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Case Study: How to prepare a 1500metre female athlete from the UK for the Diamond League 1500metre race in Doha Qatar.
Summary of event, predominant energy systems used, expected environmental conditions.
Contested since 1896, and referred to as the ‘metric mile’, the World Athletics Organisation describes the 1500metre event as a marquee middle-distance event which demands a fine balance of aerobic and anaerobic fitness and conditioning (WorldAthletics.org, 2021). Covering three and three-quarters laps of the standard 400metre running track the average running time for women at the 2022 Doha Diamond League is calculated at 4:14.4minutes (Diamond League AG, 2024).
According to Jiamin (2015) the energy systems used in the 1500metre is contested widely with some authors attributing aerobic system as providing between 72-76% contribution to generating ATP in the 1500metre event, however, other research indicates closer to 50% of both aerobic and anaerobic energy system usage. Balasekaran et al., (2021) refers to Spenser and Gastin (2001) who claimed that there was an underestimation of the contribution of relative aerobic energy to intensive exercise in 1500m running. Jiamin, (2015) suggests that the level, age, and gender of the athlete can influence the most dominant energy system during a 1500metre race, the authors conclude that a beginner will be more dominant on the aerobic energy system therefore taking them longer to complete the race whilst a more experienced athlete will complete the race quicker relying more on the anaerobic energy system. This extra anaerobic requirement for middle distance running is echoed in a comparison study of physical characteristics and capacity of sprinters and middle-distance runners (Wiriawan and Kesa, 2020).
[bookmark: _Hlk158797640]The athlete is entering the Diamond League athletics to compete in the woman’s 1500metre race in Doha on the 10th of May 2024. Doha is lying in the subtropical zone, with a consistent desert climate and low levels of rainfall. In summer, temperatures are very hot and humidity levels are also high (Lemmin-Woolfrey, 2019), these conditions are discussed as detrimental to athletic performance by numerous authors as evaporative stress rates are impaired by the conditions (Maughan et al., 2012; Lei et al., 2021; Bongers et al., 2021) . In May, Doha is expected to be approximately 34°c with highs of 40°c and lows of 28°c and in the summer, humidity can reach 40 – 60% (holiday-weather.com, 2024). For athletes from more temperate climates such as the UK these temperatures are more than those that the athlete usually experiences during training and events close to home (holiday-weather.com, 2024).
Factors that influence fatigue in 1500metre race
Ferri et al., (2012) indicate that there are a range of determinants for performance in athletes running the 1500metre. The authors state how this event utilises the athlete’s aerobic metabolism to its maximum power and the anaerobic metabolism to its maximum capacity. Balasekaran et al., (2021) indicate that highly trained athletes show major improvements in VO2 capacity than untrained runners and similarly have different profiles of energy system usage over 1500metres recorded at 10 second intervals. As expected, trained athletes have higher oxygen uptake and lower oxygen deficits (Balasekaran et al., 2021). Ferri et al., (2012) show that various factors associated with oxygen consumption affect running time; such as VO2 max, running economy, and time to exhaustion.  Ferri et al., (2012) also note that high average intensity of 1500metre running must also include a VO2 slow component where exercise is performed above lactate threshold and is associated with fatigue as muscles lose efficiency (Jones et al., 2011). Haugen et al., (2021) discusses how training to optimise energy mobilisation and utilisation, O2 kinetics in conjunction with anaerobic power and capacity training is optimal for middle distance runners.
Lactate is associated with time to exhaustion and according to Ferri et al., (2012) increased time to exhaustion at VO2max is associated with greater anaerobic contribution, which is reliant on the ability to produce lactate and tolerance to higher lactate concentrations. According to Hall et al., (2016) lactic acid has been considered as a waste product, produced by a switch to anaerobic metabolism once exercise intensity exceeds VO2max, resulting in an oxygen debt. This switch was understood to lead to a build-up of lactate in the blood (lactic acidosis), impairments to muscle contractions resulting in fatigue (Hall et al., 2016). The authors follow by highlighting more recent developments in the understanding of lactic acid, showing that with increasing duration of exercise glycolytic pathways produce ATP and pyruvate to support energy production, a by-product is increased H+ ions, if Pyruvate continues to increase it is converted to lactate by lactate dehydrogenase, supporting ongoing glycolysis and consuming a proton, playing a role in buffering against acidosis (Robergs et al., 2004; Hall et al., 2016). According to the authors it may also benefit the athlete by inducing a greater release of oxygen from haemoglobin, stimulating ventilatory pathways, enhancing blood flow to muscles, and increasing cardiovascular drive (Robergs et al., 2004; Hall et al., 2016).
Effects of Competing in Heat
Extreme heat can affect thermoregulatory processes and result in a decrease in performance of athletes (Lei and Wang, 2021). Lei and Wang discuss difficulties with perspiration and the effectiveness of this evaporative cooling method at high and humid temperatures, this can result in higher heat strain index and higher heat storage within the body and core further affecting cardiovascular strain. Exercise in hot and humid environments lead to increased heart rate elevation and a drop in stroke volume, as blood volume in the skin must be increased to maximise capacity for heat loss at the skin surface (Chou and Coyle, 2023). 
Chou and Coyle (2023) show that intensity of exercise plays a role in the cardiorespiratory response to heat, with blood pooling assisting in cooling at mild to moderate intensities. However, at higher intensities of exercise hot skin does not increase blood flow once core temperatures reach >38°C resulting in no blood pooling and less cooling for the athlete.  In this circumstance, the heart must pump faster and so stroke volume decreases and cardiac pumping capacity is reduced, not favourable during high demand moderate to high intensity exercise (Chou and Coyle, 2023). Core body temperature is an important measurement for exercising in extreme heat environments posing a significant risk to athletes if core body temperature rises 4-5 degrees. A core temperature increase of 1-2 degrees is usually tolerable but if exceeded can lead to heat cramps, heat exhaustion: characterised by weak rapid pulse, low blood pressure, dizziness, nausea and vomiting, and exertional heat stroke in the most extreme circumstance (Periard et al., 2022). 
Acclimatization strategies
Sawka et al., (2016) suggest that athletes who are aerobically trained, which would include 1500metre runners, can acclimatise more quickly than athletes with low aerobic fitness by as much as 50% and benefit for longer. The physiological strain and exercise capacity in warm and hot climates can be reduced by aerobic exercise training in temperate climates (Périard et al., 2015; Sawka et al., 2016) however such training cannot replace heat acclimatization (Sawka et al., 2016). The importance of the aerobic contribution and its previous underestimation for 1500metre athletes provides justification for the need to heat acclimatise to maintain running capabilities. Waldron et al., (2021) discuss how heat acclimation can be beneficial to athletes as it allows for adaptations to maximal oxygen consumption V02max and Corbett et al., (2017) suggest that heat acclimation reduces the thermal-strain and mitigates the effect heat has on the body.
The most effective strategy to acclimatise and prevent injury associated with exercise in extreme heat, is to travel to the country 14-days before the event to train and be exposed to environmental conditions in the host country (Nye et al., 2023; Kigen, 2023). However, in numerous cases athletes will not be able to do this due to travel expenses and other responsibilities (Kigen, 2023). Fortunately, following a strict protocol of exposure to artificial heat during exercise for a minimum of two hours a day for the same 14-day period in their normal environment can also lead to heat acclimation (Nye et al., 2023). This strict protocol is necessary as the beneficial physiological adaptations seen with heat acclimatization reduce by 2.5% for every day without heat exposure training. To heat acclimatise, the athlete must repeatedly raise the core body temperature and the skin temperature causing extreme sweating, this can be achieved through an active approach (exercising in the heat/exercising in clothes restricting heat loss) or through a passive approach (exposing the body to heat after exercising) (Corbett et al., 2017; Kigen, 2023). Corbett et al., (2017) note that research suggests female athletes may take longer to achieve the same benefits a male athlete requires to heat acclimatise.
Kigen (2023) suggest the most common method of heat acclimation leading up to the event is to sauna bath after exercise. This is beneficial because it helps the athlete to acclimatise without over training through exercising in the heat leading up to the event (Racinais et al., 2015). Kigen (2023) suggests that it is important to consider alternative techniques to heat acclimation due to limitation in what athletes have access to, techniques such as training in excess clothing and heat chambers are common active acclimation methods and sauna bathing and how baths are common passive approaches to heat acclimation (Nye et al., 2023; Kigen, 2023; Corbett et al., 2017).
Another strategy to avoid overheating during an event in a hot country is to pre-cool before the event (Gibson et al., 2019; Ross et al., 2013; Neal et al., 2016; Jones et al., 2012) and to stay well hydrated (Racinais et al., 2015; Sawka et al., 2015; Corbett et al., 2017). Pre-cooling aims at reducting the core heat before the event begins so it takes longer for the body to heat up during the event (Gibson et al., 2019). Gibson et al., (2019) and Corbett et al., (2017) identifies multiple methods of pre-cooling such as wearing an ice vest, cooling shorts and cold or frozen towels that can be applied to the body and athletes can consume ice-slurry or cold drinks to cool the core organs and the blood however Gibson et al., (2019) also identifies the risks of gastrointestinal or elevated urination issues.
Pacing Strategies
Foster et al., (2023) discuss 1500metre success and its dependence on managing both aerobic and anaerobic energy resources, running fast enough to maintain favourable positioning on track whilst reserving anaerobic energy stores for the finish sprint. This is where the importance of pacing and pacing strategies come into play for middle distance athletes, and Foster et al., (2023) suggest that training in multiple different pacing modes allows athletes to adapt in competition and adjust their run to optimise finishing time. Pacing strategies may be a way to lessen the load on these systems whilst maintaining a reserve of energy for finishing fast and achieving success in this event.
According to Casado et al., (2021) 1500metre events often follow U-shaped and J-shaped pacing profiles see Figure 1.
[image: ]
Figure 1. Examples of U-shaped, J-shaped and reverse J-shaped pacing profiles (Abbiss and Laursen, 2008).
Reverse J shaped profiles are usually seen in shorter races and sprints with an all-out effort from the outset and a gradual reduction in pace. U shaped profiles are commonly associated with the 1500metre world record performances, with the second or third lap being slower than both the start and finish laps. Additionally, Casado et al., (2021) show that at major championships J shaped pacing strategies are common with a moderate start pace slowing for the second lap and then gradually increasing to the finish.Training at these different pacing strategies allows athletes to adapt to other athletes around them, maintaining position and putting themselves in a position where they can outperform their rivals (Renfree and Casado, 2018).
Another important factor for pacing strategy is to reduce the build-up of lactate to avoid fatigue during a race by changing speed to distribute energy effectively (Palmer, 2021). Many athletes aim to improve their lactate threshold by training to improve the body’s ability to tolerate and clear lactate (Campos et al., 2021). Athletes do this by training close to their lactate threshold and using different pacing methods and strategies such as ‘negative splitting’ and ‘positive splitting’ to improve their overall performance and reduce the onset of fatigue (Vijay et al., 2024; Watt and Gunby, 2020). Negative splitting lactate threshold training can teach athletes to conserve their energy by running at a consistent pace to finish strong at the finishing sprint (Vijay et al., 2024), similar to the J-shaped pace.
Conclusion
In conclusion for the athlete to reach their optimal performance at the Diamond League 1500metre event they should prepare for the race by incorporate effective pacing strategies into their training and train close to their lactate threshold to avoid the onset of fatigue. Due to the event taking place in Doha, Qatar, 14-days prior to the event it would be beneficial to heat acclimatise daily using both active and passive methods to avoid overloading on training prior to the event. Pre-cooling and hydration are important to keep cool on the day of the event to avoid overheating on the day of and during the race.
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