici-
pants. Male participants lost an average of 2.0 kg of body
mass, 1.4 kg of fat mass, and 1.4% of body fat. Skeletal
muscle mass did not decrease significantly. Female par-
ticipants lost 0.9 kg of body mass during the race, 1.2 kg
of fat mass, and 2.7% of body fat, while no significant
changes in skeletal muscle mass were observed. No sig-
nificant changes in the foot volume were noted in either
men or women. The higher changes in the body mass of
men compared to women could be explained by the fact
that men had a higher body mass to start with, that they
completed the race faster, and that men utilize intramyo-
cellular lipids more than women [169, 170].

Knechtle et al. conducted several studies and on body
mass and body composition changes during ultra-endur-
ance events [11, 104, 105]. A case study of a participant of
a Deca Iron Triathlon revealed a decrease in body mass
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of 1 kg, a decrease in fat mass by 0.8 kg, and a decrease in
muscle mass by 0.9 kg [104]. In contrast, an assessment
of eight athletes participating in the Deca Iron Triathlon
showed no significant loss in body mass [103]. Losses of
skeletal muscle mass (1.1 kg) and fat mass (0.9 kg) were
like the losses observed in the case study [104].

A correlation between the intensity of the race and the
body composition changes was noted in a study assess-
ing body mass and composition changes of participants
in the Triple Iron ultra-triathlon in Germany 2006 [105].
Body mass, limb circumferences, skinfold thicknesses,
fat and muscle mass, and body fat percentage were mea-
sured before and after the race. A significant decrease
in body mass of 3.9% was noted, as well as a decrease in
limb circumferences for all body parts except the thigh
and the chest. There was no significant change in skeletal
muscle mass, yet both the BMI and the relative propor-
tion of body fat decreased significantly. Along with these
observations, no decrease in skeletal muscle mass was
observed in participants in the Swiss Cycling Marathon
[11]. Anthropometric measurements were conducted
before and after the race. Body mass decreased by 1.7 kg
and fat mass by 1.4 kg, while total body water and skeletal
muscle mass showed no significant changes. The changes
in body mass and fat mass correlated significantly, as did
the changes in body mass and total body water changes.
In a review assessing the changes in anthropometric
measurements during ultra-endurance races, decreases
in all assessed skinfolds (pectoral, mid-axilla, triceps,
subscapular, abdominal, suprailiacal, thigh, and calf)
were noted for ultra-endurance cyclists [43].

Valenti et al. assessed whether participation in a
4,400 km ultra-cycling race (NorthCape4000) impacts
on body composition and metabolic parameters involved
in myogenesis [27]. They conducted bioelectrical imped-
ance analyses and dual energy x-ray absorptiometry to
measure body composition before and after the race and
determined the level of myogenic progenitor cells indi-
rectly by the level of the transcription factors required for
this process. Fat mass, visceral adipose tissue, and truncal
fat significantly decreased after the race, while lean mass
significantly increased [27]. The expression of transcrip-
tion factors involved in myogenesis was elevated after the
race.

Performance, Injury, and Performance Enhancement

Forty-one studies were filtered from the search results
that focused on factors influencing performance in an
ultra-cycling race. Five themes pertaining to their influ-
ence on performance were identified: physiological,
demographic and anthropometric parameters, pacing
strategies, injury and inflammation, and psychological
aspects of sleep. These themes and the respective stud-
ies are presented in Table 4. In terms of the physiological
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Table 4 Factors influencing performance in ultra-cycling or mixed ultra-endurance events

Race characteristics Performance indicator Outcome Refer-
ence
Physiological function
8.5 h, 105 km wilder-  Respiratory function pre- and post- Decrease in oxygen saturation, forced expiratory volume, forced vital capac- [123]
ness race race, race completion in one athlete ity, potential airflow obstruction, no obvious respiratory symptoms, race
completed
Ultra-cycling event heart rate, cycling power, speed, 861.6 km completed, average power=210W, average heart rate=121 bpm, [139]
distance greater power during daytime
RAAM VO,,..x lactate, power pyramidal training intensity distribution-based training only marginally [138]
increases performance
Ultra-triathlon Performance, heart rate, oxygen con-  Lower heart rate during cycling leg than during swimming leg, race time [108]
sumption relative to race intensity associated with difference in oxygen consumption and heart rate between
running and swimming, but not cycling legs
24 h-ultra-cycling Physiological performance-related Relative power output positively correlated with covered distance and veloc-  [13]
relay race parameters and influence of team size ity; no higher average intensity observed relative to number of participants
Transcontinental Heart rate and performance of a Decrease in heart rate to mid-race, increase towards the end, effect of tem- [110]
Race 5 single athlete perature and sleep quality on performance
Experimental 24-h Physiological parameters during Initial increase (up to 6 h) in heart rate during cycling leg, then decreased, oxy- [121]
race with running, mixed endurance race gen consumption increased up to 6 h and remained high until the end
cycling, and kayaking
Demographic and anthropometric parameters
Ironman Triathlon, Predictors of performance, finish time  Influence of sex, age, experience, and performance in cycling and running [115]
Ultra-triathlon legs on finish time
Double and Triple Performance changes in two athletes  0.19% and 1.12% performance decline in cycling per year, largest declines in [52]
Iron ultra-triathlons  over three decades running discipline
Triple Iron Influence of anthropometric variables  No significant correlation between anthropometric parameters and finish [114]
Ultra-triathlon and split times for each discipline on  time, performance in running and cycling, but not swimming, influences
performance finish time
RAAM Differences between finishers and Anthropometric differences observed, finishers have lower BMI, lower 271
non-finishers percentage of body fat, and lower thigh and upper arm circumference than
non-finishers, but anthropometric measurements not related to finish time
Pacing
RAAM Influence of pacing on performance  Decrease in performance with increasing age and altitude changes, top finish-  [10]
over five year-period ers started faster, had higher peak speeds, and maintained speed longer
24-h ultra-cycling Influence of pacing on performance  Wind speed, temperature influence performance, pacing with beneficial [11e]
event impact on top performance
Swissultra Pacing strategies in different multi- Race distance affects running, but not cycling performance in multi-stage [12]
stage ultra-triathlon events events, pacing strategies affected by race distance
Injury and inflammation
Ultra-cycling races Shermer’s Neck in ultra-cyclists Incident Shermer’s neck in ultra-cycling races after 800 km, prevention by [109]
stretching and chin support
Ultraman Florida Inflammatory markers pre- and post-  Increase in C-reactive protein, no change in interleukins 6 and 10, positive [124]
Triathlon race, finish time correlation between interleukin 10 levels and finish time
24-h-mountain bike  Intake of anti-inflammatory medica- ~ 10% of participants used anti-inflammatory medication during the race, [111]
race tion before, during, and after the race mostly ibuprofen, users were significantly older than non-users
Experimental cycling  Effect of anti-oxidant consumption on  Changes in endogenous oxidant and anti-oxidant processes during the test, [112]
test with triathletes  performance dietary anti-oxidants effective against exercise-induced oxidative stress
and marathon
runners
Hotter'N Hell Inflammatory markers pre- and post-  Increase in pro- and anti-inflammatory cytokines, shorter self-pacing associ- [119]
Hundred race, influence of pacing strategies on  ated with higher anti-inflammatory cytokine concentration
these markers
Hotter'N Hell Immunological and hormonal Testosterone decreased, growth hormone, cortisol, interleukin 6 increased, [120]
Hundred changes during a race in hot climate  cortisol and growth hormone levels higher in fastest compared to slowest
and influence on performance participant
Southern Traverse Influence of heart rate, immunologi-  Heart rates declined up to mid-race and then remained stable, leukocyte [118]

Adventure Race cal parameters on performance

Psychological aspects and sleep

plasma concentrations and plasma volume increased




Tiemeier et al. Sports Medicine - Open (2024) 10:48

Table 4 (continued)

Page 12 of 18

Race characteristics Performance indicator Outcome Refer-
ence

Physiological function

Ultra-cycling race Effect of intermittent naps on In-race naps decrease performance, low body fat and duration per training (1171

performance unit increase performance
5htimed race with  Impact of mental workload on Mental workload, quantified by EEG theta power, heart rate variability, and [137]
ultra-cyclists performance psychomotor vigilance, does not affect performance in a staged ultra-cycling
race

10 km simulated Sleep patterns of an ultra-cyclists Sleep duration reduced during the race, slow-wave sleep increased [136]

Road to Camarén before, during, and after the race

race

RAAM Impact on in-race emotions Individual differences in emotional stage, fatigue and negative or positive [36]

(Brunel Mood Scale) and sleep on
performance

emotions may enhance or diminish performance depending on personal
optimal emotional state, fluctuation of emotions throughout the race

function, the findings were inconsistent in terms of
the heart rate changes during the race, with an ini-
tial decrease observed in one study [110] and an initial
increase observed in another study [121]. Male sex cor-
related positively with a better finish time [115], while
anthropometric measurements were not associated with
performance [114, 127].

In-race changes in inflammatory markers such as cyto-
kines were observed in several studies [35, 112, 118-120,
124]. Oxidative changes induced by exercise could be
modified by the dietary consumption of antioxidants
[112], and inflammation was counter-balanced by taking
anti-inflammatory medication [111]. Taking naps during
an extended race resulted in a diminished performance
in terms of the finish time [117]. Emotions experienced
during the course of an extended race could exert both
a stimulating and impairing effect on the performance,
depending on the emotional state and the perceived emo-
tional optimum state of the individual cyclist [36].

Discussion

The present review aimed at assessing the current lit-
erature about ultra-cycling races. The results showed
that the popularity of these events has been consis-
tently increasing in recent years, with races being mainly
offered in North America, Latin America, and Europe.
While men dominate all races in terms of their propor-
tion of the participants, the number of female cyclists is
increasing.

Due to the later entry of women in such events, the
available studies assess predominantly male athletes
and, hence, there is a lack of knowledge on female ath-
letes pertaining to their anthropometric measurements,
their immunological and physiological parameters dur-
ing a race, and the factors influencing their perfor-
mance. The studies revealed changes in inflammatory
and oxidative processes during an ultra-cycling race,
which could impact performance. In particular,
older athletes try to compensate for such changes by

taking anti-inflammatory medication during the race, yet
it remains unclear to what extent such an intake can pre-
vent inflammatory processes during and after the race.
The optimum fluid and nutrient intake before, during,
and after the race is associated with the total body water
and, hence, the hydration status and energy balance of
the athlete. The best strategy to prevent hyponatremia of
ultra-cyclists remains to be determined. EAH appears to
be less of an issue for ultra-cyclists than for other ultra-
athletes, potentially due to a more efficient control of
fluid intake during a race, but the reason for these dif-
ferences has yet to be clarified. Another open question
regarding hyponatremia in ultra-cycling is the apparent
lack of severe neurological consequences in hypona-
tremic ultra-cyclists despite critically low sodium levels
[171].

It appears that many ultra-cyclists already focus on
maximizing their glycogen stores before the race and
consuming carbohydrate- and protein-rich foods before
and after it, yet an energy deficit is frequently observed.
Therefore, future studies should focus on the best
nutritional preparation for an ultra-cycling event. The
observed energy deficit may be due to the fact that nutri-
ent oxidation exceeds nutrient transport in the gut, and
hence, enhancing transport capacity of intestinal trans-
porters may be an approach to diminish this deficit. It
seems that carbohydrates are the most efficient nutrient
for energy supply, with no benefit of pre- or in-race tri-
glyceride supplementation being observed.

The available data on body composition indicate that
an ultra-cycling event leads to decreases in body mass
and fat mass, while skeletal muscle mass does not appear
to significantly change. Nonetheless, study results differ,
with decreases in muscle mass observed in some studies
[103, 104] and no changes in total body water observed
in studies with a loss in body mass [11]. Body mass losses
occur as a consequence of ultra-cycling events, and these
losses are higher in men than in women. These changes
are putatively mostly due to the in-race degradation of
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lipids stored intramyocellularly or in the subcutane-
ous tissue. Potential explanations could be that men and
women exhibit distinct changes in body mass, and that
the anthropometry of athletes differs between individual
sports and combined races such as triathletes. Therefore,
depending on the participants that are studied, different
outcomes in terms of body mass changes and composi-
tion may be expected. It is worthwhile investigating in
future studies if and why skeletal muscle mass appears to
be unaltered by ultra-endurance exercise, and whether
the loss in body mass is solely attributable to the loss in
total body water.

It must be acknowledged that there is no clear trend
for consistently observed differences between the sexes,
as studies found conflicting results. This may be due to a
lack of comparability between these studies or the races
described therein. Several open questions regarding the
role of sex in race performance remain, including the
observed differences in the peak performance age and the
reasons for a comparatively lower performance improve-
ment of participating women.

Topics that warrant further investigation are the causes
for the optimum race age around 40 years of age. Judging
from other sports, one would expect that younger cyclists
would have a greater physical fitness and, hence, would
have an advantage over the 40-year-olds. Nonetheless,
experience might be a relevant factor for an optimum
performance and could outweigh potential advantages
of a younger age. In addition, the mitochondrial vol-
ume may reach an optimum in middle-aged athletes as
demonstrated in animal studies [172]. This in turn could
lead to diminished mitochondrial function and oxidative
capacity to process nutrients, and be linked to a decrease
in muscle mass and sarcopenia [173]. Moreover, it has
been suggested that the accumulated experience leads to
a reset of central fatigue [174].

Research gaps pertaining to influencing factors on
performance in ultra-cycling races are interventions to
tackle inflammatory processes during the race that may
persist in the post-race period. Moreover, the currently
available studies on physiological function are difficult
to compare, because different race durations and inten-
sities were assessed, mostly with only a few participants.
In order to fully understand heart rate and oxygen con-
sumption changes during ultra-cycling races, the inten-
sity and the number of participants must be considered.

Conclusions

In conclusion, literature on ultra-cycling races is com-
paratively scarce, yet certain aspects, such as the types
of athletes and fluid balance/hyponatremia have been
investigated. Future studies should primarily focus on
the energy balance, the occurrence and consequences of
inflammatory and oxidative processes, and the female
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athletes, as these aspects were identified as research gaps
in this review. Topics that warrant further investigation
include the causes for an optimum age of peak perfor-
mance around 40 years and the optimum nutritional
supply to close the observed energy gap under consider-
ation of the specific race lengths and climate conditions.
Another research gap to be closed by future studies is the
development of strategies to tackle inflammatory pro-
cesses during the race that may persist in the post-race
period.
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