Investigating Exercise Intensity, Substrate Use and Nutritional Interventions
The following data is from a VO2 max test, with gas analysis, on a male ultra endurance runner, aged 52.  The following data was collected - VO2, VCO2, VO2 max and substrate usage.  The physiological data collected will form the basis of a discussion on quantifiable data testing, energy systems, identification of exercise intensity domains and, additionally, the role of nutrition within the context of this discussion.
Oxygen and VO2 max
VO2 is a submaximal measure of oxygen uptake by the body, in contrast to VO2 max which is the measure of the maximum oxygen uptake by the body (Alexander et al.)  The concept of VO2 max was identified by A.V. Hill in the 1920's when he recognised the relationship between oxygen uptake and running speed, and the point at which no further effort could change oxygen uptake (Seiler, S., 2011).  Figure 1 shows the incremental increase in oxygen over time as treadmill speed increases.  
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Figure1 Oxygen uptake & VO2 max

The graph indicates the relationship in speed and oxygen uptake observed by Hill and the point at which maximum uptake was reached, a reading of 4.25L / min of oxygen.  This reading can be used to assess cardiorespiratory fitness level (Srivastava et al., 2024), but to achieve a comparison the absolute reading (4.25L / min) should be considered against other factors.

In 1938 Robinson, (ROBINSON S, 1938) proposed recording VO2 max in relation to bodyweight, to account for varied weights of athletes (Lee, J. & Zhang, 2021).  In the 1980's age was added, as VO2 max reduces with age, (Fleg & Lakatta, 1988) and finally sex, as women's sports became more widespread in the 1980's (Santisteban et al., 2022).  This leads to a reading given in millilitres per minute, per kilo of bodyweight assessed against sex and age for comparison (shown in Figure 2).
[image: ]
Figure 2 (Kaminsky et al., 2015)

Converting 4.25 litres to millilitres and dividing by the subject's weight (4250 ÷ 77kg) gives a VO2 max reading of 55.19 ml / min / kg.  Referring to figure 2, this gives this subject a VO2 max above the 95th percentile for age and gender.

Energy systems
The increase in oxygen uptake in Figure 1, is a response to energy requirements as speed increases.  Muscular contractions require energy, any increase in the rate of contractions or force production will require more energy (Jeukendrup, Asker E., 2019).  In exercise this is referred to as intensity, defined as "the rate of metabolic energy demand during exercise" (Macintosh et al., 2021).  Metabolism is "the chemistry of life" (BING, 1971) and the process of metabolism provides "cells with the energy required to carry out their function" (Judge & Dodd, 2020).  "Metabolic energy demand" therefore refers to chemical demands, on the body, for energy production. 
This energy is supplied at a cellular level by the molecule adenosine triphosphate (ATP).  Energy contained in the bonds between the phosphates is released when ATP is broken down to adenosine diphosphate (ADP) and can be used in muscular contraction (McArdle et al., 2015).

There are 3 metabolic pathways that can provide ATP - the phosphagen system, anaerobic glycolysis and oxidative phosphorylation (Gastin, 2001; Jeukendrup, Asker E., 2019).  Each has differing rates of ATP production, substrate use and metabolic limitations to their duration and therefore use in exercise (Baker et al., 2010).  Figure 3 gives an illustration of their turnover - the rate ATP is used and regenerated.  Mitochondrial fat and carbohydrate are both part of the oxidative system. 
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Figure 3 ATP Turnover by energy system (Baker et al., 2010)

The phosphagen system uses phosphocreatine stored within muscles to provide ATP.  This process does not require oxygen or complex metabolic reactions making the ATP immediately available (Jeukendrup, Asker E., 2019).  However, stores of phosphocreatine are limited and duration before exhaustion is around 6 -10 seconds, at maximal work, before it must be replenished (Baker et al., 2010; Mcmahon & Jenkins).  

Anaerobic glycolysis uses carbohydrate in the form of glucose (from the bloodstream) or glycogen (the stored form of glucose in the liver or muscles) to provide ATP (Forsyth et al., 2024).  Unlike phosphocreatine, glucose is available in greater quantities and glycolysis can contribute ATP for longer - 90 seconds to 2 minutes (Hargreaves & Spriet, 2020; Jeukendrup, Asker E., 2019; Sahlin, 2014).  Like the phosphagen system, glycolysis is anaerobic meaning metabolism occurs "without the use of oxygen, not necessarily in the absence of oxygen" (Svedahl & Macintosh, 2014). 
In glycolysis, glucose forms pyruvate which in turn forms lactate.  Lactate is an important energy source and allows glycolysis to continue by regenerating NAD+ (nicotinamide adenine dinucleotide) (Jeukendrup, Asker E., 2019; Lee, S. et al., 2023; McArdle et al., 2015).  Lactate can be converted into pyruvate, transported to the liver for gluconeogenesis or used as a fuel.
The limiting factor for glycolysis is not availability of fuel but the consequences of its metabolism.  If intensity is high, the rate of glycolysis will be high, and rapid glycolysis leads to an increase in lactate and hydrogen ions from the breakdown of ATP (Jeukendrup, Asker E., 2019).  Hydrogen ions cause an increase in intra cellular acidity, thought to inhibit enzyme activity and thus the ability of the muscle to contract, leading to fatigue (Jeukendrup, Asker E., 2019).  However, the exact mechanism for this and its effect on fatigue are a matter of debate (Cairns, 2006; Robergs et al., 2024; Wan et al., 2017)

Oxidative phosphorylation requires sufficient oxygen, its rate of metabolism is slower than either of the anaerobic systems (Hargreaves & Spriet, 2020).  Fat, carbohydrate and protein can all be metabolised.  Although protein can provide some ATP, it is not a significant contributor of energy unless energy intake becomes extremely limited (Jeukendrup, Asker E. & Achten, 2001).  ATP turnover rate is lower than the anaerobic systems, but fat and carbohydrate are stored in large amounts and have potential to sustain work for a much longer time (Jeukendrup, Asker E., 2019).

Fat oxidation produces a large number of ATP per molecule of fatty acid (Jeukendrup, Asker E., 2019) but is limited by the speed of transport across cells and mitochondrial membranes.  As a result, it cannot produce ATP quickly enough to sustain high intensity exercise.  As intensity increases, fat oxidation rates will rise, level out and decrease (Purdom et al., 2018).  There will be an intensity at which the maximal amount of fat is oxidised, referred to as Fatmax (Jeukendrup, Asker E. & Achten, 2001).  Figure 4 shows the rise and fall of fat usage and Fatmax.
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Figure 4 Fat, carbohydrate use, Fatmax and crossover point.
To meet energy requirement from rising intensity, carbohydrate metabolism increases until the ‘crossover point’ where total percentage of energy decreases from fat and increases from carbohydrate.  Carbohydrate is preferred at increasing intensity as the rate of ATP production is twice that of fatty acids (Mul et al., 2015; Venables et al., 2004) this is illustrated in Figure 4.

All three energy systems work synergistically and respond to exercise intensity, and the immediacy of energy requirement, by contributing what they can, relative to the availability of substrate and their metabolic capacity (Gastin, 2001; Hargreaves & Spriet, 2020).  Figure 5 shows how these systems contribute at differing intensities.
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Figure 5 relative contributions of fat and carbohydrate at intensities of VO2 max (Hargreaves & Spriet, 2020)

Thresholds and intensity domains
Understanding training intensity has long been a goal in athletic performance.  From the 1930's development of Fartlek training,(Foster et al., 2025) to the "first attempt to quantify training intensity" by Robinson et al in 1991 (Seiler, S., 2010).  Modern consensus on establishing intensity revolves around the identifiable metabolic changes in energy requirement (Bishop et al., 2024)
In 1979 Kindermann (Kindermann et al., 1979) identified the aerobic threshold, marked by the first increase in blood lactate and the anaerobic threshold, marked by the point where lactate is at maximum steady state (Seiler, K. S. & Kjerland, 2006).  Ventilatory changes corresponding to these thresholds were discovered in the 1990's (Seiler, K. S. & Kjerland, 2006) and are referred to as ventilatory thresholds 1 and 2 (VT1 & VT).

VT1 can be identified by breakpoint in the relationship between VCO2 and VO2 (Benítez-Muñoz et al., 2024)  This is shown in Figure 6 where there is an obvious change in the trajectory of the data points.
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Figure 6 Ventilatory threshold (VT1)

This indicates a VT1 of 2.62L/min or, expressed as a function of VO2 Max, (2620ml ÷ 77kg) 34.01 ml / min / kg or 62% of VO2 Max.

VT2 can be established as the second "exponential increment in ventilation relative to time" (Benítez-Muñoz et al., 2024), shown in Figure 7 and indicated by the green line where there is a sudden rise and change in distribution of the data points.
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Figure 7 Ventilatory Threshold 2 (VT2)
This indicates a VT2 of 3.50L/min or, expressed as a function of VO2 Max, (3500ml ÷ 77kg) 45.45 ml / min / kg or 82% of VO2 Max.

This understanding of the metabolic processes of increased intensity and the limitations of energy production allowed for the establishment of exercise domains, or zones.  Despite discussion on how best to distribute training, identification of the zones relies on the thresholds identified above (Bishop et al., 2024; Seiler, K. S. & Kjerland, 2004).  They are illustrated in Figure 8
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Figure 8 Intensity domains and their characteristics
 
The role of macro nutrients in exercise and recovery
Fat is stored in large amounts in adipose tissue - Approximately 93,000 kcal for a 70kg human with 15% fat body mass (Jeukendrup, Asker E., 2019).  Stores of this magnitude can easily meet most exercise requirements.  However dietary fat is also an important macronutrient, having a role in both cell and nerve function, it is also required for fat-soluble vitamins (Vitale & Getzin, 2019).  Fat also provides taste and satiety, a consideration in meal planning and athlete satisfaction.  There have been no guidelines developed with weight as a reference, instead the recommendation for fat is - no more than 30% of energy intake and no less than 20% (Schek et al., 2020).

Bodily carbohydrate stores are not as plentiful as fat - approximately 1950 kcal for a 70kg human with 12% body protein mass (Jeukendrup, Asker E., 2019).  Carbohydrate is used over a wide intensity range, aerobically and anaerobically and at a greater rate than fat in higher intensities.(Mul et al., 2015) it is conceivable these stores could be depleted, especially in endurance events.  Since the 1960's it has been understood low glycogen levels will affect muscular force production, even if other fuel sources are available (Ørtenblad et al., 2013).  In long duration events maintaining muscle glycogen stores should be a priority for athletes.  This should pre-exercise for optimal muscle and liver glycogen storage and for ‘supercompensation’ where glycogen stores are increased beyond normal levels (Nutrition and Athletic Performance, 2016; Murray & Rosenbloom, 2018)

Exogenous carbohydrate can be ingested during exercise and oxidised to provide ATP, improving performance, extending duration and sparing muscle glycogen stores (Coyle et al.; Jeukendrup, Asker, 2014; Malone et al., 2021).  After intensive training or competitions, glycogen restoration should be a priority especially as there is link between low glycogen and impaired muscle function - even after a recovery period (Ørtenblad et al., 2013).  

This topic has been well researched and there are comprehensive guidelines for athletes expressed per kilogram of bodyweight for a multitude of scenarios.  This information is best summarised in the ACSM position statement on carbohydrate, Figure 9 (Nutrition and Athletic Performance, 2016)
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Figure 9 ACSM Position statement and guidelines on carbohydrate
Protein contributes around 5% energy expenditure during exercise (Jeukendrup, Asker E., 2019) so priority should be given to carbohydrate.  However, there is evidence that protein ingestion during exercise supresses muscle damage markers and reduces post-exercise muscle soreness (Jäger et al., 2017).  When it comes to performance, there is little evidence additional protein is more effective than carbohydrate alone (Jäger et al., 2017; Van Loon, 2014).  A 2024 systematic review and meta-analysis of the effect of protein on performance concluded there was a "lack of comprehensive evidence regarding the impact of protein on athletes' athletic performance" (Zhao et al., 2024).  

There is evidence that protein ingestion, admittedly with other nutrients, during exercise can cause gastrointestinal distress, impairing performance (De Oliveira et al., 2014). There may be merit in an individual approach to protein during exercise, based on the goals of the athlete and their tolerance for protein.

The ISSN position stand on protein during endurance exercise is, 0.25g / kg body weight / hr (Jäger et al., 2017).  This is based on several studies of cyclists during exhaustive endurance exercise.  It would appear there is little evidence for protein intake during other forms of exercise, that are non-exhaustive.  Additionally, two of the studies (SAUNDERS MJ, 2004; SAUNDERS et al., 2007) while matching carbohydrate amounts, did not match calories to account for the additional protein.  It seems there is room for more study into the subject.

While evidence for protein during exercise is debated, its role post-exercise seems clearer for repair of muscle tissue damage (Ivy, 2004) and metabolic adaptions to training (Nutrition and Athletic Performance, 2016).  The ACSM recommend a range of 1.2 - 2.0 g/kg/day, with the ISSN recommending 1.4 - 2.0 g /kg/day, and 0.25 - 0.3 g/kg within 2 hours following exercise (Vitale & Getzin, 2019).  Whether there is a benefit to the co-ingestion of protein and carbohydrate is also a subject of debate (Ivy, 2004)

For vegan athletes it is worth noting single source plant proteins do not appear as beneficial as animal proteins in recovery, but that 'well formulated' plant protein blends are (Govindasamy et al., 2025).  However, study authors recognised that small sample sizes and moderate to high bias could affect evidence validity with a need for further "high-quality long-term trials" (Govindasamy et al., 2025)
 
Fluid intake during exercise
Water content of an adult varies depending on weight, age, sex, body composition and hydration status, with estimates of 40% - 70% bodyweight (McArdle et al., 2015).  Water has an important role in exercise, responsible for regulating body temperature, as well as being key for many metabolic processes (Jeukendrup, Asker E., 2019).  Dehydration of 2 - 4% will have a negative effect on performance (Armstrong, 2021)

Consensus on fluid intake has evolved over time, 1996 ACSM guidelines were to "start drinking early and at regular intervals...or consume the maximum amount tolerable" (Vitale & Getzin, 2019).  However, an increasing number of incidences of hyponatremia, potentially fatal low serum sodium concentrations caused by excessive water consumption (Jeukendrup, Asker E., 2019), prompted a re-evaluation.  2007 ACSM updated guidelines were for fluid intake to be "ad libidum" (as necessary) with a recommended range of 400 - 800 ml/hr (Exercise and Fluid Replacement, 2007).  They also acknowledged specific factors such as heat, intensity and sweat rate should inform an individual athletes fluid intake. 

There is little evidence that exogenous electrolyte replacement prevents cramp or hyponatremia (Armstrong, 2021) however, the ACSM provides guidelines of 300-600 mg/hr of sodium for athletes with sweat rates greater than 1.2 l/h, 'salty sweaters' and events over 2 hours. 

Energy balance
Energy balance is the relationship between energy intake and expenditure.  When expenditure exceeds intake, weight loss will occur and vice versa, energy expenditure is a combination of basal metabolic rate, activity and the thermic effect of food (Jeukendrup, Asker E., 2019).

Some sports have weight categories (contact sports, weightlifting) or a preference for lower weight / lower fat body composition (dance, gymnastics) and athletes may restrict energy intake (Jeukendrup, Asker E., 2019).  Low energy availability can lead to 'REDS' (Relative Energy Deficiency in Sport).  The most serious symptoms are, impaired reproductive function, impaired bone health, gastrointestinal problems and reduced immune function (Torstveit et al., 2023)  Low energy intake can be a deliberate choice to reduce weight but may also be a lack of knowledge (Torstveit et al., 2023).  These causes should be addressed to ensure an athlete can meet their goals in a way that is optimal for performance and health. 

Endurance athletes in contrast, can have a high energy expenditure, particularly in ultra distance running or cycling, long course triathlon and multi-day events, necessitating a large intake in energy for performance and health (Jeukendrup, Asker E., 2019).  In these sports many factors prevent a challenge - available feeding times, 'taste fatigue', gastrointestinal distress, the amount of energy required as well as ensuring optimal macro nutrients are met (Tiller et al., 2019)


The role of data
Data is information and collections of information can be organised and analysed to make it meaningful and to provide evidence.  As stated by (Robinson et al., 2023) "evidence-based practice guidelines function as a starting place for designing and providing individualized nutrition and physical activity intervention".  Data collection allows for the measurement of variables that can be altered through training or nutrition.  Collecting the same data points after a training or dietary intervention will allow assessment of the effectiveness of the intervention.

As technology develops the amount of data collection become more available.  Wearable items such as smart watches can collect a wide range of data including but not limited to, heart rate, pace, cadence and calorie usage.  There are many apps such capable of recording nutritional intake and providing generic guidance for weight management.  Tests such as VO2 max, once the preserve of laboratory testing, are becoming more widespread and easily accessible - the metabolic testing market in the UK alone is forecast to expand by 8.16% between 2025 and 2033 (https://reedintelligence.com/insights/metabolic-testing-market/united-kingdom?)

With all data collection, the key is that the practitioner or coach has the knowledge, based on evidence, to identify what data is important, what it is tells them about an athlete and how that should best inform training and / or nutritional intervention.  This advice should always fall within the scope of practice and qualification remit of the practitioner as well as their code of conduct such as: SENR code of conduct https://bit.ly/4roAjKn. 
















A Study of the effect of caffeine supplementation on cognitive and physiological performance
Consumption of caffeine has been prevalent across the globe for over 2000 years and its effect on mood and alertness recognised by many cultures (Fredholm & Institutet, 2014).  Experiments into its use have been recorded since the 16th century, (Fredholm & Institutet, 2014), but studies into the effect of caffeine on sporting performance were not done until the 1970's (Lorenzo Calvo et al., 2021) 

Caffeine was listed as a banned substance by the IOC between 1984 - 2004 due to concerns about health implications, but since in 2004 it was moved to the 'monitored' category where its effect can be further assessed (Diel, 2020).

Reported effects of caffeine include lowering perceived exertion, muscular strength, muscular endurance, sprinting, jumping, throwing, cognitive function, alertness and mood (Guest et al., 2021).

The aim of the study was to test the effect of caffeine on the physiological & psychological functions - heart rate, peak power output, mean power output, reaction time and cognitive ability. 

Test protocol
The study was a randomised, controlled, double blind crossover study, numbering 6 participants.  The age range was 28 - 52 and participants had a fitness background with a mix of training experience.

Tests were conducted at 9am on back-to-back mornings.  Participants were instructed not to have caffeine on the morning of the tests and were randomised into 2 groups via  https://www.random.org/ 

Each participant consumed either, a caffeine gum containing 400mg of caffeine, or an equivalent portion size of placebo gum.  400mg represents a dosage range of 3.96 - 5.19 mg/kg in line with recommendations of 3-6 mg/kg (Guest et al., 2021).  Gums were chewed for 15 minutes before disposal.

Gums used:  	Placebo - Mentos chewing gum https://bit.ly/3LOkc8D, 
		Caffeine gum - Healthspan Elite Kick Start Gum https://bit.ly/48njUhK 

Cognitive Tests were performed on an iPad both before and after physical tests. Stroop Test  - https://strooptest.run/  Reaction test - https://bit.ly/49ZbM8n 

Physical tests were: 20-minute time trial and a 6 second maximum power test performed before and after the time trial.  Both were performed on a Wattbike - https://wattbike.com/ after a 5-minute warm up.  Figure 10 illustrates the protocol.
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Figure 10 Caffeine study protocol


Results
In the cognitive test no difference was found in the accuracy scores for either the Stroop test or the reaction test.  Similarly, no difference was found in the reaction times for either test.
There was an increase in the peak power output of the caffeinated subjects, post time trial, although it was not statistically significant (P=0.063) (Figure 11).  However, there were statistically significant changes in average power (P=0.049), total distance (P=0.041) and average heart rate (P=0.031), these are illustrated in Figures 12, 13 and 14 respectively
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Figure 11 Peak power output, pre and post caffeine
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Figure 12 Average power placebo vs. caffeine
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Figure 13 Total distance placebo vs. caffeine
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Figure 14 Average heart rate placebo vs. caffeine

Discussion and limitations
The effect of a 400mg caffeine dosage gave an increase in average power output, distance covered and heart rate.  The performance increases are consistent with the findings of a recent systematic review and meta-analysis of the effect of a similar dosage of caffeine on time trials, concluding there were significant performance gains (Chen et al., 2024).  The increase in average distance of 421.7 metres represents a 3.72% increase and the average power increase of 13.5 watts an 8.10% increase.  The meta-analysis found a 2% increase in performance (Chen et al., 2024) these studies judged performance against time for a given distance of either 4km or 40 km.

The reasons for performance increases using caffeine are not clear, but it has been shown to influence the central nervous system and consequently the fatigue index or rate of perceived exertion (Guest et al., 2021; Yang et al., 2024).   It is possible that it reduces the pain felt by a subject and there is some evidence that caffeine has an analgesic effect (Guest et al., 2021) but other studies have not confirmed this.  This study did not find any significance in the reduction of perceived exertion.  Other possibilities include the mobilisation of calcium ions to aid muscle contraction (Guest et al., 2021) and therefore power output.

The increase in average heart rate, of 15.7 beats per minute, is a possible consequence of the work required to increase average power and distance.  However, it is worth noting that a systematic review of caffeine side effects listed tachycardia as the most common side effect (83%) (De Souza et al., 2022) further study should consider this when collecting and interpreting heart rate data.

While there are no exact numbers that makes up an ideal study, the small number of participants is a limitation.  Sample size should be "representative of the population" (Andrade, 2020) and a sample size of 6 is unlikely to allow for a representative split of sex, ages and ethnic backgrounds.  Further studies should include a greater sample size and possible investigation into gender age and ethnicity to see if there are any meaningful conclusions.

A 20-minute time trial is strenuous and back-to-back morning tests may have resulted in fatigue on the second morning.  Another limitation is unfamiliarity with a time trial protocol, bike and the ability to pace which could influence results.  Despite there being no set guidelines, test familiarisation is a common practice (Hibbert et al., 2017) and could be implemented in further studies as could greater rest periods between tests.

Nutrition is another potential limitation as intake and timing of nutrition on the morning was not controlled or recorded.  Pre-test nutrition can influence test performances and examination of participant pre-test nutrition has revealed a large variability (Jeacocke & Burke, 2010).  It is suggested that in tests researchers should provide a "comprehensive description of the dietary standardization protocols" (Jeacocke & Burke, 2010).  Habitual alcohol consumption in addition to gender and genetic type also influence the metabolic effects of caffeine and should be considered for inclusion (Chen et al., 2024).  

Limitations in the cognitive and reaction test were technological.  Reaction time and Stroop tests were online and therefore subject to internet connectivity.  The reaction test measured reaction times in tenths of a second, whereas typical reaction times are measured at 200-300 milliseconds (Passell et al., 2022) thus, the software was not sensitive enough to draw meaningful conclusions.  In a study on reaction time tests, variables such as touch screen latency and operating system affected the recording of accuracy of reaction times additionally, the user interface was a significant difference (p<0.001) in measured performance (Passell et al., 2022).  This suggests that in a future study on cognitive and reaction times, consideration should be given to the technological components of the test. 

Practical application
Caffeine is widely used and well-studied in a variety of fields; a literature review found 2824 studies using the keyword "caffeine" and "intake" or "consumption" (Verster & Koenig, 2018).  It has been shown to make small to moderate performance benefits including, but not limited to, jumping, muscular endurance, aerobic endurance as well as cognitive function (Guest et al., 2021).  Despite some concern over its use during the IOC ban, it is generally considered safe to use, while acknowledging there are certain populations for whom it should be used with caution, such as children, pregnant or lactating women, young adults, populations with underlying heart conditions and mental illness (Temple et al., 2017).

While potential risk factors exist, such as headache, tachycardia, gastrointestinal distress, irritability and insomnia these are generally present in cases where the dose exceeds 6 mg/kg, above the dose recommended by the ISSN (De Souza et al., 2022; Guest et al., 2021).  However, incidences were also observed in doses less than 3 mg/kg (De Souza et al., 2022).  In a 'real world' scenario, focus should be given to the individual tolerance for caffeine and, if introducing it as a supplement, common side effects should be identified and monitored. 

Dosage, timing & method of delivery are important factors to consider.  The guidance from the ISSN of 3 - 6 mg/kg is consistent with the research for performance improvement, with little evidence supporting lower doses (Chen et al., 2024; De Souza et al., 2022; Guest et al., 2021). 

The method of delivery will inform the timing of the dose, with oral chews and chewing gum having a rapid delivery estimated between 5 - 15 minutes (Guest et al., 2021).  Caffeine containing beverages such as sugar free cola, coffee and caffeine capsules have been reported as taking 39, 42 and 67 minutes respectively, however criticism the study designs have cast some doubt on the accuracy of these figures (Guest et al., 2021).  Until there is more evidence on the absorption rates of individual products, it seems reasonable to acknowledge there is a variance in absorption time, and this should be considered when supplementing.

There are several factors to consider in choosing a caffeine supplement, athlete preference, the amount required and the amount of product ingested to obtain this amount.  For example, Diet Coke contains 46.3 mg of caffeine per 12oz / 354 ml (Chou & Bell, 2007) meaning that an 80kg athlete taking 4 mg/kg (a 320 mg dose of caffeine) would have to ingest 2442 ml of liquid!   It may not be possible to carry this amount of liquid on a bike or while running, not to mention the large amount of carbonated liquid that would need to be consumed.  If the same caffeine content could be achieved with 4 pieces of gum, it may be more convenient.  Finally, it should be worth remembering that caffeine has potential side effects and a framework to monitor these for both coach and athlete is a sensible precaution.
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Situation Carhohydrate Targets Comments on Type and Timing of Carbohydrate Intake

DAILY NEEDS FOR FUEL AND RECOVERY

1. The following targets are intended to provide high carbohydrate availability (ie, to meet the carbohydrate needs of the muscle and central nervous system) for different exercise
loads for scenarios where it is important to exercise with high quality and/or at high intensity. These general recommendations should be fine-tuned with individual consideration
of total energy needs, specific training needs and feedback from training performance.

2. On other occasions, when exercise quality or intensity is less important, it may be less important to achieve these carbohydrate targets or to arrange carbohydrate intake over the
day to optimise availability for specific sessions. In these cases, carbohydrate intake may be chosen to suit energy goals, food preferences, or food availability.

3. In some scenarios, when the focus is on enhancing the training stimulus or adaptive response, low carbohydrate availability may be deliberately achieved by reducing total
carbohydrate intake, or by manipulating carbohydrate intake related to training sessions (eg, training in a fasted state, undertaking a second session of exercise without
adequate opportunity for refuelling after the first session).

Light o Low intensity or skill-based 3-5 g/kg of athlete’s body « Timing of intake of carbohydrate over the day may
activities weight/d be manipulated to promote high carbohydrate availability
Moderate « Moderate exercise program 5-7 g/ka/d for a specific session by consuming carbohydrate before
(eg, ~1 h per day) or during the session, or in recovery from a previous session.
High  Endurance program (eg, 1-3 h/d  6-10 g/kg/d « Otherwise, as long as total fuel needs are provided, the pattern of
mod-high-intensity exercise) intake may simply be guided by convenience and individual choice.
Very High o Extreme commitment (eg, >4-5 h/d 8-12 g/kg/d » Athletes should choose nutrient-rich carbohydrate sources to
mod-high intensity exercise allow overall nutrient needs to be met.

ACUTE FUELLING STRATEGIES - these guidelines promote high carbohydrate availability to promote optimal performance in competition or key training sessions

General fuelling up « Preparation for events < 90 min 7-12 g/kg per 24 h as for « Athletes may choose carbohydrate-rich sources that are low in
exercise daily fuel needs fiber/residue and easily consumed to ensure that fuel targets are
Carbohydrate loading  Preparation for events > 90 min of 36-48 h of 10-12 g/kg body met, and to meet goals for gut comfort or lighter ‘racing weight”.
sustained/intermittent exercise weight per 24 h
Speedy refuelling « <8 h recovery between 2 fuel 1-1.2 g/kg/h for first 4 h then e There may be benefits in consuming small regular snacks
demanding sessions resume daily fuel needs o Garbohydrate rich foods and drink may help to ensure that
fuel targets are met.
Pre-event fuelling « Before exercise > 60 min 1-4 g/kg consumed 1-4 h « Timing, amount and type of carbohydrate foods and drinks should
before exercise be chosen to suit the practical needs of the event and individual
preferences/experiences.

« Choices high in fat/protein/fiber may need to be avoided to
reduce risk of gastrointestinal issues during the event.

« Low glycemic index choices may provide a more sustained source
of fuel for situations where carbohydrate cannot be consumed
during exercise.

During brief exercise * <45 min Not needed
During sustained high intensity ® 45-75 min Small amounts including « A range of drinks and sports products can provide easily
exercise mouth rinse consumed carbohydrate.

« The frequent contact of carbohydrate with the mouth and
oral cavity can stimulate parts of the brain and central nervous
system to enhance perceptions of well-being and increase
self-chosen work outputs.

During endurance exercise e1-25h 30-60 g/h « Carbohydrate intake provides a source of fuel for the muscle to
including “stop and start” sports supplement endogenous stores.

« Opportunities to consume foods and drinks vary according to the
rules and nature of each sport.

A range of everyday dietary choices and specialised sports
products ranging in form from liquid to solid may be useful

o The athlete should practice to find a refuelling plan that suits their
individual goals including hydration needs and gut comfort.

During ultra-endurance exercise *>25-3h Up to 90 g/h * As above.

 Higher intakes of carbohydrate are associated with better
performance.

« Products providing multiple transportable carbohydrates
{Glucose:fructose mixtures) achieve high rates of oxidation of
carbohydrate consumed during exercise.
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