Wales National Team Preparing for Qatar FIFA World Cup 2022
Introduction
[bookmark: _Int_ax5g0Kya][bookmark: _Int_1oAgEh2J]The FIFA Football World Cup is arguably the biggest sporting event in the world. The history of the FIFA World Cup began in 1930 with 13 nations taking part and Uruguay winning the tournament. Since then, the event has been held every four years apart from during the war years. From 1934 to 1982 the competition was fought out between 16 nations. This increased to 24 nations from 1982 to 1994, and then from 1998 it increased to the current format of 32 nations. In 2022 the event was held in Qatar, the first ever Arab nation to host the World Cup. Because of Qatar's geographical location, it is considered one of the hottest countries in the world. Temperatures in the summer months can reach as high as 45°C; the hot and humid conditions make it a challenging environment to play a football tournament (Henderson, 2014). Due to the excessive heat and safety of the players, FIFA decided to hold the tournament in the winter months (November and December) for the first time in its history. In Qatar, the temperatures would still be on average 29°c in November, falling to 24°c in December, with an average humidity of 71% (Henderson, 2014). The 32 teams that have qualified for the Qatar world cup would have to be prepared to play a minimum of 3 games in the group stage and a maximum of 7 games, depending on how far they progressed through the tournament. Each match would be played for 90 minutes and if the scores are level at the end of this period, there will be 30 minutes of extra time. If the match is still undecided by then, it will go to penalties to decide the winner. Because of the duration of a match, the environment and the typical low to high intensity actions of football, it demands a high level of aerobic and anaerobic conditioning, as well as muscle strength, endurance, and cognitive ability (Felipe et al., 2019). 
Amongst the teams to qualify for the FIFA world cup was Wales who qualified for the first time in 64 years. In contrast to Qatar, Wales is a cool, cloudy, and wet country for most of the year, with temperatures averaging 17-19°C in the summer and falling to an average of 1-4°C during winter Met Office (2016). To prepare players physically and mentally for the conditions in Qatar and to progress through the world cup tournament, the Welsh national team would have to assess and mitigate the main factors that will impact performance, specifically the difference in heat.
Research has suggested that environmental conditions that are hot and humid can put a strain on the players’ central and motor systems during activity. If temperatures are hot enough, resting core temperatures can be increased by the outside environment. This coupled with the heat generated by the working muscles during activity, further increases core temperatures. Hot and humid conditions have been linked to impairment of physical and cognitive performance, due to the physiological changes that occur within the body (Racinais et al., 2022). When a rise in temperature is detected by the peripheral receptors in our skin, an afferent signal is sent to the hypothalamus within the brain to respond through a process called thermoregulation. Thermoregulation is responsible for regulating our core temperature by dissipating heat from our body into the surrounding environment, cooling the body’s core temperature. This process involves the vasodilation of blood vessels to increase the blood flow to the surface of the skin, dissipate heat and return the cooled blood to the vital organs. Furthermore, sweat glands are activated so the body can lose heat through water evaporation (Mohammed Rahimi et al., 2019). If the body requires thermoregulation over a longer period, this could result in a process called cardiac drift, where the heart is forced to pump blood at a faster rate to the surface of the skin, to clear the heat from our body. As a result, less oxygenated blood is received by the working muscles, which means the muscles will eventually fatigue and must stop for the body to cool down (Muniz-Pardos et al., 2021). In addition, the continued sudomotor activity and water evaporation decreases the levels of body water and blood plasma available. Lower levels of body water increase the risk of dehydration and hyperthermia. Low blood plasma will result in the loss of essential electrolytes, as well as altering blood pressure and cardiac output, which further impacts physical and mental capabilities during performance (Konefal et al., 2022). Because of the complications caused by heat and humidity on performance, strategies for mitigating the effects of heat and humidity such as heat acclimatisation, heat acclimation and hydration plans are used by football teams to prepare for sporting events.
Heat Acclimatisation
Heat acclimatisation involves training in an outdoor environment which is the same as or like the conditions of an event or tournament a team is due to compete in. The purpose of heat acclimatisation is to improve the thermoregulatory responses within the body. Research suggests that periodised exposure to heat causes a physiological adaptation that increases sweat rates, reduces sodium loss, and lowers heart rate during activity. Heat acclimatisation improves the cardiovascular system’s ability to sustain cardiac output, blood plasma volumes and skin blood flow in hot conditions (Skekiguci et al., 2021). These changes allow for a higher stroke volume per heartbeat, therefore more blood can be supplied to the surface of the skin for cooling and more oxygenated blood can be supplied to the muscles for activity. The increased sweat rate enables further cooling of the body's core temperature, although sweat rates are increased the body has also adapted to reducing sodium loss. Maintaining sodium levels is vital for performance during exercise as it is needed for fluid balance, cognition, muscle function and nerve transmission (Casadio et al., 2017). 
[bookmark: _Int_wCKVz51m]To achieve the acclimatisation benefits, a research consensus by Racinais et al. (2015) suggests that training should aim to elevate core temperatures above 38.5C, increase heart rate, increase sweat rates, and increase skin blood flow. If possible, teams should train in the environment in which they will compete, roughly six weeks prior to the event. Sessions should mimic the sport and include at least four training sessions per week, lasting at least 60- 90 minutes per session. The authors reported that early adaptations occur within the first few days of heat acclimatisation, with the main adaptations taking place after two weeks of training. The consensus further stated that for the first two weeks of heat acclimatisation, training should be low to moderate intensity (40-60% of VO2max), with high intensity sessions reserved for cooler conditions. Once the desired heat acclimatisation has been obtained, the training sessions’ intensity and duration can be increased to develop working capacity. Closer to an event or during a taper week, training session frequency can be reduced to two sessions per week, which is enough to maintain the physiological adaptations gained. 
Although heat acclimatisation training is suggested as the gold standard for teams preparing for a tournament in a hot environment, in circumstances where it is not possible to use heat acclimatisation training, athletes have used various heat acclimation strategies to induce physiological adaptations and improve performance. 
Short Term Heat Acclimation
Short-term heat acclimation (<7 days) can be useful for when teams need to prioritise other training but still acquire heat adaptations to improve performance. However, this will require extra training that could induce fatigue and over training. Furthermore, research suggests that the time limit is not sufficient to benefit from further adaptations such as increased sweat rates and sodium retention (Ashworth, Cotter and Kilding, 2020). These findings agree with Moss et al. (2020) who tested short term and medium-term heat acclimation. The protocol involved heat stress tests on days 1,7 and 13, plus two 5-day consecutive heat acclimation protocols (60 minutes of 38.5°C or above). The study concluded that short term acclimation provided enough stimulus to reduce the sense of physical and perceptual strain. However, the medium-term acclimation provided the feeling of heat strain, as well as adaptations to thermoregulation and sudomotor activity. Therefore, short term acclimation would be beneficial if there are time constraints, but longer acclimation is more advisable if time is available.
Heat Chambers
Heat chambers have been used to replicate hot environments and trigger heat adaptations in athletes that are preparing for competition in the heat. An example of this is shown by Garrett et al. (2012) that evaluated the effects of a short-term (5 days) heat acclimation protocol, using an environmental chamber set at 40°C and 60% humidity. The study concluded that the highly trained athletes improved performance times because of improved cardiovascular stability and endurance capacity. Although this method is effective, it can be unpractical for large groups such as football teams, as most heat chambers are not equipped for many people to train in at once. Training programmes may also be affected or adjusted to accommodate for heat chamber sessions. The sessions may also require trained personnel to set up and oversee the use of the equipment. Furthermore, the added heat chamber training may require extra recovery or rest periods, taking time away from higher priority training. 
Hot Water Immersion
[bookmark: _Int_JpNuUBEk]Hot water immersion is predominantly used directly after a training session to maintain and further elevate core temperature, this allows for further heat related adaptations without extra activity. As an added benefit, research suggests that hot water immersion can relieve sore muscles, boost recovery, and reduce fatigue following exercise (Periard et al., 2017). A six-week protocol that used hot water immersion (39.5°C) post training for 30 minutes, 2-3 times a week, found large decreases in heart rates, improvements in thermal comfort and improved repeated running performance for Australian football players (Philp et al.,2022). Hot water immersion is an easy heat acclimation method to implement, that is cost effective and will not impact higher priority training. It could be used by football teams pre or during training camps, to accelerate heat acclimatisation and improve performance. 
Saunas
[bookmark: _Int_DUB4ofr8]Saunas are designed to imitate hot and dry conditions; they can be used to increase sweat rates, sweat responses, and induce a cardiovascular strain. As the conditions increase blood flow to the surface of the skin for heat dissipation, the cardiovascular system will adapt and be more efficient at coping in the heat. A study by Kirby et al. (2021) reported that four 30-minute sauna sessions of 90°C per week for three weeks following a training session, increased blood plasma volume by 7% and improved time to exhaustion by 32%, clearly improving aerobic capacity and performance. In agreement with this, a study by Stanley et al. (2015) found an increase in blood plasma volume of 18% after four 30-minute post exercise saunas at 87°C. One study used the sauna prior to heat acclimation protocols and found that it accelerated adaptation of blood plasma volumes, cardiovascular stability, and improved thermal comfort (Mee et al., 2018). However, the author stated that the adaptations were likely due to the additional 100 minutes of heat exposure. Based on these studies, saunas could be used as an additional heat acclimation protocol, alongside normal training, whilst being easy to implement, practical and safe. It could also be used a preconditioning method prior to heat acclimatisation to boost heat tolerance and physiological adaptation.
Hydration
[bookmark: _Int_pLJj9QHN]As there is an up regulation of sudomotor activity during exposure to hot and humid environments, it is essential to remain hydrated, as dehydration can negatively affect blood volume, skin blood flow, sweat rates, heat dissipation, whilst depleting muscle glycogen at a faster rate and increasing core temperature, which ultimately impairs physical and mental performance (Baker, 2017). A study that monitored body water loss percentages on walking performance found that a water loss of 5% decreased exercise capacity by 30% (Wakabayashi et al., 2014). To ensure teams remain hydrated whilst training or performing in the heat, players should utilise the urine colour chart; if the urine is clear to a light-yellow colour, then this means that they are hydrated, in contrast if urine is dark in colour, it indicates dehydration. Teams could also track changes in body mass pre and post training or in matches to identify sweat rates; this could be used to work out the amount of rehydration needed for each player. Players should be encouraged to drink during periods of rest to prevent dehydration of 2% or more. If severe dehydration has occurred (>5% sweat loss) following training or match play, the player should aim to rehydrate with at least 1.5L of fluid per Kilogram of bodyweight lost (Mohammed, Periard and Racinais, 2021). To improve rehydration further, it is advisable to consume fluid with sodium to replace the sodium lost and help retain any intake of fluid. However, in a slight contradiction to this advice, a study by Garrett, Rehrer and Patterson (2011) explains that permissive dehydration is normal during exercise in heat. This is because dehydration stimulates hormones such as aldosterone, arginine vasopressin and cortisol which help regulate salt, water, blood pressure and stress. Therefore, the authors state dehydration contributes to fluid and electrolyte retention, increased plasma volumes and cardiovascular stress response.
Practical Application
[bookmark: _Int_LZKPK6mU]When preparing for a football tournament in hot and humid conditions such as Qatar, football associations, coaches and teams should apply heat acclimation and heat acclimatisation strategies to improve performance capabilities whilst competing in the heat. Heat acclimation strategies such as hot water immersion and saunas are perfect for football teams, as they can easily be implemented into training schedules without compromising training goals. These strategies can be used prior to heat acclimatisation campaigns as preconditioning or alongside heat acclimation and acclimatisation sessions to further stimulate heat adaptation. If there are issues with attending heat acclimatisation campaigns, teams can incorporate heat chamber sessions, although this could impact training schedules as extra sessions will we required, as well as time for recovery. Another possibility is short-term heat acclimation, however, this will only stimulate some adaptation. Ideally teams should aim to achieve heat acclimatisation in the environment that they will compete. Training should be 60-90 minutes of low to moderate intensity specific to the sport for the first two weeks and slowly increased to improve work capacity. During the heat acclimatisation campaign, teams should monitor individual sweat rates, water, and sodium loss to ensure players remain adequately hydrated. This will aid the adaptation to heat, boost recovery for subsequent training sessions and further improve performance.
Summary
The research shows that heat acclimation and acclimatisation is beneficial for football teams that are preparing for performances in heat. To create a physiological adaptation to heat, there are various heat acclimation and acclimatisation strategies that can be implemented into a football team’s training schedule. These strategies can be appropriately selected depending on the team's circumstances, finances, time limits and goals. The appropriate strategies should always be accompanied by an appropriate hydration plan, to ensure the safety of the players and to maximise their heat adaptation.
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