
Introduction
This report presents and interprets the physiological data collected during laboratory testing conducted on the participant to see how the different energy systems and substrates are affected and utilised across various exercises and intensities. The report is primarily written in the third person to maintain an objective tone.
The assessment inducted a graded VO2 max cycling test (Hawkins et al., 2007) to find max aerobic capacity, a Wingate anaerobic power test (Bar-Or, 1987) to measure short term power output, a resting metabolic rate (RMR) test using the douglas bag technique (Douglas, 1911), and a four site skinfold test for body composition (Durnin & Womersley, 1974). These tests provide valuable insight into the participants overall fitness levels, aerobic and anaerobic performance, substrate utilisation and energy balance (Gillen & Hoffman, 2016; Anwar & Noohu, 2016; Mekonen et al., 2023). Understanding these systems and how they work in conjunction with each other across different intensity domains and nutrition is important for designing evidence-based training and recovery strategies for sports performance (Jeukendrup, 2011).

Energy Systems Overview
When we exercise, the body uses three main energy systems to produce ATP (Haff & Triplett, 2016; Kenney, Wilmore & Costill, 2022), each one contributing depending on how hard or how long the activity lasts (McArdle, Katch & Katch, 2015; Gastin, 2001). The first system used is the ATP-PC system, which relies on phosphocreatine stored inside the muscle to make energy available quickly (Baker et al., 2010). This system only lasts a few seconds but is what fuels explosive efforts such as sprints or heavy lifts when the body needs instant energy (McArdle, Katch & Katch, 2015).
As soon as this system runs out (5–10 seconds), the body shifts to anaerobic glycolysis, which uses muscle glycogen to keep producing ATP without requiring oxygen (Brooks & Fahey, 2022; Robergs et al., 2004). This system can fuel high-intensity work for roughly 10–120 seconds (Brooks & Fahey, 2022) The trade-off is that it produces lactate and hydrogen ions, which contribute to muscle burning and increased breathing rate as intensity rises (Brooks & Fahey, 2022).
For anything lasting longer, the main contributor becomes the aerobic oxidative system, which uses both carbohydrate and fat inside the mitochondria to produce ATP (Spriet, 2014). Although slower, this system can sustain energy production for extended periods if fuel and oxygen are available.
Understanding how these systems interact helps explain the changes seen in the participant’s test results, particularly the shift from fat to carbohydrate as workloads approached VT2 and maximal effort, as these systems underpin the metabolic responses observed during the graded exercise test.
Methods and Data Summary & Analysis
Testing was conducted at the University of Wales Trinity Saint David under controlled laboratory conditions (ambient temperature 23.8°C, 1019 mBar). The participant completed a 50:15 step protocol on a Wattbike AtomX, connected to a Cortex Metalyzer 3B-R3 for continuous gas analysis (Hanson et al., 2022). Intensity increased every 60 seconds until exhaustion and use of a Douglas bag to collect respiratory data (McArdle, Katch & Katch, 2015). The test lasted 13.21 minutes, with the participant finishing due to fatigue rated RPE 19-20 on the borg scale (Borg, 1982), confirming maximum effort was achieved consistent with the standardised VO2 max testing criteria (Howley, Bassett & Welch, 1995).
VO2 Max
At maximal intensity, VO2 max reached 2.85 L/min 34 ml/kg/min) with a peak heart rate of 188 bpm and RER of 1.13, indicating near-total carbohydrate utilisation (Jeukendrup & Wallis, 2005; Howley, Bassett & Welch, 1995). Ventilatory threshold 1 (VT1) occurred at 1.82 L/min (64 % VO2 max) and ventilatory threshold 2 (VT2) at 2.49 L/min (88 % VO2 max) (McNaughton & Carroll, 2007). 
Fat oxidation peaked between 84–93 bpm (36–53 W), corresponding to 5–19 g/h, marking the participant’s FatMax range (Achten & Jeukendrup, 2003; Venables, Achten & Jeukendrup, 2005; Randell et al., 2017). Identifying FatMax has practical value for training prescription. Working within this zone can improve mitochondrial density and oxidative enzyme activity, increasing the muscle’s ability to utilise fat efficiently at resting levels and during submaximal exercise (Achten & Jeukendrup, 2003). Regular training at FatMax intensities is also beneficial for body composition management, as a greater proportion of energy is derived from fat stores, and overall metabolic flexibility improvements (Burke & Hawley, 2021). The body’s preference for fat at lower intensities is due to the abundance of stored fat available compared to limited carbohydrate stores (Jeukendrup, 2014; Frayn, 2010). Even a relatively lean individual typically carries 40,000-70-000 kcal of energy stored as fat (Jeukendrup, 2014; Frayn, 2010), whereas total carbohydrates availability is restricted to approximately 400-500g of muscle and liver glycogen (Jeukendrup, 2014) equating to around 1,600-2000 kcal. As fat stores are in abundance during exercise, but glycogen is rapidly depleted at higher intensities, the body uses more energy from fat during low-moderate workloads, as intensity rises, then carbohydrates come into effect (Brooks, Fahey & Baldwin, 2005). Another key reason for this shift is the differing oxygen cost for each fuel. Fat oxidation requires more oxygen per ATP produced, while carbohydrate produces more ATP per unit of oxygen (Burke & Hawley, 2018; Brooks, Fahey & Baldwin, 2005). This research explains the participants data showing the transition from fat oxidation at low workloads to majority carbohydrate use approaching VT2 and maximal exertion.
Wingate
The Wingate anaerobic test was done to identify peak anaerobic power mean power output and fatigue index (Inbar, Bar-Or & Skinner, 1996). The participant achieved a peak power of 1,243.6W (14.8 W·kg⁻¹), which is substantially above typical values for recreationally trained males, with an average of 9-11 W/KG (Topend Sports, 2025), and is similar to results found in strength or power athletes (Zupan et al., 2023). This data suggests the participants high capacity for rapid force production and high ability to recruit type ii muscle fibres (Zupan et al., 2023). A Mean power of 730.8W further supports this data, showing the participant was able to sustain a relatively high proportion of their peak power across the test duration. In contrast, untrained individuals typically produce lower mean power (6-7 W/KG) and data shows a greater performance drop off across the test (Driss & Vandewalle, 2013). Data collected found a minimum power of 442.4 W, resulting in a fatigue index of approximately 35.6 %. Physiologically, the Wingate initially stimulates the ATP-PC system and anaerobic glycolysis (Gastin, 2001; Haff & Triplett, 2015). The participant substantial peak power indicates efficient phosphocreatine utilisation and neuromuscular coordination (Zupan et al., 2023; Ross & Leveritt, 2001), while the ability to maintain moderate output throughout the later stages of the test suggests moderate glycolytic function, however, room for improvement in lactate buffering capacity (Beneke et al., 2002) Total work completed (21,026 J) further supports the data suggesting the participant possesses substantial lean body mass and is fast twitch dominant (Roberts et al., 2020). 
Body Composition
Body composition assessment using the Durin and Womersley equation (Durnin & Womersley, 1974) gave a 15.5% body fat measurement, with 13kg being of fat mass and 71kg lean muscle mass, putting the participant in a healthy range for an active male (Heyward, V.H. & Wagner, D.R. (2004) and supporting analysis of holding substantial lean mass. However, it is important to acknowledge that skinfold-based body fat estimates, such as the Durnin & Womersley method, can introduce error due to technician variability, assumptions about fat distribution, and population-specific prediction equations. 
Resting Metabolic Rate
RMR measured using the Douglas bag (Douglas, 1911) totalled 1,160 kcal/day, lower than the predicted 1,700-1,800 kcal/day range. This could likely to have been due to the measurement duration, and testing conditions such as ambient temperature (23.8°C), as warmer environments can reduce thermoregulatory, slightly lowering RMR (Zhang et al., 2022; Henkel et al., 2025). 
Overall, the data suggests a physiological profile suited to short duration, high power exercise such as weightlifting, sprinting and high explosive sport, but less optimal for long duration aerobic exercise (Mekonen et al., 2023; Hettinga et al., 2019). This supports previous findings of the participants lower relative VO2 max, confirming a strength in anaerobic exercise rather than aerobic long duration exercise.
Substrate and Fuel Use: Deeper Physiology
At rest and during low-intensity exercise, most ATP is generated from fat because oxygen delivery easily meets demand and fat stores are essentially unlimited (Romijn et al., 1993). Although fat provides a large energy reserve (Frayn, 2010), it is slower to metabolise and requires more oxygen per ATP due to the additional steps of B-oxidation before entering the TCA cycle (Brooks, Fahey & Baldwin, 2005). At low intensities, this higher oxygen cost is not limiting, so the body naturally favours fat as the primary fuel source (Achten & Jeukendrup, 2003).
As exercise intensity rises, carbohydrate becomes increasingly important. Glycogen is stored directly within muscle tissue, close to the contractile proteins, allowing for rapid ATP generation through glycolysis and oxidative phosphorylation (Jeukendrup & Wallis, 2005). Carbohydrate yields more ATP per litre of oxygen than fat, making it the more efficient substrate when oxygen delivery becomes restricted at higher workloads (Achten & Jeukendrup, 2003; Jeukendrup & Wallis, 2005). This explains the progressive shift toward carbohydrate as intensity approaches VT2 and beyond (Romijn et al., 1993).
Fuel availability also influences substrate selection. Although, as mentioned, fat stores are effectively limitless, they cannot support the high rates of ATP turnover required during strenuous exercise (Brooks & Mercier, 1994). In contrast, carbohydrate can be broken down quickly enough to meet these demands, which is why it dominates at higher intensities and especially during maximal efforts (Brooks & Mercier, 1994).
This shift is described by the “crossover concept”, which outlines how fat use declines and carbohydrate becomes the primary fuel as intensity increases (Brooks & Mercier, 1994). The crossover is driven by higher glycolytic flux, increased recruitment of fast-twitch motor units, greater sympathetic activation, and rising lactate production (Brooks & Mercier, 1994). Together, these mechanisms explain the transition from mixed-fuel utilisation at moderate intensities to near-complete carbohydrate dependence during high-intensity exercise (Romijn et al., 1993).

Macronutrient, Energy Systems & Exercise Intensity Domains
During exercise, carbohydrate and fat are the main fuel sources, while protein contributes minimally to energy production (Jeukendrup, 2017). The participant’s data shows that carbohydrate oxidation rises sharply once intensity exceeds around 60% VO2max, which aligns with the increase in RER above 1.0, confirming heavy reliance on carbohydrate to sustain high-intensity work (Burke et al., 2018). Below VT1, fat remains the dominant fuel source, indicating that the participant can utilise fat effectively at lower intensities despite having a below-average aerobic profile overall (Venables, Achten & Jeukendrup, 2005; Mekonen et al., 2023). Together, these findings highlight average metabolic flexibility—an important characteristic for endurance performance and aerobic conditioning.
When performance reached above VT2, carbohydrate availability became critical, as glycogen depletion leads to rapid performance decline (Impey et al., 2018; Hearris et al., 2018). Periodised carbohydrate strategies have been shown to enhance glycogen resynthesis, improve high-intensity performance, and optimise substrate use across different training demands (Burke, 2021; Marquet et al., 2016). This ensures that high-intensity sessions are properly fuelled while supporting beneficial adaptation during lower-intensity work.
Post-exercise nutrition is also vital for recovery and adaptation. Spreading protein intake evenly across meals throughout the day further enhances recovery and long-term adaptations (Areta et al., 2013). 
Carbohydrate intake remains important for replenishing muscle glycogen, with research suggesting an optimal carbohydrate-to-protein ratio of 3:1 or 4:1 after prolonged or high-intensity exercise (Burke et al., 2018). Several studies have shown that consuming carbohydrate and protein together enhances glycogen resynthesis and improves subsequent performance more than carbohydrate alone (Ivy et al., 2002; Betts & Williams, 2010), largely due to greater insulin release and glucose uptake (Zawadzki, Yaspelkis & Ivy, 1992).
Fluid and Electrolyte Replacement
Although hydration metrics were not directly measured in the testing protocol, maintaining fluid and electrolyte balance is essential for cardiovascular stability, thermoregulation, and overall exercise performance (Kenefick & Sawka, 2007; Cheuvront & Kenefick, 2014; Goulet, 2023). Even mild dehydration of 2% body mass has been shown to reduce VO2max, elevate heart rate, increase perceived exertion, and impair endurance capacity due to reductions in stroke volume and cardiac output (Cheuvront & Kenefick, 2014; James et al., 2019). Dehydration also increases thermal strain by limiting skin blood flow and sweat, accelerating heat storage during exercise (Kenefick et al., 2010; Gonzalez-Alonso et al., 2008).
Sodium loss through sweating further contributes to reduced plasma volume, impairing neuromuscular function and delaying rehydration (Shirreffs & Sawka, 2011; Hew-Butler et al., 2015). Insufficient sodium intake can also increase the risk of performance sodium deficiency, especially during prolonged or hot-environment exercise (Hew-Butler et al., 2015). To mitigate these effects, guidelines typically recommend consuming 3–8 mL/kg of fluids pre-exercise and 400–800 mL/h during prolonged sessions, alongside 20–30 mmol/L of sodium to optimise fluid retention and maintain thermoregulatory efficiency (Casa et al., 2000; Goulet, 2023). Understanding hydration demands is therefore essential when interpreting the participant’s overall energy balance and training requirements
Energy Balance and Body Composition
As mentioned, RMR was measured substantially lower than the predicted 1,700–1,800 kcal/day for an adult male of this body size. Several factors may explain this discrepancy. Incomplete metabolic stabilisation, such as insufficient rest prior to sampling could reduce accuracy (Compher et al., 2006). Additional contributors include pre-test fatigue, reduced sympathetic nervous system activity, and individual metabolic differences, all of which are posed to influence resting energy expenditure (Soares et al., 2013; Müller, Bosy-Westphal & Heymsfield, 2016; Arciero et al., 1993). Additionally, Douglas bag measurements can underestimate RMR when collection periods are short, or when breathing is irregular, as the method assumes steady-state conditions that may not have been fully achieved during this test (Soares et al., 2013), as this was the first time the participant had experienced using the Douglas bag, this is highly likely to produce inaccurate results. Should this be done again, a familiarisation strategy would be a implementation to attempt more accurate results.
The participant’s absolute VO2max slightly exceeded predicted norms, indicating normal aerobic capacity. However, the relative VO2max value was classified as poor according to American Heart Association reference values (AHA, 2010). This discrepancy again highlights the impact of body mass on oxygen cost per kilogram, although absolute aerobic capacity is normal, the additional mass increases the metabolic cost of movement, reducing relative efficiency at submaximal workloads (Zanovec et al., 2020).
Body composition analysis falls within a healthy range for recreationally active males (ACSM, 2021). Small reductions in fat mass could further improve relative VO2max and submaximal efficiency (Saunders et al., 2004). The participant also displayed a high lean body mass, suggesting a resistance-training background. This was supported by the Wingate results, which showed high peak power reasonable mean power and a moderate fatigue index, all indicating strong fast-twitch fibre recruitment and substantial anaerobic power output (Roberts et al., 2020; Zupan et al., 2023).
Together, these findings illustrate a common trade-off seen in strength-trained individuals: high lean mass supports anaerobic performance but can be detrimental to endurance-based metrics such as relative VO2max, ventilatory thresholds, and sustainable aerobic capacity. 
Application to Training & Nutrition
Training
The results from the physiological testing provide clear guidance on how the participant’s training and nutrition can be structured to maximise performance, improve metabolic efficiency, and target specific weaknesses identified through the VO2max, FatMax, ventilatory thresholds, and Wingate outcomes (Hawley & Burke, 2010).
Several training applications should be implemented to enhance the participant’s future performance. Building an aerobic base should begin with regular Zone A steady-state sessions, which help improve mitochondrial function, capillary density, and fat-oxidation capacity (Holloszy & Coyle, 1984). This forms the foundation required to address the participant’s lower relative aerobic fitness while avoiding excessive fatigue (Achten & Jeukendrup, 2003; Seiler & Kjerland, 2006).
Targeted FatMax training should also be incorporated, as working within the participant’s peak fat-oxidation range will improve metabolic flexibility and support greater reliance on fat during prolonged efforts—important for balancing the participant’s data supported anaerobic dominance (Randell et al., 2017).
To improve VO2max, high-intensity interval training should be placed above the participant’s second threshold. Structured sessions such as 4 × 4-minute intervals with controlled recovery provide effective stimulus for both central and peripheral aerobic adaptations (Laursen & Jenkins, 2002). Threshold work performed just below VT2 will complement this by improving lactate buffering, clearance, and sustainable power output—key areas highlighted as current limitations (Sylta et al., 2014).
Given the strong anaerobic profile demonstrated in the Wingate test, higher-intensity aerobic sessions should be increased gradually, with careful attention to recovery and limited weekly frequency. This approach prevents premature fatigue and allows aerobic development to progress without compromising the participant’s existing strength and power capabilities (Laursen & Jenkins, 2002).
Nutrition
Nutritional strategies should directly reflect the demands highlighted in the participant’s physiological profile (Jeukendrup, 2011). As high-intensity work above VT2 requires rapid ATP turnover, carbohydrate availability must be prioritised on interval and HIT days to maintain power output and delay fatigue (Burke, 2021). Carbohydrate intake should therefore be increased before and after these sessions, ensuring the participant begins training with sufficient glycogen (Burke et al., 2018). In contrast, lower-intensity Zone A and FatMax sessions can occasionally be performed with reduced carbohydrate availability to encourage mitochondrial adaptation and enhance fat-oxidation capacity, following a “train-low” model when appropriate (Marquet et al., 2016). This approach helps balance both high-intensity performance and long-term metabolic flexibility.
Protein should be distributed evenly throughout the day to support recovery from the mixed training programme to maximise muscle repair and adaptation (Phillips & Van Loon, 2011; Morton et al., 2018). The participant would benefit from consuming 20–40 g of high-quality protein soon after training to stimulate muscle-protein synthesis and support repair (Phillips et al., 2016; Morton et al., 2018), particularly from leucine-rich sources such as whey (Churchward-Venne, Burd & Phillips, 2012). Based on the participant’s high lean body mass, recommended daily intake falls between 1.6–2.2 g/kg/day (134–185 g per day) (Phillips & Van Loon, 2011; Helms et al., 2014).
Hydration strategies should also be matched to session demands, with higher fluid and sodium intake used on harder days to maintain cardiovascular stability and limit thermal strain (Cheuvront & Kenefick, 2014). For upcoming longer-duration events, fuelling strategies should include increased carbohydrate intake in the hours before training and regular carbohydrate intake for sessions longer than 60 minutes to sustain performance (Burke et al., 2018). Together, these nutrition strategies align with the metabolic responses seen in testing and support improvements across both aerobic and anaerobic performance (Burke et al., 2018; Phillips & Van Loon, 2011).
Overall, the participant’s physiological data support a training programme that blends low-intensity aerobic conditioning with structured high-intensity intervals performed above VT2 (Seiler & Kjerland, 2006; Laursen & Jenkins, 2002). Nutritionally, carbohydrate periodisation, strategic fuelling around intense sessions, and strong protein distribution will support performance and recovery (Burke, 2021; Morton et al., 2018). These combined strategies directly reflect and apply the metabolic characteristics identified throughout testing, ensuring that both aerobic and anaerobic pathways are appropriately targeted for long-term adaptation (Jeukendrup & Wallis, 2005).
Conclusion
This assessment provided a comprehensive overview of the participant’s physiological profile by analysing aerobic capacity, anaerobic power, substrate use, and body composition. The VO2max test demonstrated clear transitions between energy systems, with fat oxidation dominating at low intensities and a shift toward carbohydrate use approaching VT2 and maximal effort. The Wingate test confirmed strong anaerobic power and fast-twitch fibre recruitment, consistent with the participant’s resistance-training background.
Although absolute VO2max was within normal range, relative VO2max was reduced due to higher body mass, increasing the metabolic cost of movement. RMR results and body-composition data emphasised individual variation in energy balance and the influence of lean mass on endurance performance.
Together, these findings inform practical training and nutritional strategies. Low-intensity FatMax sessions can enhance aerobic efficiency, while high-intensity intervals above VT2 target improvements in VO2max and lactate tolerance. Nutritionally, carbohydrate periodisation, adequate protein intake, and appropriate hydration support performance and recovery.
Overall, the integrated data provide a clear framework for evidence-based training and nutrition planning, helping balance the participant’s anaerobic strengths with improved aerobic capacity.

Part B 
Effects Of Caffeine Gum On Performance – 20 Minute Time Trial.
Introduction
Caffeine is one of the most widely used ergogenic aids in sport and performance because of its positive correlation to boost physical and cognitive performance (Guest et al., 2021). Caffeine stimulates the central nervous system through antagonism of adenosine receptors, increasing alertness, neuromuscular function and more importantly reducing perception of fatigue (Guest et al., 2021). With these aids, performance improvements can be seen during sustained aerobic efforts, with better results and greater tolerance to higher intensities (Chen et al., 2024). Up to date research on caffeine ingestion during endurance and cycling performance is consistent with data showing improvements in power output (W), time trial performance, and ability to hold intensity at higher workloads (Chen et al., 2024). Caffeine gum recently has grown in popularity, due to its faster absorption rate when chewed (buccal absorption) (Kamimori et al., 2002; Yang et al., 2024), meaning it can take effect faster than drinks or capsules, which is important for time sensitive performance such as time trials (Pirmohammadi et al., 2023). Not everyone responds to the stimulant the same, important factors to consider like weight, height, genetics, habitual use and even muscle fibre type can vary in suspected performance aid (Guest et al., 2021). The purpose of this study was to compare caffeine gum with a placebo gum during a 20-minute cycling time trial in recreationally active adults.
Methods
 6 recreationally active adults (5 male 1 female) with a mean age of 43, height of 171.2cm and weight of 85.7kg took part in a randomised, double-blind, crossover design where each participant completed a 20-minute time trial on the Wattbike AtomX. Each participant was given 400mg of caffeine from a brand of caffeine gum recreationally available, or a placebo gum, to minimise bias.
The testing was conducted on a series of tasks. Firstly, participants chewed their assigned gum for 15 minutes. At 5 minutes, a 1-minute Stroop test was completed, shortly followed by a 1-minute reaction time test. After a brief period setting up the Wattbikes, a short warm up was completed at 15 minutes, after which the gum was removed and a baseline peak power output (PPO) test was performed at 19 minutes. Shortly followed by the main test of a 20-minute time trial from 20-40 minutes. A short 2-minute cool down, followed by a second PPO test, post-trial Stroop assessment and post-trial reaction time test followed. Totalling approximately 46 minutes of testing time.
Measuring variables included both pre and post PPO, every 5 minutes average power, heart rate, rate of perceived exertion (RPE) and total distance was recorded. As well as pre/post variables from the Stroop and reaction time tests. Paired samples t-tests were used to compare conditions, with significance accepted at p ≤ 0.05.
Results
	[bookmark: _Hlk215034723]Variable
	Placebo (Mean ± SD)
	Caffeine (Mean ± SD)
	%Δ
	p-value
	Effect size (d)

	Average Power (W)
	167.3 ± 62.7
	181.0 ± 55.3
	+8.2%
	0.0488
	1.06

	Distance (m)
	11345.5 ± 1561.1
	11767.2 ± 1309.5
	+3.7%
	0.0414
	1.11

	Heart Rate (bpm)
	153.3 ± 9.4
	169.2 ± 13.4
	+10.4%
	0.0308
	1.22

	PPO Post (W)
	1128.7 ± 272.5
	1181.3 ± 228.2
	+4.7%
	0.0632
	0.97


Data analysis found improved scores across some, but not all of the caffeine trial compared to placebo. Significant differences were found for total average power (p = 0.0488), total distance (p = 0.0414), and heart rate (p = 0.0308), A non-significant but notable trend was found in the post PPO (p = 0.0632), suggesting a potential performance aid in high intensity exercise with caffeine. No meaningful differences were found in cognitive variables such as Stroop accuracy (p = 0.325), Stroop time (p = 0.345), post reaction time (p = 0.076) although relatively close to significant and RPE (p = 1.00). A summary of significant and near significant outcomes is shown in Table 1.
Table 1. Performance outcomes for caffeine vs placebo during a 20-minute cycling time trial.


Note: Only significant or borderline variables are included.




Discussion & Critical Evaluation
Findings 
Overall, this study found clear performance benefits when using caffeine gum compared to placebo/no caffeine. Total average power was significantly higher with caffeine, which in turn correlated with greater total distance covered during the 20-minute time trial. Heart rate was also significantly higher with caffeine consumption, which is expected because caffeine increases sympathetic activity through its action on the central nervous system (Guest et al., 2021). There was also a borderline increase in post-PPO with caffeine, which raises the question that if testing conditions were different, could this pose a significant difference for high intensity output even after fatigue. On the other hand, cognitive measures found no meaningful differences between trials.
These results are consistent with up to date research showing that caffeine can improve endurance performance and individuals in maintaining higher workloads during time-trial events (Chen et al., 2024; Guest et al., 2021; Grgic et al., 2020). Many studies that look at caffeine ingestion, particularly through gum, found earlier performance benefits and a faster absorption rate (Kamimori et al., 2002; Paton et al., 2010; Yang et al., 2024), which correlates with the significant improvements found in this experiment. The trend in PPO also fits with the literature suggesting caffeine can enhance neuromuscular drive and power-based performance (Grgic et al., 2018), even though this effect did not reach full significance in this data. If there had been a larger sample, these results may have become significant, this can also be said for post reaction time.
Mechanisms 
Caffeine’s ability to improve power output and distance can be explained by how it acts on the central and peripheral systems. One of the main factors being the ability to block adenosine receptors in the brain, which reduces feelings of fatigue and increased alertness (Guest et al., 2021), allowing participants to sustain higher intensities for longer durations. This also gives a greater sympathetic response, contributing to the elevated HR and increasing physiological readiness to perform at higher intensities (Grgic et al., 2020).
As well as effects on the brain, research also suggests that caffeine can enhance motor unit recruitment (Warren et al., 2010), enhancing calcium release within the muscle, which supports stronger contractions (Grgic et al., 2018). This effect is especially useful for fast-twitch muscle fibres, which are responsible for producing rapid, high-force contractions (Burke & Hawley, 2021). This could explain why certain participants saw higher increases in PPO, as dominance in fast-twitch muscle fibres often respond better to high-intensity exercise ergogenic aids (Burke & Hawley, 2021). Considering both the central and muscular mechanisms, the performance improvements observed and data collected, suggests that caffeine offered a real physiological boost rather than the results being due to random fluctuation.
Limitations 
There were several limitations to consider from this study when interpreting the results. The most apparent being the small sample size of 6 participants which reduces the strength of the statistical findings and limits how far the results can be applied to wider groups. Testing was also carried out on back-to-back days, so fatigue from the first session may have carried over into the second despite the crossover design. Another limitation was the lack of a familiarisation session. A 20-minute time trial relies heavily on pacing, and without practice some of the variation in performance may have been due to learning rather than the caffeine itself.
Despite all participants being told to refrain from caffeine consumption the morning of both days, other factors could influence the effects. regular users may have responded differently to those who consume very little. Daily factors such as sleep quality, nutrition, hydration and general stress were also not standardised, all of which can influence HR, RPE and cognitive outcomes (Hale & Raglin, 2002). Individual differences further complicate interpretation, as bodyweight affects the standard 400mg caffeine dose each person received, and muscle fibre type could have influenced how well each participant responded. Lastly, environmental and equipment-related factors—such as motivation, changing rooms from day 1 & 2 which could affect room temperature and Wattbike calibration—may have added extra variability between trials.
Practical Applications
The findings from this study suggest that caffeine gum could be a useful tool for athletes looking for a fast-acting ergogenic aid right before or during performance due to its higher absorption rate when ingested (Kamimori et al., 2002; Yang et al., 2024). The borderline increase seen in post-trial PPO also hints that caffeine gum might offer benefits during repeated high-intensity efforts, sprint finishes or team-sport scenarios that rely heavily on power output. As responses to caffeine vary between individuals, sports performers should trial different doses and timings in training rather than using it for the first time in competition. Practical considerations such as habitual caffeine use, sensitivity, and the timing of ingestion should also be considered. Based on the protocol used in this study, taking caffeine gum around 10–15 minutes before exercise appears appropriate in preparation for exercise.
Future Recommendations
Future research on this topic should look to increase sample size to improve the range of data collected across the whole testing pool and enhance study strength and conclusions. Performing trials over separate weekends and standardising caffeine intake days before the trial to ensure no carry over effects were had on the day. A familiarisation session should be included to ensure there were no pacing or learning effects during the trial. Factors such as nutrition, hydration and sleep should be tracked to reduce or compare variability. Finally comparing different doses of caffeine gum or comparing the effectiveness compared to capsule or liquid form would further increase the reliability and practicality of future studies.
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