ASSIGNMENT TWO – Case Study

1: Client profile and assessment overview

Christopher Dudley is a 35 year old male recreational endurance athlete currently involved in a structured training programme in preparation for a full marathon of 26.2 miles scheduled for April 2026. He trains five times per week following a programme designed to improve aerobic endurance, tolerance to intensities close to key physiological thresholds, and enhance resistance to fatigue during longer runs (Seiler, 2010; Stöggl and Sperlich, 2014).

During the assessment, the client’s body mass was 102kg and his height was 176 cm, resulting in a body mass index of 33. Although body mass index has known limitations in physically active populations due to its inability to distinguish between fat mass and fat free mass, it provides useful contextual information when looked at alongside physiological and performance data (Prentice and Jebb, 2001; Rothman, 2008). In this assessment, body mass index was used to highlight body mass as a performance consideration in a weight bearing endurance activity such as marathon running.

In endurance running, greater body mass has been linked with poorer running economy, higher energy expenditure, and increased thermoregulatory strain during prolonged exercise (Barnes and Kilding, 2015; Pontzer, 2016; Périard et al., 2021). These points increase the mechanical and metabolic cost of running, requiring greater energy expenditure to maintain a given speed and accelerate fatigue. From a nutritional perspective, higher body mass also increases carbohydrate requirements and total energy needs during both training and competition (Burke et al., 2011; Jeukendrup, 2017). These considerations informed the development of an individualised nutrition strategy designed to support training quality while allowing for steady and sustainable improvements in body composition.

Prior to any laboratory testing or nutritional assessment, the client completed a Physical Activity Readiness Questionnaire (PAR-Q) and provided written informed consent. Copies of the completed documentation are included in Appendix A.

A laboratory based CPET was conducted to assess aerobic capacity, ventilatory thresholds, heart rate responses, and patterns of substrate utilisation under controlled conditions. The test resulted in a maximal physiological response, evidenced by a peak heart rate of 199 beats per minute and a respiratory exchange ratio of 1.14. The client achieved a peak oxygen uptake of 4.27 litres per minute, corresponding to a relative value of 42ml per kg per minute. According to normative values published by the American Heart Association, this level of aerobic fitness is classified as good for an adult male (American Heart Association, 2018).

When interpreted alongside body mass, the CPET results suggest that endurance performance may be influenced more by metabolic efficiency and relative oxygen uptake than by central cardiovascular capacity alone. Whilst absolute peak oxygen uptake shows a well developed capacity for oxygen delivery and utilisation, the lower relative value highlights the energetic cost of greater body mass during weight bearing exercise (Barnes and Kilding, 2015).

VT1 was identified at a heart rate of 147 beats per minute, while VT2 occurred at 188 beats per minute. These thresholds show insight into sustainable exercise intensity, substrate utilisation, and fatigue development during prolonged endurance exercise. Exercise performed below VT1 is typically associated with lower physiological strain and greater reliance on fat oxidation, whereas exercise approaching or exceeding VT2 is characterised by increased carbohydrate oxidation and lowered exercise sustainability (Faude et al., 2009; Seiler, 2010).

In the context of marathon training, ventilatory thresholds are commonly used to guide training intensity distribution, pacing strategies, and carbohydrate periodisation (Seiler, 2010). Sustained exercise above VT2 is associated with more rapid muscle glycogen depletion and increased risk of premature fatigue, especially during events lasting longer than two hours (Jeukendrup, 2017). Together, these laboratory findings provided the physiological foundations for the nutrition strategy outlined in the following sections.

2: Physiological and Nutritional Demands of Marathon Running

Marathon running is a long endurance event characterised by continuous submaximal exercise lasting several hours, placing high demands on the cardiovascular, metabolic, neuromuscular, and thermoregulatory systems. Successful marathon performance depends on a strong aerobic system, the ability to sustain exercise at a high proportion of peak oxygen uptake, efficient substrate utilisation, and resistance to fatigue over prolonged durations (Joyner and Coyle, 2008; Seiler, 2010; Burke et al., 2019). Understanding these needs is important for developing an effective nutrition strategy that supports training adaptation, performance, and long term health.

Energy systems and exercise intensity

Aerobic metabolism is the dominant energy system supporting marathon running, with adenosine triphosphate production occurring primarily through oxidative pathways within skeletal muscle mitochondria (Brooks, 2020). Endurance performance is therefore largely determined by the capacity to deliver and utilise oxygen efficiently during prolonged exercise (Joyner and Coyle, 2008).

Marathon pace is typically sustained below VT2 and, particularly in recreational runners, often close to VT1 depending on training status and pacing strategy (Faude et al., 2009; Seiler, 2010). For Chris, VT1 occurred at approximately 147 beats per minute, representing a highly sustainable intensity associated with lower physiological strain and greater reliance on fat oxidation. Exercise approaching VT2 is characterised by a progressive shift towards carbohydrate oxidation due to increased glycolytic flux and lowered capacity to rely on fat as a primary fuel source (Brooks, 2020; Jeukendrup and Gleeson, 2019). Prolonged exposure to these intensities speeds muscle glycogen depletion and increases the risk of premature fatigue, highlighting the importance of aligning carbohydrate intake with higher intensity training sessions (Jeukendrup, 2017).

Substrate utilisation and metabolic demands

Substrate utilisation during marathon running is influenced by exercise intensity, training status, duration, and carb availability (Jeukendrup and Gleeson, 2019). At lower intensities, fat oxidation can contribute substantially to total energy production, especially in trained endurance athletes. However, carbohydrate remains essential due to its faster rate of energy provision and lower oxygen cost per unit of energy produced compared with fat (Romijn et al., 1993; Brooks, 2020).

As the duration of exercise increases, muscle glycogen depletion is a key limiting factor in marathon performance when carbohydrate intake before and during exercise is insufficient. The laboratory assessment indicated that Chris achieves maximal fat oxidation at heart rates between approximately 144 and 152 beats per minute, reflecting a well developed aerobic base. However, marathon performance cannot be sustained on fat oxidation alone, particularly in the later stages of the race when accumulated fatigue and intensity fluctuations increase carbohydrate demand, with inadequate availability associated with impaired pacing and earlier onset of fatigue (Coyle, 2007; Burke et al., 2019; Stellingwerff and Cox, 2014).

Causes of fatigue in marathon running

Fatigue during marathon running arises from both peripheral mechanisms, such as muscle glycogen depletion and impaired force production, and central mechanisms, including lowered central nervous system drive when blood glucose availability falls, with thermoregulatory strain further increasing cardiovascular stress during prolonged exercise, which highlights the importance of carbohydrate and fluid intake for sustained endurance performance (Allen et al., 2008; Ortenblad et al., 2011; Meeusen et al., 2021; Sawka et al., 2011).

Training volume and nutritional implications

Marathon preparation involves high weekly running volumes, with long runs, tempo sessions, and higher intensity interval training. Training five times per week increases total energy expenditure and recovery demands. If dietary intake does not adequately match these requirements, there is an increased risk of low energy availability, which can impair training adaptation, performance, and long term health (Mountjoy et al., 2018; Burke et al., 2019).

Adequate total energy intake is essential to support training quality, recovery, and physiological adaptation. Carb intake plays a central role in supporting muscle glycogen resynthesis and maintaining training intensity, while protein intake supports muscle repair, adaptation, and preservation of lean mass during periods of high training load (Phillips and Van Loon, 2011; Thomas et al., 2016). Dietary fat remains important for overall health and energy balance but must be balanced to ensure carbohydrate requirements are met during key training phases.

3: Laboratory Assessments and Interpretation
        Rationale for assessment selection

A laboratory based CPET was selected as the primary physiological assessment because it provides objective and individualised measures of aerobic capacity, ventilatory thresholds, heart rate responses, and substrate utilisation. In endurance athletes, particularly marathon runners, maximal oxygen uptake and ventilatory thresholds are key determinants of sustainable exercise intensity, pacing plan, and nutritional requirements (Joyner and Coyle, 2008; Faude et al., 2009). Assessment of fat and carbohydrate oxidation across increasing exercise intensities also provides insight into metabolic efficiency and directly informs carbohydrate periodisation strategies for training and competition (Jeukendrup and Gleeson, 2019). Given the prolonged and predominantly aerobic nature of marathon running, CPET is widely regarded as an appropriate method for assessing endurance performance capacity and supporting evidence based training and nutrition planning (Wasserman et al., 2012).

Methods
Christopher completed a maximal CPET in a controlled laboratory environment at the University of Wales Trinity Saint David. Testing was conducted using a MetaLyzer metabolic cart (Cortex Biophysik, Leipzig, Germany), calibrated prior to testing, with conditions maintained at approximately 21 degrees Celsius.

The assessment followed a continuous incremental running protocol performed on a motorised treadmill (h/p/cosmos pluto med, Nussdorf-Traunstein, Germany). Breath by breath gas exchange data was collected throughout to determine oxygen uptake, carbon dioxide production, minute ventilation, and respiratory exchange ratio. Heart rate was monitored continuously using a chest strap telemetry system (Polar H10, Polar Electro, Warwick, United Kingdom), synchronised with the metabolic cart. The test was continued to exhaustion, with attainment of maximal effort supported by a respiratory exchange ratio greater than one point one zero and heart rate values approaching age predicted maximum (Midgley et al., 2007).

Body composition was assessed using bioelectrical impedance analysis (InBody 380, InBody Co. Ltd., Seoul, South Korea). Measures included body mass, skeletal muscle mass, percentage body fat, and segmental distribution of muscle and fat mass. These data provided additional context for interpretation of body mass index, relative oxygen uptake, and running economy in this weight-bearing endurance athlete.
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Figure 1. Estimated fat and carb oxidation rates across increasing exercise intensity during incremental CPET. Maximal fat oxidation occurred at heart rates between approximately 144 and 152 beats per minute.


Interpretation and application to marathon performance 
Figure 1 (full data presented in Appendix E) demonstrates that fat oxidation increased with exercise intensity before peaking at moderate workloads corresponding to heart rates of approximately 144–152 beats per minute. Beyond this range, fat oxidation declined as carbohydrate oxidation became the dominant fuel source, reflecting the expected metabolic shift towards glycolytic pathways as the intensity increased (Jeukendrup and Gleeson, 2019; Brooks, 2020).
Although this indicates a well developed capacity for fat oxidation at moderate intensities, absolute body mass remains a key performance consideration in marathon running due to its influence on running economy, energy cost, and thermoregulatory strain during prolonged exercise. These findings emphasise that endurance performance cannot rely on fat oxidation alone and instead depends on optimising metabolic efficiency and carbohydrate availability to sustain marathon pace.
The identification of VT1 and VT2 provides a practical framework for training intensity distribution and nutritional periodisation. Exercise below VT1 is associated with lower physiological strain and reduced glycogen utilisation, making it suitable for long duration aerobic training. In contrast, exercise approaching VT2 is characterised by a marked increase in carbohydrate oxidation and accelerated muscle glycogen depletion, emphasising the importance of adequate carbohydrate availability to support higher intensity training and race pace efforts (Faude et al., 2009; Jeukendrup, 2017).
Together, these findings demonstrate that while fat oxidation contributes meaningfully to energy provision at lower intensities, carbohydrate remains essential for maintaining blood glucose concentration, sustaining marathon race pace, and delaying fatigue during prolonged running (Coyle, 2007; Stellingwerff and Cox, 2014). This provides a clear physiological basis for the marathon specific nutrition strategy outlined in the following section.
Critical evaluation and limitations 
Bioelectrical impedance analysis indicated a body mass of 102 kgs, a skeletal muscle mass of 45.7kgs, and body fat of 23%, suggesting that elevated body mass reflects a combination of lean and fat tissue rather than excess body fat alone. This provides important context for interpreting body mass index and relative oxygen uptake in this weight bearing endurance athlete (Ackland et al., 2012). However, due to the sensitivity of bioelectrical impedance analysis to hydration status, these values should be interpreted with caution (Kyle et al., 2004; Bosy-Westphal et al., 2017). A summary of the body composition assessment is provided in Appendix F.
Overall, the laboratory assessment provides applied physiological profile relevant to marathon performance. CPET offered objective insight into aerobic capacity, ventilatory thresholds, and substrate utilisation, while body composition assessment supported interpretation of relative oxygen uptake and running economy. Despite recognised limitations, the combined findings enable informed, individualised nutrition planning and directly underpin the nutrition strategy presented in the subsequent section.
Section 4: Comprehensive Nutrition Strategy

Overview and aims of the nutrition strategy

Given the client’s training frequency of 5 sessions per week and the prolonged nature of marathon preparation, a periodised approach is set. Daily energy and macronutrient intake are adjusted according to training load and session intensity, rather than applying a fixed intake across all training days, this will ensure that nutritional support remains aligned with fluctuating physiological demands.

Daily energy requirements

Total daily energy expenditure was estimated using resting metabolic rate prediction equations combined with an activity factor reflective of endurance training performed 5 times per week. Resting metabolic rate was estimated using the Mifflin–St Jeor equation. Other commonly used prediction equations, including Harris–Benedict, Cunningham, and other equations such as Henry or Schofield, were also considered as potential options.

Daily energy requirements were then adjusted according to training load, with higher energy intakes assigned to long run and higher intensity training days to reflect increased exercise energy expenditure and recovery demands. Based on the client’s body mass, training volume, and the duration of typical marathon training sessions, daily energy requirements are estimated to range between approximately 3,200 and 3,800 kilocalories per day.

Maintaining adequate energy intake is prioritised to support training adaptation, reduce fatigue, and minimise the risk of low energy availability. While some loss in body mass may be beneficial for running economy, any changes in body composition are intended to occur gradually and must not compromise training quality, recovery, or long term health.

Macronutrient requirements

Carbohydrate intake forms the base of the nutrition strategy due to its central role in supporting endurance performance and delaying fatigue. Daily carbohydrate intake is set to range between approximately 5 and 7 grams per kilogram of body mass on lower intensity or recovery days, increasing to between 7 and 10 grams per kilogram of body mass on long run and higher intensity training days. For this client, this equates to an intake of approximately 510 to 1,020 grams of carbohydrate per day, depending on training demands.

Carbohydrate intake is prioritised around key training sessions to support muscle glycogen availability and maintain training intensity. Lower carb availability may be tolerated during selected low intensity sessions performed below VT1, where fat oxidation is greater. This approach is applied selectively and is avoided during long runs or higher intensity sessions to prevent excessive glycogen depletion and compromised training adaptation.

Protein intake is recommended at approximately 1.6 to 1.8 grams per kilogram of body mass per day, equating to a daily intake of approximately 160 to 185 grams. Intake is distributed evenly across the day, with approximately 25 to 40 grams per meal, to support muscle protein synthesis, recovery, and maintenance of lean mass.

Protein intake is particularly emphasised during the post exercise period and during phases of high training load, where muscle damage and protein turnover are elevated relative to lower intensity training days.

Dietary fat intake is set to provide approximately 20 to 30 percent of total daily energy intake, equating to approximately 80 to 120 grams per day depending on overall energy intake. This target is based on established dietary reference frameworks and acceptable macronutrient distribution ranges that are regularly applied in sports and exercise nutrition practice.

Pre exercise nutrition is to optimise glycogen availability and hydration prior to training and competition. For sessions longer than 90 minutes or performed at moderate to high intensity, a pre exercise meal containing approximately 1 to 4 grams of carbohydrate per kg of body mass is consumed 3 to 4 hours prior to exercise. For early morning or time constrained sessions, a smaller carbohydrate dense snack providing around 30 to 60 grams of carbohydrate may be eaten/drank within the hour before exercise.

During longer training sessions and marathon competition, carbohydrate intake is used to maintain blood glucose concentration and delay fatigue. For exercise lasting longer than 90 minutes, an intake of approximately 30 to 60 grams of carbohydrate per hour is targeted, increasing towards 60 to 90 grams per hour for sessions exceeding 2.5 hours, provided stomach tolerance has been established during training.

Post exercise

Post exercise nutrition focuses on restoring muscle glycogen stores and supporting muscle repair. Within the first 2 hours following prolonged or high intensity sessions, carbohydrate intake of approximately 1 to 1.2 grams per kilogram of body mass is combined with a protein intake of approximately 25 to 40 grams.

Supplements

Supplement use is considered only where there is clear relevance to the client’s goals. Caffeine may be utilised during key training sessions and on race day, with an intake of approximately 3 to 6 milligrams per kilogram of body mass consumed prior to exercise. No other supplements are considered essential at this stage.

As the marathon approaches, carbohydrate intake is progressively increased in line with rising training volume and intensity, culminating in a short term carbohydrate loading strategy during the final days before competition. During taper periods, total energy intake may be slightly reduced to reflect lower training volume, while maintaining carbohydrate availability.

Monitoring of body mass, training performance, recovery and gastrointestinal comfort will be ongoing so there can be minor adjustments to the nutrition strategy if and when it is required. 

This nutrition strategy is designed to support the physiological demands of marathon training by ensuring adequate energy availability, optimising carbohydrate intake for performance and recovery, and supporting long term health. The strategy is individualised based on laboratory assessment data, training frequency, and marathon specific demands, providing a structured and practical framework to support successful marathon preparation.

Section 5: Justification of the Nutrition Strategy
The nutrition strategy in Section 4 was built to match the demands of marathon running, Chris’s laboratory results, and current evidence for endurance athletes. This section explains why each part of the plan was chosen, using physiological reasoning, reviewed research, and key findings from the CPET, while also evaluating the methods used to estimate energy needs and body composition.
Energy availability and total energy intake
Maintaining adequate energy availability was treated as a priority because marathon training creates a high and repeated energy cost across the week. If energy intake does not keep up with this, the risk increases for poor adaptation, higher fatigue, illness, and injury (Mountjoy et al., 2018). With Chris training 5 times per week, energy intake was therefore set to support session quality and recovery rather than aiming for aggressive weight loss.
Resting metabolic rate was estimated using the Mifflin St Jeor equation, then combined with an activity factor and adjusted for training load to estimate total daily energy needs. Mifflin St Jeor was selected because it has shown strong accuracy across a range of adult body sizes and is commonly used in applied nutrition settings (Frankenfield et al., 2005). This mattered for Chris because his body mass is relatively high, and some older equations may overestimate resting energy expenditure in heavier individuals.
Other equations were considered. The Harris Benedict equation is widely used in practice, but evidence suggests it can overestimate resting energy expenditure in modern samples, especially when body mass is high, which could lead to over prescribing energy needs (Frankenfield et al., 2005). The Cunningham equation is often used in sport because it is based on fat free mass, but its accuracy depends on the quality of the fat free mass measure. In this case, fat free mass was estimated using bioelectrical impedance rather than a criterion method such as DXA, so Cunningham was not prioritised. Population based equations such as Henry or Schofield were also potential options, but they do not account well for individual differences in body composition and athletic training status.
Even with an appropriate equation, predicted values are still estimates. Resting metabolic rate and daily expenditure vary between individuals, and training weeks vary in load. For this reason, the calculated range was treated as a starting point and intended to be refined using practical monitoring such as training performance, recovery, appetite, body mass trends, and overall wellbeing. This reduces the risk of under fuelling while avoiding unnecessary over fuelling.
Although Chris may benefit from modest reductions in body mass for running economy, the strategy avoids rapid energy restriction. Fast or large deficits increase the risk of low energy availability, which is linked with hormonal disruption, impaired bone health, and reduced performance in endurance athletes (Mountjoy et al., 2018; Burke et al., 2019). The plan therefore prioritises consistent fuelling, with gradual body composition change treated as a secondary outcome rather than the main target.
Carbohydrate intake and periodisation
Carbohydrate was prioritised because it is central to marathon performance and delaying fatigue. Muscle glycogen is a key limiter of prolonged endurance capacity, especially in events lasting longer than 2 hours (Coyle, 2007). Chris’s CPET showed that fat oxidation peaked at moderate intensity and then dropped as intensity increased, with carbohydrate oxidation becoming more dominant beyond VT1. This pattern supports the strategy of matching higher carbohydrate intake to harder and longer sessions.
Evidence also shows that fat oxidation alone cannot cover the energy demand of marathon race pace for most runners, especially later in the race when fatigue rises and glycogen becomes more limiting (Jeukendrup, 2017; Burke et al., 2019). This is why carbohydrate intake was scaled with training load so higher intakes on long run and higher intensity days to support glycogen restoration and training quality, with lower intakes on easier days where total carbohydrate demand is lower.
The plan also included selective carbohydrate periodisation. In practice, this means some low intensity sessions below VT1 may be completed with lower carbohydrate availability. This approach is supported by research suggesting that occasional training with reduced carbohydrate availability can increase signals linked with mitochondrial adaptation and fat oxidation (Stellingwerff et al., 2021). However, this was applied conservatively because evidence also shows that repeatedly training with low carbohydrate availability can reduce the ability to train at high intensity and can harm performance outcomes (Burke et al., 2019). The strategy therefore uses low carbs only where it fits the goal of the session, rather than using it as a constant approach.
Protein intake and recovery support 
Protein intake was set at approximately one point six to one point eight grams per kilogram of body mass per day to support recovery and maintain lean mass during marathon training. This aligns with evidence based recommendations for endurance athletes, where protein intake supports muscle repair, remodelling, and adaptation despite the absence of a primary hypertrophy goal (Phillips and Van Loon, 2011).
Adequate protein intake remains important during endurance training due to ongoing protein turnover and cumulative muscle damage, particularly during periods of high training load. Low protein intake can impair recovery and may increase injury risk over time (Thomas et al., 2016). Protein intake was therefore distributed evenly across the day, with regular per meal doses used to support consistent recovery during high frequency training weeks.
Dietary fat and overall health
Dietary fat was kept at moderate levels to support health, hormone function, and absorption of fat soluble vitamins, while avoiding displacement of carbohydrate during heavy training. Some endurance athletes’ trial high fat, low carbohydrate approaches to push fat oxidation higher, but evidence suggests that chronic high fat intake can reduce exercise economy and reduce the ability to perform well at higher intensities (Burke et al., 2017). Given that marathon performance still depends on carbohydrate use as intensity rises towards VT2 and given Chris’s CPET pattern of rising carbohydrate oxidation as intensity increased, fat intake was moderated so carbohydrate targets could be met.
Nutrition for pre, during and post exercise
Pre exercise carbohydrate was included to improve training quality and reduce perceived effort by increasing glycogen availability before long or harder sessions. Evidence supports carbohydrate intake before endurance exercise to improve performance when session duration and intensity are high (Jeukendrup and Gleeson, 2019). This is especially relevant for Chris’s long runs and marathon specific sessions where total carbohydrate need is substantial.
During exercise, carbohydrate intake was prescribed to maintain blood glucose and delay fatigue. Carbohydrate ingestion during prolonged exercise improves endurance performance by supporting carbohydrate availability for working muscle and helping maintain central drive, particularly when exercise duration is long (Jeukendrup, 2017; Meeusen et al., 2021). The strategy’s hourly intake range reflects current evidence, with higher targets saved for longer sessions and race day once gut tolerance has been trained.
Post exercise recovery focuses on glycogen restoration and muscle repair. Evidence supports early carbohydrate intake after hard or long sessions, particularly when sessions occur on consecutive days, and combining carbohydrate with protein supports recovery processes (Thomas et al., 2016). This matters in a 5 sessions per week plan where recovery speed affects the quality of the next training day.
Supplementation and ergogenic aids
Caffeine was included due to its well established ergogenic effect in endurance performance. Evidence shows that caffeine can reduce perceived effort and improve endurance capacity across a range of exercise intensities (Grgic et al., 2020; Spriet, 2014; Burke, 2008). The recommended dose range balances potential performance benefits with the risk of side effects such as gastrointestinal discomfort, anxiety, or sleep disruption, which may negatively affect recovery and subsequent training if poorly timed (Jeukendrup, 2017; Spriet, 2014).
Other supplements were not included because evidence supporting their use in endurance performance is often limited, inconsistent, or context specific, and most nutritional requirements can be met through well planned food based strategies (Burke et al., 2019; Maughan et al., 2018). 
Body composition relevance and assessment considerations
Body composition is relevant in marathon running because higher fat mass generally increases the energy cost of running and can reduce running economy. Evidence links body composition and running economy/performance outcomes in endurance athletes (Barnes and Kilding, 2015). However, it is also important not to overfocus on body mass when performance depends on training quality and fuelling consistency.
A limitation in this case is the method used to assess body composition. Bioelectrical impedance analysis is practical and widely used, but it is sensitive to hydration status and is less accurate than criterion methods such as DXA (Ackland et al., 2012). This limitation affected how fat free mass estimates were interpreted and supported the decision not to rely on fat free mass based equations as the main basis for energy prescription. Future assessment using skinfolds (with good technician reliability) or DXA would improve precision and allow better tracking of small changes over time (Ackland et al., 2012).
Limitations of the assessments and strategy
Several limitations should be acknowledged. CPET provides high quality data on aerobic capacity, ventilatory thresholds, and substrate use during an incremental protocol, but it does not fully represent the steady state demands of marathon running. Substrate oxidation estimates from indirect calorimetry also assume negligible protein contribution and can be less accurate under non steady state conditions, especially at higher intensities (Jeukendrup and Wallis, 2005). In addition, gastrointestinal tolerance to race day carbohydrate targets cannot be confirmed in the lab and must be developed and tested during training.
Despite these limitations, combining CPET findings (including VT1, VT2 and substrate use trends) with the real training context and evidence based guidelines provides a strong basis for individualised planning. Ongoing monitoring and adjustment remain essential, so the strategy stays matched to training demands and Chris’s responses.
Conclusion
Overall, the nutrition strategy is based on physiological needs, informed by Chris’s laboratory data, body profile, and supported by current research. The plan prioritises energy availability, uses carbohydrate strategically to support performance and reduce fatigue, and supports recovery through appropriate protein intake and timing. Method choices (including energy estimation and body composition assessment) are acknowledged as practical but limited, and the strategy includes monitoring to refine targets over time. 
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Appendices

Appendix A: Physical Activity Readiness Questionnaire and Informed Consent

Prior to testing, the participant completed a PAR-Q and provided written informed consent.

· No contraindications to exercise were seen on the questionnaire.
· Consent was obtained prior to any assessment procedures.
· Christopher was informed of the assessment purpose, procedures, potential risks, and the right to withdraw at any time.
· 
PAR-Q completed on 15/11/2025. No contraindications declared. Consent obtained before testing. Participant briefed on risks and withdrawal. Copies attached below. 
[image: ][image: ][image: ][image: ]


Appendix B: Equipment Used

Cardiopulmonary exercise test
· Motorised treadmill: h/p/cosmos pluto med
· Metabolic measurement system: Cortex MetaLyzer 3B
· Heart rate monitoring: Polar H10 chest strap
· Respiratory valve and mouthpiece: Hans Rudolph two-way non-return valve

Body composition
· Bioelectrical impedance analyser: InBody 380

Appendix C: Cardiopulmonary Exercise Test Protocol Summary
· Test type: maximal incremental cardiopulmonary exercise test
· Exercise mode: treadmill running
· Gas exchange: breath-by-breath measurement using the metabolic system
· Heart rate: recorded continuously using telemetry
· Laboratory conditions:
                      Ambient temperature: 21.2c
Barometric pressure: 1005 millibars
· Threshold identification: VT1 and VT2 determined using ventilatory equivalents and gas exchange criteria
· Indicators of maximal effort (as used in this assignment):
                      Respiratory exchange ratio greater than one point one zero
Heart rate approaching age predicted maximum

Appendix D: CPET Results Summary
Participant characteristics
· Age: 35 years
· Sex: male
· Body mass: 102kg
· Height: 176cm
· 
Table 1. Summary of cardiopulmonary exercise test outcomes

	Variable
	Result

	Peak oxygen uptake
	4.27 litres per minute

	Relative peak oxygen uptake
	42 ml per kg per minute

	Peak heart rate
	199bpm

	Respiratory exchange ratio at peak
	1.14

	Ventilatory threshold one
	147bpm

	Ventilatory threshold two
	188bpm

	Maximal fat oxidation
	35 to 38g per hour

	Heart rate at maximal fat oxidation
	144 to 152 bpm




Appendix E: Substrate Oxidation Figure

Figure 1. Estimated fat and carbohydrate oxidation rates across increasing exercise intensity during incremental CPET. Maximal fat oxidation occurred between heart rates of approximately 144 to 152 beats per minute. This figure corresponds to Figure 1 referenced in Section 3.
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Appendix F: Body Composition Assessment Summary
Body composition was assessed using bioelectrical impedance analysis to provide context for body mass index interpretation and relative oxygen uptake.

· Body mass: 102kg
· Skeletal muscle mass: 45.7kg
· Percent body fat: 23.0%
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Results
Key outcomes from the cardiopulmonary exercise test are summarised in Table 1.

Table 1. Summary of cardiopulmonary exercise test outcomes

Variable Result

Peak oxygen uptake 4.27 litres per minute

Relative peak oxygen uptake 42 millilitres per kilogram per minute
Peak heart rate 199 beats per minute

Respiratory exchange ratio at peak|1.14

Ventilatory threshold one 147 beats per minute

Ventilatory threshold two 188 beats per minute

Maximal fat oxidation 35 to 38 grams per hour

Heart rate at maximal fat oxidation|{144 to 152 beats per minute
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