[image: ]
Student name: Mark Thomas
Student number: 2219234
Programme: Sports and Exercise Nutrition
Module: Sport and Exercise Nutrition and Metabolism  
Module code: BMSN7002
Lecturer: Geraint Forster
Internal Verifier: Dr Chris Cashin
Assignment Title: Case Study
Word count: 4500
Submission deadline: 09/01/2026 


CLIENT PROFILE

[bookmark: _Int_SHqyyeAo][bookmark: _Int_c4AfvC6I]Gary Howells is a 44-year-old male endurance runner preparing to complete a multi-stage 100 km ultramarathon in Oman in January. The race takes place over five consecutive days in desert conditions characterised by hot temperatures, shifting humidity, and varied terrain. Gary aims to remain competitive while sustaining hydration, limiting fatigue, and maximising recovery between stages. He has a body mass of 79.4 kg, a height of 185 cm (BMI 23.2 kg/m²), and a body fat level of 14%. His physiological profile indicates excellent aerobic fitness, with a VO2 Max of 46 ml/kg/min, equivalent to 129% of the age matched normative value and classified as “excellent” under AHA criteria. Currently, across a typical week, he undertakes six organised sessions, three 90 minute endurance runs, two 45–60‑minute interval or tempo workouts, and two strength and conditioning sessions. As a middle-aged athlete, Gary’s nutritional needs are influenced by both performance and health considerations. He experiences mild gastrointestinal sensitivity during prolonged high-intensity sessions, making carbohydrate timing and hydration strategies particularly important. His current supplementation includes creatine monohydrate and glycerol, both recognised ergogenic aids with potential thermoregulatory and hydration benefits in desert ultramarathon settings. The subject reports no chronic health conditions, although he recognises age‑related limitations in recovery and the potential risk of low energy availability (LEA) during periods of high training volume. 
Ethical considerations were followed according to the Sport and Exercise Nutrition Register (SENr) code of practice. The subject provided informed consent and completed a PAR-Q prior to testing and dietary assessment. Given the challenging environmental conditions anticipated in Oman, this study prioritises strategies to maintain hydration, regulate core temperature, and preserve glycogen stores while minimising gastrointestinal stress.
In summary, the subject’s physiological maturity and established endurance base offer a solid platform for ultramarathon performance. Nonetheless, age‑related declines in mitochondrial efficiency and recovery capacity necessitate careful nutritional periodisation to optimise substrate availability, limit muscle damage, and aid thermoregulation in the forthcoming event. The strategy outlined here integrates his laboratory findings, sport‑specific demands, and evidence‑based nutrition principles to support optimal preparation and performance in multi‑day desert running. 


Physiological and Nutritional Demands of an Endurance Runner

Overview
Marathon and ultramarathon running place significant physiological and nutritional demands on athletes, pushing the limits of endurance. Competitors must sustain long‑duration energy production, regulate body temperature, and cope with considerable metabolic, musculoskeletal, and cognitive stress. Both marathon and ultramarathon events rely heavily on aerobic metabolism, but ultramarathons add complexity through multi‑hour or multi‑day effort, variable terrain, and extreme environmental conditions (Tiller and Millet, 2025). 
For the subject, competing in a five-day, 160 km ultramarathon in the Oman desert, these challenges are intensified by high ambient temperatures (>30°C), dry air, and strong solar radiation. Such conditions raise heart rate and core temperature, increasing glycogen use and dehydration while compromising recovery and GI function. Heat exposure impairs running performance by reducing sustainable running speed, as shown by significant drops in critical velocity at heat indices >38°C even when dehydration is not the primary limiting factor (Leslie, Erram and Cannon, 2024). Understanding these interconnected physiological and nutritional factors is crucial for developing an evidence-based strategy that supports optimal performance and health. 

Energy Systems and Exercise Intensity Thresholds
Marathon and ultramarathon runners depend primarily on aerobic metabolism, using carbohydrates and fats for ATP production, and endurance training enhances fat oxidation to preserve limited carbohydrate stores during prolonged exercise, and this adaptation supports sustained performance, while the dietary glycaemic index may further influence fuel use during exercise (Moitzi and Konig, 2023). However, anaerobic glycolysis plays a greater role during rapid‑energy demands, such as surges, climbs, or technical terrain near or above VT2, because these efforts require ATP turnover rates that exceed the capacity of aerobic metabolism (Koh et al., 2022). Marathon runners usually perform at 70–85% of VO2 Max to maintain a metabolically efficient pace below the lactate threshold, supporting sustained endurance over long distances (Ruta, 2024). However, ultramarathon runners work at lower intensities (55–70% VO2 Max) for prolonged periods, requiring enhanced mitochondrial and capillary adaptations to sustain oxidative metabolism (Knechtle and Nikolaidis, 2018). This results in a higher dependency of fat oxidation for ATP production. Heat exposure, like that experienced in Oman, disrupts this balance by increasing cardiovascular drift, elevating heart rate at a fixed workload, and redirecting blood flow to the skin to aid heat loss. As a result, aerobic efficiency falls and carbohydrate dependence rises, diminishing endurance in hot conditions. Research shows that heat stress reduces aerobic efficiency and increases reliance on carbohydrates, impairing endurance performance, in one study found that matched intensity exercise at 33°C led to lower carbohydrate oxidation, unchanged fat use, reduced power output, and higher sweat rates compared with 18°C, indicating diminished metabolic efficiency in the heat (Charoensap, Kilding and Maunder, 2023). This results in a downward shift in lactate thresholds, so efforts sustainable in cooler conditions can become metabolically demanding in the desert.

Substrate Utilisation
Endurance exercise draws mainly on carbohydrates and fats for energy, with the balance between glycogen, blood glucose, and lipid oxidation shaped by an individual’s metabolic state, influencing endurance capacity and fatigue resistance (Pi, Villivalam and Kang, 2023). The balance between carbohydrate and fat use, known as the crossover concept, is shaped by exercise intensity, nutritional status, and environmental conditions. The crossover concept holds that fat is the main fuel at rest and low intensities, but carbohydrate use rises as exercise intensity increases beyond 60% of VO2 Max (Noakes et al, 2023). At low intensities, fat supplies much of the energy and helps spare glycogen, but once exercise exceeds 60–65% of VO2 Max, carbohydrate use dominates because it produces ATP more quickly per unit of oxygen (Prins et al, 2023). This shift is amplified in hot conditions, where heightened sympathetic activity boosts glycolytic enzymes and reduces fat oxidation. 
For marathon runners, maintaining high carbohydrate oxidation (3–4 g/min) is essential for holding pace and preventing early fatigue (Rauch et al, 2022). Carbohydrates are the most efficient fuel for high‑intensity work because they require less oxygen per ATP than fats (Chandel, 2021). In contrast, ultramarathon runners benefit from greater fat oxidation capacity, enabling them to spare glycogen during submaximal efforts (Rauch et al, 2022). Adaptations including greater mitochondrial biogenesis, elevated intramuscular triglyceride stores, and improved fatty‑acid transport support this metabolic shift (Li et al, 2024). However, in the Oman desert, heat, and dehydration shift substrate use, as rising core temperature accelerates muscle glycogen breakdown. Furthermore, dehydration lowers plasma volume and limits oxygen delivery, diminishing the efficiency of lipid oxidation (Davies et al, 2023). Consequently, ultra marathon runners must ensure sufficient carbohydrate availability through strategic dietary periodisation and effective glycogen restoration between stages (Norton et al, 2025). 

Hydration, Electrolyte Balance, and Thermoregulation
Fluid and electrolyte balance are fundamental to sustaining endurance performance, especially in hot environments where sweat losses are high and thermoregulatory strain is increased. Maintaining adequate hydration and electrolyte status supports cardiovascular stability, preserves plasma volume, and helps regulate core temperature, all of which are essential for delaying fatigue and sustaining pace. Sweat rates in desert running can surpass 1.5–2.0 l/hr, accompanied by substantial sodium losses (40–60 mmol/l). A dehydration‑induced 2% drop in body mass is enough to reduce aerobic capacity, heighten cardiovascular strain, and raise core temperature (Surapongchai et al., 2021). Additionally, dehydration heightens perceived exertion and slows gastric emptying, reducing an athlete’s capacity to take in adequate fluids or carbohydrates during competition (Sangenis, 2017). Therefore, planned hydration, drinking at set intervals guided by individual sweat rates, better preserves plasma volume and thermoregulation than relying on thirst alone. 

Electrolyte intake, especially sodium and potassium, reduces hyponatremia risk and supports normal neuromuscular activity. Research indicates that consuming 500–700 mg/l of sodium effectively replaces sweat losses without triggering GI discomfort or excess fluid retention (Stand, 2009), however, the current evidence base on this topic remains limited. In desert ultramarathons, pre‑stage glycerol hyperhydration has been shown to expand plasma volume and delay the onset of dehydration (Jardine et al, 2025). Furthermore, thermoregulatory strain is an additional critical consideration, as heat stress raises metabolic rate by approximately 5–10% through heightened sympathetic activation and the energetic cost of heat dissipation, thereby increasing overall energy expenditure and carbohydrate demand (Rosbrook, 2024). Utilising pre‑cooling strategies, structured heat acclimation protocols, and targeted hydration improves heat tolerance and helps maintain performance. Pre‑cooling strategies, including ice‑slurry ingestion, cold water immersion, and cooling vests, reduce core and skin temperature prior to exercise, delaying hyperthermia and lowering cardiovascular strain during endurance activity in the heat (Jones et al, 2012).


Causes and Mechanisms of Fatigue
Endurance running fatigue arises from multiple sources, including metabolic, neuromuscular, and central nervous system contributions. Fatigue is widely understood as a breakdown in homeostatic regulation, driven by substrate depletion, heat strain, and perceived effort. Peripheral fatigue is driven by glycogen depletion, lactate accumulation, and electrolyte disturbances. As glycogen availability falls, the ability to sustain high‑intensity contractions declines, leading to reduced pace and impaired running economy (Roberts and Smith, 1989). Moreover, prolonged contractions in hot conditions elevate oxidative stress and free‑radical production, promoting muscle damage and slowing recovery (Bennett et al, 2024). Additionally, central fatigue reflects shifts in neurotransmitter balance, most notably increased serotonin, and reduced dopamine, that diminish motivation and motor drive. Prolonged endurance exercise amplifies central fatigue by reducing cerebral glucose availability and altering neurotransmitter balance, thereby impairing motivation, focus, and motor control (Nybo and Secher, 2004). Over time, reduced central drive limits effective motor‑unit recruitment, leading to slower pacing and poorer running efficiency in the later stages of endurance events (Millet, Martin and Temesi, 2018). In addition to this, gastrointestinal fatigue and nutrient malabsorption are further causes of fatigue during endurance events. GI distress, reported in up to 60% of ultramarathoners, primarily results from splanchnic hypoperfusion, dehydration, and excessive carbohydrate intake (Snipe, 2019). This may reduce nutrient absorption and heightens the risk of nausea, vomiting, and inadequate energy intake during the event. Implementing gut training protocols, where runners progressively increase carbohydrate intake in training, may improve gastrointestinal tolerance and absorption during competition. Another consideration is cumulative and multi-day fatigue, often experienced in ultra marathons. In multi-stage races, incomplete glycogen restoration, poor sleep, and cumulative muscle damage can exacerbate fatigue. Elevated interleukin-6 (IL-6) and creatine kinase (CK) levels persist between stages, indicating systemic inflammation and muscle microtrauma (Rowlands et al, 2012). Nutrient strategies high in antioxidants, omega‑3 fatty acids, and polyphenols may help to reduce inflammation without impairing training induced adaptations.


Laboratory Assessments

Methods
[bookmark: _Int_Q7UFA8cE]All laboratory testing took place in the University of Wales Trinity Saint David Human Performance Laboratory under controlled conditions (19.3 °C; 1005 mBar). Testing was performed in accordance with SENr professional standards, as well as meeting the university’s ethics standards, following completion of a PAR-Q and informed consent form. The assessments targeted aerobic fitness, metabolic efficiency, and body composition, all core determinants of endurance performance and nutritional planning in a multi‑day ultramarathon. The main assessment was a CPET performed on a motorised treadmill using a MetaLyzer 3B‑R3 metabolic cart (Cortex Biophysik, Leipzig, Germany), capturing VO2 VVCO2, RER, VVE, and heart rate. Following a brief 5-minute warm up, the test used a graded incremental running protocol, starting at 8 km/h, and increasing by 1 km/h every 3 minutes until volitional exhaustion. Gas exchange and heart rate data were recorded breath‑by‑breath and averaged over 15‑second intervals. Ventilatory thresholds (VT1 and VT2) were determined using the V-slope and ventilatory equivalent methods, identifying VCO2 vs. VO2 and VE/VCO2 relationships, respectively. Peak fat and carbohydrate oxidation rates were calculated via indirect calorimetry using VO2 and VCO2 data. Resting energy expenditure was estimated using the Mifflin-St Jeor equation, appropriate for active males. Total energy expenditure was estimated by multiplying RMR by a physical activity level of 1.8–2.0, reflecting 6–7 weekly training sessions and producing a TEE of 3150–3520 kcal/day. Body composition was measured using an InBody bioelectrical impedance analysis to quantify body fat percentage, lean mass, and total body water. Skinfold measurements were not taken because the BIA system offers sufficient precision and consistent estimates of body fat distribution for applied sports nutrition contexts.


Results

Table 1. Summary of Laboratory Assessment Results

	Variable
	Unit
	Value
	Interpretation

	Age
	Years
	44
	Middle aged male athlete

	Height
	cm
	185
	-

	Body Mass
	kg
	79.4
	-

	BMI
	kg/m⁻²
	23.2
	Normal, healthy range

	Body fat (BIA)
	%
	14
	Lean endurance profile

	VO2 max
	l/kg/min
	46
	Excellent (AHA classification)

	HRmax
	BPM
	168
	Appropriately maximal

	VT1
	ml/kg/min
	38
	82% of VO2 max

	VT2
	ml/kg/min
	43
	93% of VO2 max

	RER max
	-
	1.10
	Maximal effort

	Peak fat oxidation
	g/hr
	26-36
	Efficient metabolic flexibility

	CHO oxidation
	g/hr
	105–136
	High carbohydrate reliance at high intensity

	Energy expenditure
	kcal/hr
	762–957
	Moderate–high workload cost




Interpretation
The CPET indicated a VO2 Max of 46 ml/kg/min, placing the athlete within the excellent aerobic fitness range for his age according to American Heart Association normative values. This reflects a highly developed oxidative capacity and a robust endurance foundation, both essential for maintaining prolonged submaximal workloads characteristic of ultramarathon and marathon performance. 

The identification of VT1 at 82% VO2 Max and VT2 at 93% VO2 Max indicates a narrow threshold span, suggesting efficient aerobic energy use and a shift toward carbohydrate dominant metabolism. Such a high VT1 suggests the subject can maintain elevated intensities while still relying on aerobic metabolism, a characteristic strongly associated with endurance performance capacity. The close alignment of VT2 with VO2 Max indicates a strong tolerance for elevated lactate levels and rapid recovery between high intensity efforts, an advantage for courses with variable terrain and fluctuating pace demands.

[bookmark: _Int_RGrT7bd2]The substrate oxidation results indicate well developed metabolic flexibility, characterised by an effective transition between fat and carbohydrate utilisation across varying intensities. Peak fat oxidation rates of 26–36 g/h occur at moderate exercise intensities (HR 129–132 bpm), indicating well developed fat oxidation pathways and strong mitochondrial efficiency. This is beneficial for ultramarathon demands, with sustained fat oxidation supporting glycogen conservation and delaying fatigue over multi‑hour stages. As exercise intensity approaches VT2, carbohydrate oxidation values of 105–136 g/h demonstrate strong glycolytic function, which is important for brief periods of elevated intensity such as climbs or tactical accelerations. The energy expenditure of 762–957 kcal/h reflects a high metabolic cost during prolonged endurance exercise, highlighting the importance of sufficient daily carbohydrate intake (6–8 g/kg) and appropriate fluid and electrolyte replacement to support energy balance and thermoregulation. 

[image: ]
Figure 1. Substrate utilisation across increasing exercise intensity, indicating VT1 and VT2 thresholds.

The RER Max of 1.10 verifies that maximal effort was reached, supporting the reliability of the VO2 Max and substrate use data. An RER of 1.10 signals near total carbohydrate use, confirming the athlete reached a physiological maximum with minimal fat oxidation usage. In practical terms, the RER indicates full activation of both aerobic and anaerobic pathways, showing that maximal effort elicited complete substrate utilisation at high intensity. 

[image: ]Figure 2. Respiratory Exchange Ratio (RER) Response During Graded Exercise

A body fat level of 14% and BMI of 23.2 kg/m⁻² suggest an ideal composition for endurance performance, combining an efficient strength‑to‑weight profile with adequate stored energy to support long duration efforts. Such leanness facilitates optimal oxygen utilisation and movement efficiency, with reduced non-functional mass further contributing to improved running performance. 

Finally, the RMR (1760 kcal/day) and TEE (~3300 kcal/day) estimates form the basis for tailoring the athlete’s energy and macronutrient requirements. These values underscore the considerable energy expenditure linked to the subject’s training volume in general, and the training stress for preparation of a multi‑day desert race. Matching daily energy intake to expenditure is vital for preserving performance capacity, supporting hormonal function, and facilitating recovery throughout training and competition.


Comprehensive Nutrition Strategy

Overview and Rationale

[bookmark: _Int_RUEJ3oA8]An effective nutrition strategy must align energy intake, macronutrient distribution, and hydration practices with the athlete’s physiological demands, training load, and environmental context. For endurance runners, especially ultramarathon athletes, nutrition serves three key aims, maintaining energy balance and glycogen availability, supporting recovery and adaptation, and reducing the risk of dehydration, gastrointestinal issues, and immune suppression (John et al, 2025). Given the subject’s estimated TEE of 3,150–3,520 kcal/day during heavy training, his nutrition plan emphasises adequate energy intake, prioritising carbohydrate availability, sufficient protein, and appropriate fat to support metabolic flexibility. 


Daily Energy and Macronutrient Requirements

[bookmark: _Int_SHxnTEgV]For an athlete completing six to seven weekly training sessions, a daily energy intake of 40–70 kcal/kg/day is appropriate for meeting the demands of ultramarathon training. For a 79.4 kg athlete, this corresponds to roughly 3,970–6,350 kcal per day, with higher intakes required during periods of heavy training or competition. Energy intake should adjust in accordance with training load to support adequate recovery and maintain energy balance throughout the training cycle.

Carbohydrates
Carbohydrates should remain the primary energy source, with daily intake adjusted to 6–10g/kg/day according to training volume and intensity. During recovery or tapering, an intake of 4–6 g/kg/day is sufficient, whereas 10–12 g/kg/day is recommended in the days preceding competition to optimise glycogen stores. Daily intake should prioritise complex, low‑glycaemic carbohydrate sources, such as oats, quinoa, wholegrain rice, sweet potatoes, and legumes. During training and competition, the athlete should prioritise rapidly absorbed carbohydrate sources, including maltodextrin gels, white rice, and ripe fruit, to ensure efficient and timely fuel delivery. For sustained exercise, an intake of 60–90 g of carbohydrate per hour can be used to preserve blood glucose availability and attenuate fatigue, with mixed glucose–fructose formulations offering superior absorption. 


Protein
To facilitate effective tissue repair and physiological adaptation, daily protein intake should remain within the range of 1.6–2.0 g/kg/day. To optimise muscle protein synthesis, protein should be consumed in 3–5 evenly spaced meals or snacks, each containing 20–30 g of high‑quality protein and a leucine content of roughly 2–3 g. Following training, rapidly absorbed proteins like whey are most appropriate, while pre‑sleep consumption of casein or blended protein sources can help sustain overnight recovery processes. 

Fat 
Dietary fat should provide approximately 25–30% of total daily energy intake, with an emphasis on unsaturated sources such as olive oil, nuts, seeds, avocados, and oily fish. Such dietary fats contribute to hormonal homeostasis, enhance recovery processes, and promote intramuscular triglyceride utilisation during prolonged exercise. Excessive fat restriction, defined as intake below 15% of total energy, should be avoided because it may compromise immune and endocrine function. 


Pre, Intra, and Post Exercise Nutrition
Pre-Exercise
Three to four hours before exercise, a high‑carbohydrate meal providing 2–3 g·kg⁻¹ of carbohydrate should be consumed, using low‑fibre, easily digestible foods such as rice, pasta, potatoes, or white bread. If tolerated, a pre‑exercise snack supplying approximately 1 g/kg of carbohydrate can be ingested 30–60 minutes before training. Hydration strategies should aim to maintain euhydration, with increased sodium consideration in warmer environments. 

Intra-Exercise
During sessions lasting longer than 90 minutes, the primary focus should be on maintaining carbohydrate availability and sustaining adequate hydration. The athlete should consume 60–90 g of carbohydrate per hour from energy gels, chews, or isotonic drinks, alongside 400–800 ml of fluid per hour, adjusted according to individual sweat rate. Fluids should contain 500–700 mg of sodium per litre to support absorption and help maintain electrolyte balance.

Post-Exercise
Post‑exercise recovery can be optimised by ingesting 1.0–1.2 g/kg of carbohydrate per hour during the initial four hours, combined with approximately 0.3 g/kg of protein to enhance glycogen resynthesis and support muscle repair processes. Rehydration should replace approximately 150% of the fluid lost, as determined by body mass changes, with sodium‑rich foods included to promote fluid retention and stimulate the thirst response.

Ergogenic Aids and Supplementation
The subject’s current supplement use is appropriate and can be maintained. A daily dose of 3–5 g/day of creatine monohydrate is recommended to facilitate recovery processes and improve intramuscular energy provision. Glycerol (1.0 g/kg) consumed with 25–30 ml/kg of water two to three hours before exercise can aid fluid retention and thermoregulation. Beta‑Alanine (4–6 g/day), taken in divided doses, enhances intramuscular buffering capacity and supports high‑intensity efforts. Additionally, caffeine (3–6 mg/kg) taken before competition can enhance focus and reduce perceived exertion, while nitrate‑rich foods such as beetroot juice may improve oxygen efficiency for this athlete. 

Adjustments for Client’s Sex, Age, Sport, and Season
Nutritional planning should consider the athlete’s sex, age, sport, and environmental demands. As a 44‑year‑old male ultramarathon runner, energy and recovery demands are elevated due to greater lean body mass and reduced anabolic sensitivity associated with ageing. Protein intake should remain toward the upper end of recommended ranges, while micronutrient intake should be sufficient to support bone, immune, and cardiovascular health. 
From a sport‑specific standpoint, ultramarathon performance relies on prolonged energy availability, well developed metabolic flexibility, and consistent rehydration throughout the event. Fat oxidation capacity should be supported through balanced macronutrient intake and consistent fuelling. Environmental conditions in Oman, where temperatures regularly exceed 30 °C, require elevated fluid intake (6–8 l/day) and strategic use of isotonic carbohydrate–electrolyte solutions. Pre‑event hydration strategies should include glycerol hyperhydration, while carbohydrate–electrolyte beverages should be ingested consistently during activity. Fluid and electrolyte intake should be seasonally periodised to align with fluctuations in training load and ambient temperature.



Justification of Nutrition Strategy

Physiological and Nutritional Rationale
The preceding recommendations are grounded in an evidence base describing the metabolic and physiological requirements characteristic of endurance athletes. Energy requirements in the range of 40–70 kcal/kg/day correspond to the metabolic cost of high‑volume endurance training, thereby supporting sufficient energy availability and mitigating the risk of hormonal disturbances and low energy availability‑related symptoms (Aktitiz et al, 2024; Logue et al, 2020). A daily carbohydrate intake in the range of 6–10 g/kg/day has been recommended to optimise glycogen synthesis and restore depleted stores. This intake is consistent with established endurance nutrition frameworks, with carbohydrate‑loading protocols of 10–12 g/kg/day demonstrated to optimise glycogen supercompensation and maintain high relative intensities (Hassapidou, 2011; Cao et al, 2025; Podlogar and Wallis, 2022). Carbohydrate oxidation rates of 3–4 g/min during sustained endurance running support the need for intra‑event fueling of 60–90 g/h, with multiple transportable carbohydrate sources enhancing absorption and oxidation efficiency (Rauch et al, 2022; Urdampilleta et al, 2020). Protein intakes of 1.6–2.0 g/kg/day support post‑exercise muscle repair, mitochondrial function, and training adaptation (Balaji et al, 2025). The evidence indicates that evenly distributing protein intake across the day and achieving 20–30 g per feeding optimises muscle protein synthesis (Witard, Hearris and Morgan, 2025; Moore and Krause, 2022). Protein ingestion alongside carbohydrate post‑exercise (0.3 g/kg protein + 1.0–1.2 g/kg carbohydrate) accelerates glycogen resynthesis and supports recovery (Naderi et al, 2025). Allocating around 25–30% of total energy intake to dietary fat facilitates energy supply during low‑intensity exercise, underpins hormone synthesis, and contributes to intramuscular triglyceride utilisation (Brun et al, 2022). Excessive fat restriction (<15% of total energy) may compromise immune function and impair recovery (Goedecke and Lambert, 2003; Howard and Margolis, 2020).


Performance and Recovery Optimisation
This strategy enhances immediate performance outcomes and facilitates long‑term recovery through the coordinated use of nutrient timing principles and substrate‑utilisation strategies. The prescribed pre‑exercise carbohydrate intake (2–3 g/kg, 3–4 hours before exercise) maximises glycogen availability, while intra‑event fuelling with 60–90 g/h of glucose–fructose mixtures help maintain euglycemia and spares endogenous glycogen (Gonzalez et al, 2017). Recent endurance studies validate this strategy, showing that co‑ingestion of multiple‑transportable carbohydrates enhances carbohydrate oxidation rates by as much as 35% relative to single‑source carbohydrate intake (Rowlands and Houltham, 2017). 


Post‑exercise nutrition consisting of 1.0–1.2 g/kg carbohydrate plus 0.3 g/kg protein within 30 minutes accelerates glycogen resynthesis and muscle repair, particularly when paired with rapidly digestible, leucine rich proteins such as whey (Craven et al, 2021). Furthermore, high protein recovery feeding helps mitigate delayed‑onset muscle soreness, and preserve lean body mass, which is especially important for older athletes (Marshall et al, 2020). 


Justification of Ergogenic Aids and Supplementation
Strategically applied ergogenic aids enhance these effects. Supplementing with Creatine monohydrate enhances high‑intensity repeatability and supports cellular energy buffering, improving the capacity to sustain repeated bouts of intense effort (Kreider and Stout, 2021), while Beta Alanine elevates muscle carnosine, enhancing pH regulation and improving fatigue resistance during prolonged high‑intensity efforts (Fernandez-Lazaro et al, 2023). Meanwhile, Glycerol hyperhydration prolongs fluid retention in hot conditions, enhancing thermoregulatory efficiency, a crucial advantage for desert‑based events (Otsuka et al, 2024), while moderate caffeine intake (3–6 mg/kg) has been shown to improve perceptual responses and cognitive alertness, effects that are particularly valuable during the latter phases of extended endurance exercise (Duda et al, 2025). This is particularly advantageous in desert ultramarathon conditions, where thermoregulation is a primary determinant of both performance and safety. Beta‑alanine (4–6 g/day for 4–6 weeks) increases intramuscular carnosine concentrations, enhancing buffering capacity and delaying fatigue during sustained high‑intensity or uphill efforts that elevate hydrogen ion accumulation ((Fernández-Lazaro et al, 2023; Stanibuła et al, 2025). Such supplementation directly benefits the subject’s interval and tempo training and may improve his capacity to execute repeated surges when navigating variable terrain. Finally, caffeine ingestion at 3–6 mg/kg improves central and peripheral ergogenic benefits, including heightened alertness, reduced ratings of perceived exertion, and improved capacity to sustain power during prolonged endurance activity (Wang et al, 2022; Duda et al, 2025). Collectively, these supplements complement one another by targeting energy availability, hydration, and fatigue resistance, key determinants of performance and recovery in ultra‑endurance competition.



Body Composition and Performance Relevance
Body composition exerts a significant influence on running economy, thermal regulation, and the broader efficiency of endurance performance. With 14% body fat and a BMI of 23.2 kg/m, the subject presents body composition well suited to ultra endurance demands, achieving an effective balance between leanness and the energy stores required for prolonged, multi‑day efforts Lower body fat enhances oxygen cost efficiency and heat, whereas excessive reductions can compromise hormonal balance and immune function (Ragland, 2021). 
Monitoring body composition with bioelectrical impedance analysis (BIA) offers practical insight into lean mass, hydration status, and fat‑free mass index. Despite its practicality, BIA remains vulnerable to fluctuations in hydration and ambient conditions, which limits its precision when compared with DEXA (Looney et al, 2024). Nevertheless, in applied practice, the reliability of BIA is sufficient provided that strict, standardised measurement procedures are followed. Regular assessment of body composition supports the evaluation of nutritional sufficiency, mitigates the risk of low energy availability, and enables effective tracking of training related adaptations.

Long-Term Health Considerations
An optimal nutrition strategy must not only enhance performance but also safeguard long-term physiological health. Ultra‑endurance athletes are at increased risk of immune suppression, and hormonal disturbances when energy intake does not adequately match the demands of training (Colangelo et al, 2025). The recommended intake of 50–80 kcal/kg/day helps mitigate this risk by maintaining adequate energy availability. Appropriate macronutrient distribution, sufficient micronutrient availability, and a diet rich in antioxidants collectively attenuate oxidative and inflammatory load, helping to maintain immune function and cardiovascular well‑being (Simeoni et al, 2018).

Muscle Fibre Type and Nutritional Demands
Endurance performance is strongly influenced by the distribution and functional characteristics of skeletal muscle fibre types, particularly the balance between Type I (slow‑twitch) and Type II (fast‑twitch) fibres. Endurance athletes generally display a predominance of Type I muscle fibres, distinguished by high mitochondrial density, rich capillary networks, and enhanced oxidative enzymatic capacity (Zoladz et al, 2022). As a result, endurance athletes require nutritional strategies that sustain continuous oxidative energy production and delay the onset of glycogen depletion. High carbohydrate diets enhance the capacity of Type I fibres to sustain prolonged energy production, whereas sufficient dietary fat intake underpins the utilisation of intramuscular triglycerides during lower‑intensity exercise (Fell et al, 2021). In contrast, Type IIa fibres, which exhibit both oxidative and glycolytic capacity, become increasingly important during hill climbs, surges, and interval efforts, periods that demand higher rates of carbohydrate oxidation and rapid ATP resynthesis (Zumbaugh et al, 2022). Supporting these demands requires strategic carbohydrate availability, particularly before and during sessions that involve sustained tempo or interval efforts. Carbohydrate intakes of 6–10 g/kg/day would provide the substrate availability required for higher‑intensity work, whereas maintaining fat intake at 20–30% of total energy facilitates Type I fibre adaptations that underpin endurance efficiency (Namma-Motonaga et al, 2022). Such a balance promotes metabolic flexibility, facilitating efficient shifts between oxidative and mixed‑substrate energy pathways that underpin the demands of ultramarathon events.


Limitations of study
A limitation of the study was the inability to fully control dietary and environmental variables during both testing and real‑world implementation of the nutrition strategy. Although CPET assessments provide detailed information on threshold physiology and substrate use, their highly controlled settings do not replicate the dynamic and variable conditions encountered during ultra‑endurance exercise. Fluctuations in diet, hydration, sleep, GI tolerance, and temperature can alter metabolism and performance, in practice, fully standardising nutrition across long training or competition periods is rarely achievable. Thus, despite being grounded in sound evidence and physiological principles, the strategy’s success is contingent upon the athlete’s consistent adherence, in the moment decision‑making, and ability to self‑regulate in dynamic conditions. Regular feedback, logging, and reflection are key to confirming the strategy’s practical effectiveness. Future research should aim to overcome these limitations through field‑based and longitudinal tracking of nutrition performance. Integrating continuous glucose monitoring, dietary tracking applications, real‑time evaluation of energy balance and substrate utilisation under environmental and physiological stress. Regular field testing across the training cycle would improve validity and keep nutrition strategies aligned with environmental and individual. By integrating laboratory precision with field‑based monitoring, practitioners can refine nutrition planning, effectively bridging the gap between controlled experimentation and performance.
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