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INTRODUCTION
Cycling is a sport characterised by high training volumes, a long-
lasting season and a high level of competition. In India, interest in 
ultra-endurance cycling has increased dramatically in recent years. 
The World Ultra Cycling Association (WUCA) defines ultracycling 
as “any bicycle ride that is more than 200 kilometres in distance 
or six hours in duration, completed as a single effort.” The Union 
Cycliste Internationale provides regulations and rider licenses [1].

Recently, BRMs have gained popularity, leading to significant 
participation in these cycling events. BRMs are endurance events 
that include long-distance cycling of 200, 300, 400, 600 and 
1000 kilometres. Cyclists who complete these events in one 
calendar year are designated as Super Randonneurs by Audax 
India Randonneurs [2].

Ultra-endurance cycling encompasses both single- and multi-day 
events over set stages or timeframes. One of the most notable and 
challenging cycling events is the Race Across America (RAAM), 
which covers a distance of 4800 kilometres with an elevation gain 
of approximately 53 kilometres, to be completed in 10 days with no 
official rest stations or breaks. Another significant event is the Tour 
de France, where athletes must cover a distance of 3500 kilometres 
with an elevation gain of 48 kilometres spanning 21 stages over 
23 days [2].

All these ultra cycling performances require proper nutrition to 
enhance the athlete’s ability to train at their full potential. Ultra 
cycling events often lead to a significant energy deficit due to 
their long duration [3]. Early experiments, as far back as 1939, 
conducted by renowned scientists Christensen EH and Hansen O 

reported the impact of diet on cycling performance using 
static bicycles in a laboratory setting. The study highlighted the 
importance of carbohydrate intake during and after cycling events 
[4]. Cycling is the sport that has reported the highest calorie deficit 
alongside maximum energy expenditure [5]. It has been reported 
that during the Tour de France, energy expenditure can reach 
up to 8300 kcal per day for every 300 kilometres. To put this in 
perspective, the UK Dietary Reference Values (DRVs) estimate the 
daily energy requirement for men at 2,550 kcal and for women at 
1,940 kcal [6].

energy systems utilised during cycling: Cycling engages the 
major muscles of the body. Muscle activity is fueled by Adenosine 
Triphosphate (ATP), which is produced by the body in three ways:

a. The Phosphagen Energy System provides energy during 
climbs. Muscles can store a small quantity of creatine phosphate, 
which is used for high-intensity cycling lasting up to ten seconds.

b. The anaerobic glycolytic system breaks down muscle glycogen 
into ATP and lactic acid, supporting high-intensity cycling lasting 
for 2-3 minutes.

c. The aerobic system utilises oxygen to produce ATP from 
carbohydrates and fats. This system can provide energy for 
several minutes to several hours [7-10].

earlier work done on sports nutrition for trained cyclists: Early 
experiments by Christensen EH and Hansen O (1939) investigated the 
effect of diet on the performance of cyclists using stationary bicycles in 
the laboratory. The key findings of the study highlighted the importance 
of carbohydrates in enhancing performance concerning intensity and 
duration [4].
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ABSTRACT
Ultra-endurance cycling, particularly in events such as the Brevet de Randonneurs Mondiaux (BRMs), demands exceptional physical 
exertion and sustained energy management. In India, BRMs events, which span distances of 200 to 1000 kilometres, pose unique 
challenges for cyclists, necessitating prolonged physical preparation and consistent performance under demanding conditions. 
Nutrition plays a critical role in optimising energy availability, enhancing recovery and sustaining performance throughout these 
events. Despite the wealth of information available through social media, there remains a significant gap in scientifically grounded 
nutritional guidance specifically tailored to ultra-endurance cyclists. The aim of the present narrative review is to highlight the critical 
nutritional requirements and strategies essential for ultra-endurance cyclists participating in BRMs events. The review emphasises 
the need for evidence-based dietary practices to support optimal performance and recovery while addressing the current gap 
in scientific understanding. It also provides practical, research-informed nutritional guidance for athletes involved in these ultra-
endurance events. Pre-event preparation focuses on carbohydrate loading, hydration and balanced nutrition to maximise glycogen 
stores and ensure optimal hydration. During the event, continuous carbohydrate intake, electrolyte replenishment and hydration are 
critical for maintaining energy levels and preventing dehydration. Post-event recovery emphasises protein consumption for muscle 
repair, glycogen replenishment and rehydration. The findings underscore the importance of tailored nutritional strategies for ultra-
endurance cyclists to achieve optimal performance and recovery. Despite the abundance of general information available, there is a 
clear need for more research-based, practical nutritional guidelines specifically for ultra-endurance cycling. Future research should 
address this gap to provide athletes with evidence-based recommendations that support their unique nutritional needs.
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carbohydrate oxidation. The key findings of this study indicated 
that average fat oxidation was similar in both genders, while males 
exhibited significantly higher utilisation of carbohydrates as substrates 
for oxidation. Both genders demonstrated comparable values for 
total energy utilisation, glycogen storage and glycogen utilisation [16].

On the contrary, a study conducted by Hansen AK et al., 
demonstrated the effects of high and low muscle glycogen content 
during training [12]. This study involved seven untrained individuals 
who were asked to perform knee extensor exercises, with one leg 
trained under a low glycogen protocol and the other leg trained 
under a high glycogen protocol. Both limbs performed identical 
work, but one limb completed 50% of the training (i.e., every second 
session) with reduced muscle glycogen. Training with lower muscle 
glycogen improved exercise capacity and citrate synthase activity. 
Additionally, low muscle glycogen was associated with enhanced 
transcription of several genes, which contributed to improved 
training adaptation. This finding contradicted earlier studies that 
linked increased carbohydrate intake to improved performance, 
thereby introducing the concept of periodisation nutrition during 
training sessions [12].

A study by Yeo WK et al., investigated the effects of a cycle training 
program on endurance-trained cyclists, in which certain sessions 
were performed with low muscle glycogen content to assess 
training and performance. Two groups were formed: the first group 
received a high amount of carbohydrates, while the second group 
was provided with a low amount of carbohydrates. Muscle biopsies 
were taken before the training and rates of substrate oxidation 
were determined. The study found that resting muscle glycogen 
concentration, rates of whole-body fat oxidation, citrate synthase 
activity, beta-hydroxyacyl-CoA-dehydrogenase levels and the total 
protein content of cytochrome c oxidase subunit IV increased only 
in the first group that consumed low carbohydrates. Interestingly, 
both groups experienced an improvement in cycling performance 
of 10% [17].

Impey SG et al., published a theoretical framework for carbohydrate 
periodisation and the glycogen threshold hypothesis in 2018. They 
posited that exercise performance can be improved with periodic 
endurance training sessions that involve reduced carbohydrate 
availability. This may occur due to the activation of acute cell 
signaling pathways, which further promote training-induced 
oxidative adaptations in skeletal muscle, ultimately enhancing 
exercise performance [18].

Similar findings have been reported: a low-carbohydrate diet can lead 
to increased phosphorylation and enhanced gene transcription [19,20].

A study conducted on eight well-trained cyclists examined the effects 
of fat adaptation and carbohydrate restoration on metabolism and 
performance during cycling. The study concluded that participants 
exposed to a high-fat diet exhibited metabolic adaptations even after 
the restoration of carbohydrates.

Additionally, several studies have reported the benefits of ingesting 
glucose along with fructose during exercise, which results in enhanced 
carbohydrate oxidation compared to the ingestion of glucose alone. 
A carbohydrate beverage containing both glucose and fructose has 
been shown to improve 100 km cycling performance compared with 
an isocaloric glucose-only beverage [20-22].

Nutrients requirement for cyclist:

i. Macronutrients:

1. Carbohydrates are the body’s preferred source of fuel and 
are stored in the body in the form of glycogen. A gram of 
carbohydrate yields 4 kcal. The average glycogen content 
found in muscle is 500 g/mL, while in the liver, it is 80 g/
mL. This can be influenced by various factors, including 
an athlete’s body composition and training status [22-24]. 
Carbohydrates are a short-lived fuel source, so they require 

A study by Bergström J et al., conducted quadriceps femoris muscle 
biopsies on nine subjects to investigate muscle glycogen levels in 
relation to the effects of low (protein and fats), medium (mixed) and 
high-carbohydrate diets on time to exhaustion. The subjects pedaled 
on a bicycle ergometer at a workload corresponding to 75% of 
their oxygen uptake until complete exhaustion. The average time to 
exhaustion was 59 minutes for the protein and fat diet, 126 minutes 
for the mixed diet and 189 minutes for the carbohydrate-rich diet. The 
key finding of the study was that a high-carbohydrate diet resulted 
in better performance and higher muscle glycogen levels. The study 
demonstrated that muscle glycogen is beneficial for the capacity to 
perform endurance sports for longer durations [11].

In 2005, Hansen AK et al., conducted a study on the mitochondrial 
marker, citrate synthase activity. The study reported that training 
with lower muscle glycogen improved citrate synthase activity, 
which in turn enhanced exercise capacity and delayed fatigue [12].

In 1986, Coyle EF et al., conducted a study on seven endurance-
trained cyclists to determine the utilisation of muscle glycogen during 
strenuous exercise and the postponement of fatigue after feeding 
athletes high-carbohydrate solutions. The enrolled endurance cyclists 
exercised at 71±1% of Volume of Oxygen (VO2) max until completion 
of exhaustion. There were two trials: the first was the placebo 
group, in which fatigue started after 3.02±0.9 hours of exercise, 
accompanied by a decline in plasma glucose of 2.5±0.5 mm and 
a decrease in the respiratory exchange ratio from 0.85 to 0.80. 
Muscle glycogen in the placebo group declined at an average rate 
of 51.4±5.4 mmol GU/kg/hour during the first two hours of exercise 
and decreased at an even slower rate of 23.0±14.3 mmol GU/kg/ 
hour during the third and fourth hours. In contrast, in the trial 
group, individuals were fed carbohydrates and maintained plasma 
glucose levels for an additional hour before experiencing fatigue. 
However, the pattern of muscle glycogen utilisation was the same 
for both groups. The key finding of the study was that the intake 
of carbohydrates during prolonged strenuous exercise slowed the 
depletion of muscle glycogen and thus delayed the onset of fatigue. 
The athletes were oxidising carbohydrates at relatively high rates 
from sources other than muscle glycogen during the latter stages 
of prolonged strenuous exercise, which contributed to postponing 
fatigue [13].

A similar finding has been reported, namely, that there are 
comparable rates of muscle glycogen utilisation during prolonged 
cycling exercise [14-16]. A study by Tarnopolsky LJ et al., examined 
the abilities of 15 similarly trained endurance athletes (7 male athletes 
and 8 female athletes) to increase muscle glycogen concentration 
through carbohydrate loading for four days, resulting in carbohydrate 
intake levels ranging from 50-60% to 75% [14]. The study also 
evaluated gender differences in metabolism during submaximal 
endurance cycling at 75% of VO2 max for 60 minutes. The findings 
indicated an increased muscle glycogen concentration of 41% and 
an improvement in performance time during the 85% of VO2 max 
peak trial for men, whereas women did not show any increase in 
muscle glycogen concentration or performance time. It was noted 
that women rely more on lipid oxidation than carbohydrate oxidation 
compared to men.

In contrast, a study by Roepstorff C et al., reported no significant 
differences between the two genders regarding the relative utilisation 
of carbohydrates and lipids during oxidative metabolism when 
performing submaximal exercises [15]. Similar findings were reported 
in a study conducted by Zehnder M et al., which evaluated gender-
specific usage of intramyocellular lipids and glycogen during exercise 
in nine male and nine female athletes. Measurements were taken 
before, during and after exercising on a bicycle ergometer at maximal 
workload for 3 hours [16]. Intramyocellular lipids and muscle glycogen 
levels were determined using magnetic resonance spectroscopy. 
VO2 max and CO2 production were measured with an open-circuit 
spirometer, which was subsequently used to calculate total fat and 
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constant replenishment. Therefore, it has become extremely 
important to periodise carbohydrate intake before, during 
and after training sessions for better recovery and enhanced 
performance. On average, studies have reported that 6-12 g/kg  
of body weight is required for athletes. Additionally, sprint 
cycling is a very high-intensity and short-duration event that 
requires a carbohydrate intake of 6-8 g/kg of body weight per 
day, which would be approximately 65% of the total calorie 
intake. Distance cyclists need a greater carbohydrate intake 
of 8-10 g/kg of body weight per day, with a significant amount 
needing to be consumed during cycling. Therefore, cyclists 
must acquire the skill of eating on the bike [24,25].

2. Protein performs vital structural functions in the body and can 
be found in muscle, bone, cartilage, tendons, ligaments, skin 
and hair. Proteins are important for the repair, recovery and 
synthesis of cells. One gram of protein provides 4 kcal of energy. 
Proteins are made up of amino acids, which are categorised 
into essential and non essential amino acids [24-25]. The 
following guidelines have been provided by the International 
Society of Sports Nutrition regarding the intake of protein for 
healthy, exercising individuals. Based on the current available 
literature, the position of the society is as follows [26,27]:

•	 Muscle	 protein	 synthesis	 is	 stimulated	 by	 resistance	
exercises and protein ingestion. The synergistic effect can 
be observed with protein intake before or after resistance 
exercises.

•	 Daily	 protein	 intake	 can	 range	 from	 1.4	 to	 2.0	 g/kg	 of	
body weight per day (g/kg/d) for individuals focused on 
muscle building and exercise.

•	 To	improve	lean	body	mass,	high	protein	intakes	of	about	
2.3 to 3.1 g/kg/d can be considered during hypocaloric 
periods.

•	 Age	and	exercise	regimen	need	to	be	considered	before	
making protein recommendations and protein ingestion 
should be evenly distributed over 3-4 hours throughout 
the day.

•	 Protein	recommendations	can	also	include	700-3000	mg	
of leucine as part of a balanced array of essential amino 
acids [26,27].

3. Fat is an essential nutrient and an important source of energy. 
The understanding of the role of dietary fats has significantly 
changed over the years. Fats are known to be reservoirs 
of energy, with 1 gram of fat yielding 9 kilocalories (kcal) of 
energy [28]. They are stored in adipose tissue and muscles 
as triglycerides and their breakdown leads to the availability of 
fatty acids and glycerol, which are metabolised in muscle cells 
to ultimately provide energy.

 Adopting a low-carbohydrate, high-fat dietary approach may 
offer endurance athletes an advantage in enhancing training 
adaptations for aerobic capacity [29]. Monounsaturated fatty 
acids and omega-3 fatty acids possess anti-inflammatory 
properties that can significantly aid in an athlete’s recovery [30]. 
Studies on lipid supplementation have investigated fat oxidation 
during exercise and its impact on cycling performance. Research 
has reported decreased oxidation of muscle glycogen when 
cyclists were assigned a high-fat isocaloric diet, which explains 
the preference for fats over carbohydrates among endurance 
cyclists [31,32].

4. Dietary fibre is crucial for maintaining overall health, including 
digestive function, blood sugar regulation and cholesterol 
levels. For athletes, including cyclists, dietary fibre plays an 
essential role in optimising energy levels and digestive health. 
There are two primary types of dietary fibre:

•	 Soluble fibre: Found in fruits, vegetables, oats and legumes, 
this type of fibre dissolves in water and forms a gel-like 
substance in the intestines. It helps slow digestion, stabilises 
blood sugar levels and lowers cholesterol.

•	 insoluble fibre: Found in whole grains, cereals and some 
vegetables, insoluble fibre adds bulk to the stool and promotes 
regular movement of waste through the digestive system, 
preventing constipation.

 Low dietary fibre intake, especially among athletes such 
as recreational cyclists, can negatively impact both health 
and performance. A lack of fibre can lead to gastrointestinal 
issues, poor nutrient absorption and reduced energy stability. 
For cyclists, who require consistent energy release during 
long training sessions or races, a low-fibre diet might lead to 
fatigue or digestive discomfort. Moreover, fibre helps support 
gut health, which is essential for immune function and overall 
endurance performance [33,34].

ii. Micronutrients:

1. Vitamins and minerals: A varied diet that includes nutrient-
dense food options and aims to meet energy demands always 
ensures an adequate spread of micronutrients, including 
vitamins, minerals and antioxidants. The requirements for 
vitamins and minerals are higher compared to a population of 
the same age and gender. Therefore, consuming a diet that 
incorporates all food groups throughout the day becomes even 
more significant in light of performance training. It is suggested 
to get tested for certain vitamins, such as Vitamin D, B12 and 
Folic Acid, as well as minerals like Iron, Calcium, Magnesium, 
Zinc, Phosphorous, Sodium Chloride (NaCl), Potassium, 
Copper, Selenium, Fluoride, Iodine, Manganese, Chromium 
and Sulphur, quarterly or biannually. Minerals are involved in 
almost all metabolic and physiological processes of the body, 
including muscle contraction and relaxation, enzyme activities, 
immune functions, antioxidant mechanisms and acid-base 
balance. Athletes who follow a calorie-restricted diet (typically 
one that is significantly low in calories for goals such as body 
composition changes) or who do not include items from food 
groups such as vegetables, fruits, dals, legumes, pulses, fibre-
rich grains, mixed nuts and seeds, lean meat and fish and 
dairy may not meet their requirements. A colourful diet, often 
referred to as a rainbow diet, made up of fruits and vegetables, 
is the key to obtaining all necessary micronutrients and even 
phytochemicals, which are compounds in foods that exhibit 
anti-inflammatory and antioxidant properties [35,36].

2. Antioxidants: The higher intensity and volume of training, along 
with frequent competitions and additional stressors such as 
travel, lack of sleep and poor environmental adaptations, can 
lead to physiological, metabolic and psychological stress. These 
factors often result in an increased formation of compounds 
known as free radicals. Once these free radicals reach a certain 
threshold, they can cause oxidative stress and inflammation, 
potentially affecting an athlete’s recovery. Antioxidants, such 
as vitamins A, C and E, play a crucial role as immune nutrients 
and can speed up the recovery rate. However, excessive doses 
of antioxidants can become counterproductive by reducing 
specific training adaptations [37,38].

3. Supplements: The World Anti-doping Agency (WADA) guidelines 
are noteworthy and are backed by high-quality evidence to 
legitimise the use of supplements in many countries, including 
India [39]. Supplements, as their name suggests, are meant to 
supplement or support the existing diet; they are not intended 
to replace any aspect of it. The use of the right supplement at 
the right time and in the right quantity may create a small but 
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significant difference in an athlete’s performance. This could 
be due to its role in making more fuel available during training, 
enhancing recovery between sessions, improving certain 
adaptations to training, modifying body composition, or ensuring 
good health through the prevention or treatment of certain 
micronutrient deficiencies. In track and field, only five ergogenic 
(performance-enhancing) supplements have been confirmed 
to be effective. These include creatine, caffeine, nitrates, beta-
alanine and sodium bicarbonate/citrate, along with sports foods 
such as proteins, sports drinks, sports gels and electrolyte 
drinks [39-41].

4. Hydration: It is an important aspect of an athlete’s diet plan. 
Just as much effort is put into building a nutrition strategy or 
diet plan, similar effort should be devoted to creating a hydration 
strategy for training and competition. Dehydration of more 
than 2% of body weight can lead to poor motor coordination, 
physiological strain and negatively affect performance. Optimum 
athletic performance depends on the hydration status of 
athletes. Proper hydration strategies are crucial to prevent 
dehydration, maintain cardiovascular function and support 
thermoregulation. Inadequate hydration can lead to decreased 
athletic performance during training and at competitive events. 
A personalised hydration strategy should be developed, taking 
into account training loads, individual needs and external 
temperatures [42-46].

periodised nutrition for cyclists: A long-term progressive approach 
designed to enhance athletic performance by varying training 
throughout the year is termed periodisation. It includes macrocycles 
(months- pre-competition phase), mesocycles (weeks- 3 to 5 weeks 
of cycles with 1 to 2 weeks of recovery) and microcycles (days- 
1-week cycles). These training units are structured throughout the 
year to help athletes achieve the desired readiness to perform at 
their peak during targeted competitions [42].

The diversity in bioenergetics and biochemical demands of different 
track and field events makes this sport particularly suited for the 
implementation of periodised nutrition, which involves the planned, 
purposeful and strategic use of specific nutritional interventions to 
enhance adaptations targeted by individual exercise sessions or 
periodic training plans [Table/Fig-1].

Nutritional deficiencies and risk of sports injuries among 
cyclists: Cycling is a gravitational sport and the low body weight 
of cyclists provides an additional benefit to their performance. 
Endurance cyclists need to maintain their body weight while 
preserving good lean muscle mass. Restricted nutrition can lead 
to Low Energy Availability (LEA), which has adverse effects on 
performance and can result in Relative Energy Deficiency in Sport 
(RED-S) [42]. Road cyclists are at a potentially high-risk of LEA due 
to long training sessions and increased energy expenditure. On 
average, a cyclist expends between 1,000 and 4,500 kcal during a 
single training session or event and if post-event energy demands 

are not met, the cyclist may remain in a state of LEA. Many athletes 
also choose to limit their energy intake to reduce body fat in order 
to maximise their performance, which can unintentionally lead them 
into a state of LEA and its consequences [33,42].

Energy availability significantly influences bone metabolism. The 
female athlete triad has been well described, highlighting the 
interrelationships between energy availability, bone health and 
reproductive function. Recent studies extend this concept to male 
athletes as “RED-S” [47-49]. It has been suggested that non-weight-
bearing sport athletes (such as cyclists) are more susceptible to 
challenges in energy status than runners [50-52].

The LEA can lead to both short- and long-term consequences for the 
bone health of cyclists. Cyclists may develop impaired bone health, 
resulting in decreased osteogenic activity and an increased risk of 
fractures. A recent study by Keay N et al., examined the effects 
of a 6-month nutritional education intervention on 50 competitive 
cyclists who were at risk of RED-S [50]. The cyclists were paired 
based on Z-scores for lumbar spine Bone Mineral Density (BMD) 
and the results indicated that the control group experienced a 2.3% 
reduction in lumbar BMD between scans over the 6-month interval. 
In contrast, those who received nutritional education reported a 
2.2% increase in lumbar BMD after six months. The findings of this 
study suggest a potential link between the nutritional knowledge 
of cyclists and lumbar BMD, which is likely influenced by energy 
availability. While this study offers useful insights into a strategy for 
improving knowledge, further research is needed to reinforce the 
association between nutritional knowledge and LEA [50]. A study 
by Mathis SL et al., on competitive male cyclists found a significant 
increase in lumbar spine BMD with resistance training. This finding 
emphasises the need to address LEA in RED-S and to prioritise 
the bone health of cyclists performing off-bike resistance training 
[51]. Studies have reported improved bone health with increased 
energy availability. Additionally, these studies have shed light on 
vitamin D levels. Increased vitamin D levels suppress the activity 
of parathyroid hormone, thereby decreasing bone resorption, in 
addition to improving immune functions and muscle strength [51].

Male cyclists with long-term LEA experience considerable effects on 
bone and endocrine health. Low BMD has been well-documented 
in athletes with LEA [53,54]. The lumbar spine is the most affected 
site, with the neck of the femur being a close second. The lumbar 
spine is trabecularly rich and has the least osteogenic properties, 
which explains its common susceptibility [54]. Female athletes with 
LEA often experience menstrual irregularities, whereas males may 
experience a decrease in testosterone levels and bone turnover 
markers [54]. Since testosterone is required for bone mineralisation 
and inhibits bone resorption, athletes with low testosterone levels 
are at risk of developing osteoporosis and are more susceptible to 
bone stress injuries. Calcium loss through sweating in elite cyclists 
(up to 150 mg/h) also negatively affects BMD [54].

Macro cycle General preparation Specific preparation pre- competition Competition

Key nutrition challenges/
goals [42]

Body composition modifications, 
aerobic endurance (Fat adaptation)

Power- body weight ration
substrate availability recovery

Substrate availability
recovery
race day strategy

Recovery
implementation of race day strategy

Nutrient recommendation 
[22,42]

Carbohydrates (CHO): 7-10 gm/kh 
body weight
Proteins: 1-2-1.7 gms/kg/bw/day
Fats: 1-1.2 gms/kg/bw/day

CHO: 9-12 gm/kh body weight
Proteins: 1.5-1.6 gms/kg/bw/day
Fats: 1-1.2 gms/kg/bw/day

CHO: 7-10 gm/kh body weight
Proteins: 1.6 to 1.7 gms/kg/bw/day
Fats: 1-1.2 gms/kg/bw/day

CHO: 7-8 gm/kh body weight
Proteins: 1.6-1.7 gms/kg/bw/day
Fats: 0.8-1.0 gms/kg/bw/day

Functional food and 
supplement strategies 
[42]

Sports drink
electrolyte drink
BCAA
L Cartinine
Iron rich food sources
Vit B112 folate rich sources
Nitrate Sources, multivitamins, fish oil, Vitamin C, Zinc, Magnesium

[Table/Fig-1]: Sample periodised nutrition plan for 200 km event.
CHO: Carbohydrates
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Energy availability influences bone metabolism. The female athlete 
triad has been well described, emphasising the interrelationships 
between energy availability, bone health and reproductive function. 
There is a substantial amount of literature suggesting that LEA 
increases the risk of fractures; however, data indicates that post-
traumatic fractures are more common among cyclists compared to 
stress fractures [47-55].

CONCLUSION(S)
The present paper emphasises the need for both macro- and 
micronutrients required for training, muscle recovery and repair 
among ultra-endurance cyclists. Effective nutritional strategies are 
crucial for these athletes, particularly in the context of BRMs events 
in India, where optimising performance and recovery is paramount. 
The unique demands of long-distance cycling necessitate a tailored 
approach that emphasises proper macronutrient distribution, 
hydration and micronutrient sufficiency, while also addressing the 
risks associated with LEA, such as reduced BMD and hormonal 
imbalances. Both male and female athletes face distinct challenges, 
highlighting the need for targeted educational interventions to 
enhance nutritional knowledge. As research continues to evolve, 
it is vital to focus on evidence-based guidelines that support the 
health and performance of cyclists, ensuring they can compete 
effectively and sustainably in this demanding sport.

Acknowledgement
We extend our deepest gratitude to Professor Louise Burke OAM, 
Chair in Sports Nutrition at the Mary MacKillop Institute for Health 
Research, Australian Catholic University, for her invaluable guidance 
and insights in the field of sports nutrition, which greatly enriched this 
paper. Her expertise and encouragement have been instrumental 
in shaping the nutritional strategies presented for ultra-endurance 
cyclists in the Indian brevet context.

REFERENCES
 World Ultracycling Association. What is Ultracycling? Available from: https://[1]

www.ultracycling.com/what-ultracycling. Last accessed on 21-09-2024.
 Audax India Randonneurs (AIR). Representative of Audax Club Parisien (ACP). [2]

Available from: https://www.audaxindia.in/. Last accessed on 21-09-2024.
 Scheer V. Participation trends of ultra-endurance events. Sports Med Arthrosc [3]

Rev. 2019;27(1):03-07.
 Christensen EH, Hansen O. Arbeitsfahigkeit und Ermundung. Skand Arch [4]

Physiol. 1939;81:160-71.
 Bircher S, Enggist A, Jehle T, Knechtle B. Effects of an extreme endurance [5]

race on energy balance and body composition-a case study. J Sports Sci Med. 
2006;5(1):154-62.

 Saris WH, van Erp-Baart MA, Brouns F, Westerterp KR, ten Hoor F. Study on [6]
food intake and energy expenditure during extreme sustained exercise: The Tour 
de France. Int J Sports Med. 1989;10(1):S26-31.

 Almquist NW, Sandbakk O, Rønnestad BR, Noordhof D. The aerobic and [7]
anaerobic contribution during repeated 30-s sprints in elite cyclists. Front Physiol. 
2021;12:692622.

 Faria EW, Parker DL, Faria IE. The Science of Cycling: Physiology and training-[8]
part 1. Sports Medicine. 2005;35(4):285-312.

 Jeukendrup AE, Gleeson M. Sports Nutrition: An Introduction to energy production [9]
and performance. Champaign, IL: Human Kinetics. ISBN: 9780736079624.

 Burke LM, Lundy B, Fahrenholtz IL, Melin AK. Pitfalls of conducting and [10]
interpreting estimates of energy availability in free-living athletes. Int J Sport Nutr 
Exerc Metab. 2018;28(4):350-63.

 Bergström J, Hermansen L, Hultman E, Saltin B. Diet, muscle glycogen and [11]
physical performance. Acta Physiol Scand. 1967;71(2):140-50.

 Hansen AK, Fischer CP, Plomgaard P, Andersen JL, Saltin B, Pedersen BK. [12]
Skeletal muscle adaptation: Training twice every second day vs. training once 
daily. J Appl Physiol. 2005;98:93-99.

 Coyle EF, Coggan AR, Hemmert MK, Ivy JL. Muscle glycogen utilization during [13]
prolonged strenuous exercise when fed carbohydrate. J Appl. 1986;61(1):165-72.

 Tarnopolsky MA, Atkinson SA, Phillips SM, MacDougall JD. Carbohydrate [14]
loading and metabolism during exercise in men and women. Journal of Applied 
Physiology. 1995;78:1360-68.

 Roepstorff C, Steffensen CH, Madsen M, Stallknecht B, Kanstrup IL, Richter EA, [15]
et al. Gender differences in substrate utilization during submaximal exercise in 
endurance-trained subjects. American Journal of Physiology: Endocrinology and 
Metabolism. 2002;282:E435-47.

 Zehnder M, Ith M, Kreis R, Saris W, Boutellier U, Boesch C. Gender-specific [16]
usage of intramyocellular lipids and glycogen during exercise. Medicine and 
Science in Sports and Exercise. 2005;37:1517-24.

 Yeo WK, Paton CD, Garnham AP, Burke LM, Carey AL, Hawley JA. Skeletal [17]
muscle adaptation and performance responses to once versus twice every 
second day endurance training regimens. J Appl Physiol. 2008;105:1462-70.

 Impey SG, Hearris MA, Hammond KM, Bartlett JD, Louis J, Close GL, et al. Fuel [18]
for the work required: A theoretical framework for carbohydrate periodization 
and the glycogen threshold hypothesis. Sports Med. 2018;48:1031-48.

 Morton JP, Croft L, Bartlett JD, MacLaren DP, Reilly T, Evans L, et al. Reduced [19]
carbohydrate availability does not modulate training-induced heat shock protein 
adaptations but does up regulate oxidative enzyme activity in human skeletal 
muscle. J Appl Physiol. 2009;106:1513-21.

 Rowlands DS, Hopkins WG. Effect of high-fat, high-carbohydrate, and high protein [20]
meals on metabolism and performance during endurance cycling’. International 
Journal of Sport Nutrition and Exercise Metabolism. 2002;12:318-35.

 Burke LM, DJ Angus, Cox GR, Cummings NK, Febbraio MA, Gawthorn K, et [21]
al. Effect of fat adaptation and carbohydrate restoration on metabolism and 
performance during prolonged cycling. J Appl Physiol. 1985;89:2413-21.

 Triplett D, Doyle JA, Rupp JC, Benardot D. An isocaloric glucose-fructose [22]
beverage’s effect on simulated 100-km cycling performance compared with a 
glucose-only beverage. Int J Sport Nutr Exerc Metab. 2010;20:122-31.

 Murray B, Rosenbloom C. Fundamentals of glycogen metabolism for coaches [23]
and athletes. Nutr Rev. 2018;76(4):243-59.

 Burke LM, Castell LM, Casa DJ, Close GL, Costa RJS, Desbrow B, et al. [24]
International Association of Athletics Federations Consensus Statement 2019: 
Nutrition for Athletics. Int J Sport Nutr Exerc Metab. 2019;29(2):73-84.

 Marquet LA, Hausswirth C, Molle O, Hawley JA, Burke LM, Tiollier E, et al. [25]
Periodization of carbohydrate intake: Short-term effect on performance. 
Nutrients. 2016;8(12):755.

 Campbell B, Kreider RB, Ziegenfuss T, La Bounty P, Roberts M, Burke D, et al. [26]
International Society of Sports Nutrition Position Stand: Protein and exercise. 
J Int Soc Sports Nutr. 2007;4(1):8.

 Jager R, Kerksick CM, Campbell BI, Cribb PJ, Wells SD, Skwiat TM, et al. [27]
International Society of Sports Nutrition Position Stand: Protein and exercise. 
J Int Soc Sports Nutr. 2017;14(1):20.

 Jeukendrup AE, Randell R. Fat burners: Nutrition supplements that increase fat [28]
metabolism. Obes Rev. 2011;12(10):841-51.

 Volek JS, Noakes T, Phinney SD. Rethinking fat as a fuel for endurance exercise. [29]
Eur J Sport Sci. 2015;15(1):13-20.

 Simopoulos AP. Omega-3 fatty acids and athletics. Curr Sports Med Rep. [30]
2007;6(4):230-36.

 Stellingwerff T, Spriet LL, Watt MJ, Kimber NE, Hargreaves M, Hawley JA, et [31]
al. Decreased muscle glycogenolysis during prolonged cycling following fat 
adaptation with carbohydrate restoration. J Appl Physiol. 2006;100(6):194-202.

 Phinney SD, Bistrian BR, Evans WJ, Gervino E, Blackburn GL. The human [32]
metabolic response to chronic ketosis without caloric restriction: Preservation 
of submaximal exercise capability with reduced carbohydrate oxidation. 
Metabolism. 1983;32(8):769-76.

 Burke LM, Kiens B, Ivy JL. Carbohydrates and fat for training and recovery. [33]
J Sports Sci. 2004;22(1):15-30.

 Slavin JL. Dietary fiber and body weight. Nutrition. 2005;21(3):411-18.[34]
 Burke L, Maughan R, Shirreffs S. The 2007 IAAF Consensus Conference on [35]

Nutrition for Athletics. J Sports Sci. 2007;25 Suppl 1:S1.
 Maughan RJ, Burke LM. 4[36] th Chapter. Vitamins and minerals. In: Maughan RJ, 

Burke LM, editors. Sports Nutrition: A Handbook for Professionals. 6th ed. 
Champaign, IL: Human Kinetics ISBN 0-632-05814-5;2012. Page 35-45. 
Blackwell Science, Oxford.

 Urso ML, Clarkson PM. Oxidative stress, exercise, and antioxidant [37]
supplementation. Toxicology. 2003;189(1-2):41-54.

 Ristow M, Zarse K, Oberbach A, Blüher M. Antioxidants prevent health-[38]
promoting effects of physical exercise in humans. Proc Natl Acad Sci U S A. 
2009;106(33):16693-98.

 World Anti-Doping Agency. The World Anti-Doping Code. Available from: https://[39]
www.wada-ama.org/en/what-we-do/the-code. Last accessed on 21-09-2024.

 Kerksick CM, Wilborn CD, Roberts MD, Smith-Ryan A, Kleiner SM, Jäger R, [40]
et al. ISSN exercise & sports nutrition review: Research and recommendations. 
J Int Soc Sports Nutr. 2017;14:38.

 Burke LM, Hawley JA. Swifter, higher, stronger: What’s the role of diet in [41]
enhancing performance? J Sports Sci. 2018;36(21):2441-45.

 Maughan RJ, Burke LM. Part 2. Nutriton for Competetion. In: Maughan RJ, [42]
Burke LM, editors. Sports Nutrition: A Handbook for Professionals. 6th ed. 
Champaign, IL: Human Kinetics ISBN 0-632-05814-5; 2012. Page 35-45. 
Blackwell Science, Oxford.

 Coyle EF. Fluid and fuel intake during exercise. J Sports Sci. 2004;22(1):39-55.[43]
 Maughan RJ, Shirreffs SM. Dehydration and rehydration in competative sport. [44]

Scand J Med Sci Sports. 2010;20(Suppl 3):40-47.
 Maughan RJ, Shirreffs SM. Development of individual hydration strategies for [45]

athletes. Int J Sport Nutr Exerc Metab. 2008;18(5):457-72.
 Golla VB, Kapoor R. Fluid consumption habit, fluid balance and perceived fatigue [46]

during exercise among adolescent national level cyclists. International Journal of 
Physiology, Nutrition and Physical Education. 2022;7(1):41-45.

 Loucks AB. Energy availability in athletes: A new perspective. J Sports Sci. [47]
2006;24(3):217-22.

 Mountjoy M, Sundgot-Borgen J, Burke LM, Ackerman KE, Blauwet C, Constantini [48]
N, et al. The IOC consensus statement on relative energy deficiency in sport 
(RED-S): 2014. Br J Sports Med. 2015;49(7):421-23.

 Dave SC, Fisher M. Relative energy deficiency in sport (RED-S). Curr Probl [49]
Pediatr Adolesc Health Care. 2022;52(8):101242.



Harpreet Kour and Shrihari L Kulkarni, Nutrition Requirement for Ultra-Endurance Cyclists www.jcdr.net

Journal of Clinical and Diagnostic Research. 2024 Nov, Vol-18(11): KE01-KE0666

partiCuLarS oF CoNtriButorS:
1. Associate Professor, Department of Physiology and Department of Nutrition, Jawaharlal Nehru Medical College, KLE Academy of Higher Education and Research, Belagavi, 

Karnataka, India.
2. Professor, Department of Orthopaedics, SDM Medical College and Hospital, Shri Dharmasthala Manjunatheshwara University, Dharwad, Karnataka, India.

Date of Submission: Jul 23, 2024
Date of Peer Review: Sep 20, 2024
Date of Acceptance: Sep 25, 2024

Date of Publishing: Nov 01, 2024

autHor deCLaratioN:
•	 Financial	or	Other	Competing	Interests:	 None
•	 Was	informed	consent	obtained	from	the	subjects	involved	in	the	study?	 No
•	 For	any	images	presented	appropriate	consent	has	been	obtained	from	the	subjects.	 NA

pLaGiariSM CHeCKiNG MetHodS: [Jain H et al.]

•	 Plagiarism	X-checker:	Jul	27,	2024
•	 Manual	Googling:	Sep	21,	2024
•	 iThenticate	Software:	Sep	23,	2024	(16%)

NaMe, addreSS, e-MaiL id oF tHe CorreSpoNdiNG autHor:
Dr. Harpreet Kour,
Associate Professor, Department of Physiology, Jawaharlal Nehru Medical College, 
KLE Academy of Higher Education and Research, Belagavi-590010, Karnataka, India.
E-mail: harpreetkour.kour@gmail.com

etyMoLoGy: Author Origin

eMeNdatioNS: 6

 Keay N, Francis G, Entwistle I, Hind K. Clinical evaluation of education relating to [50]
nutrition and skeletal loading in competitive male road cyclists at risk of relative 
energy deficiency in sports (RED-S): 6-month randomised controlled trial. BMJ 
Open Sport Exerc Med. 2019;5(1):e000523.

 Mathis SL, Caputo JL. Resistance training is associated with higher lumbar spine [51]
and hip bone mineral density in competitive male cyclists. J Strength Cond Res. 
2018;32(1):274-79. 

 Tarnopolsky MA. Vitamin D and exercise: Where are we now? Sports Med. [52]
2010;40(9):681-87.

 Goolsby MA, Boniquit N. Bone Health in Athletes. Sports Health. 2017;9(2):108-117.[53]
 Athanasiou N, Bogdanis GC, Mastorakos G. Endocrine responses of the [54]

stress system to different types of exercise. Rev Endocr Metab Disord. 
2023;24(2):251-66.

 Nazem TG, Ackerman KE. The female athlete triad. Sports Health. 2012;(4):302-11.[55]

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

