Ergogenic aids
Heat acclimation as an ergogenic aid for performance: A Review.

Recently, athletes have utilised heat acclimation or acclimatisation as an ergogenic aid with the purpose of enhancing physical performance in hot and humid ambient conditions (Buchheit et al., 2011). Hot and humid ambient environments are highly common among sporting events and Chalmers et al., (2014) states that it can pose a great environmental challenge for athletes to maintain optimal performance. For example, the summer Olympics, Tour de France, FIFA World Cup, or World Championships are all major sporting events which are held each year in these extreme conditions. Of course, athlete’s that are already adapted to these conditions due to living in a hot environment are at an advantage as those who do not live nor train regularly in these conditions will be a risk of a deteriorated performance. Therefore, these individual athletes such as British athletes would need to implement heat acclimation or acclimatisation in their regular training routine to gain additional adaptation prior to competing in hotter conditions.
Rahimi et al, (2019) explains that the additional challenge from the hot and humid ambient conditions is due to the affect it has of human physiological responses to physical activity. These physiological responses include exercise-induced increases in core temperature, which in turn an increased ambient temperature results in premature fatigue and loss of optimal performance (Al-Nawaiseh et al., 2013). According to Racinais et al., (2012) heat-induced performance can decrease performance by 6 to 16% in trained athletes during endurance and team sport events. An increased body temperature during exercise can impact many physiological responses such as an increased use of intramuscular glycogen and lactate accumulation, muscle and skin blood flow, stimulation and accumulation of stress hormones, and early onset of anaerobic threshold (Rahimi et al., 2019). As competitive athletes contend in a variety of environmental conditions, is it crucial for them to reduce the potential adverse effects in order to optimise performance. Therefore, heat acclimation should be utilised by endurance athletes to enhance tolerance and exercise performance for hot and humid environment competitions (Guy et al., 2016). Heat acclimation involves repeated exercise sessions in similar heated conditions to match the environment the athlete will be competing in. Explained by Casadio et al., (2017) these conditions are typically at a heat of 30-40°C and a relative humidity of 20-60%. Furthermore, these environments can be either artificially conducted (acclimation = heated rooms or chambers) or outdoors (acclimatisation = hot ambient temperature), and should be a routine strategy utilised to induce physiological adaptations which will reduce heat-induced impairments towards performance. Heat acclimation or acclimatisation can also be useful in the offer of protection against heat stress and external heat injuries (Tyler et al., 2016). Alternations in major physiological parameters such as reduce exercise heart rate, lower resting and exercise core temperature, an increase plasma volume, and improved maximal cardiac output can all be improved through the utilisation of short or medium during heat acclimation programme (Guy et al., 2016). These improvements will help increase optimal performance for a longer duration in hotter conditions. These possible improvements identify how essential heat acclimation can be for an athletes forthcoming performance in a competition.

Athlete Considerations:
Athletes have a high variation in individual responses to training (Plews et al., 2013) and environmental stress (Racinais et al., 2012) adaptations. Due to this, it is key to understand the athlete’s response to repeated heat exposures prior to critical events in hot conditions. Further, Racinais et al., (2012) suggests that protocols should mirror normal training routines in order to be easily repeated, and it should be conducted multiple times a season to identify the athlete’s level of acclimation. Casadio et al., (2017) states that simple measures such as sweat rate, heart rate, rate of perceived exertion and thermal perception can be utilised without specialised equipment, whereas plasma volume or core temperature may be needed for additional value, if available. Additionally, Casadio et al., (2017) explains that several factors can influences the variability in responses to heat acclimation tests which is summarised in table 1. 

Table 1: Possible factors contributing to individual athlete response acclimation and testing, summarised by Casadio et al., (2017).
	Factor 
	InFLUence on heat response testing
	InFLUence on heat acclimation

	Gender

	Females have a higher threshold for sweating onset and reduced sweating output compared to males.
	Females may require moderate-term heat acclimation to achieve reductions in core temperature and heart rate seen in males with short-term. 

	Ethnicity 

	Individuals from hot climates may have greater heat shock protein content and enhanced sudomotor function.
	Faster heat acclimation kinetics in individuals from hot climates

	Athlete type 

	Enhanced evaporative cooling in endurance versus sprint athletes.
	Speciﬁc athlete type differences unknown, however, can relate to VO2max.

	Training status 

	Higher VO2max relates to greater heat shock protein content and exercise heat tolerance 
	Higher VO2max relates to faster rates of heat acclimation induction and greater heat tolerance.

	Body size 

	Larger body size results in lower body surface area to body mass ratio, and higher heat strain in body mass dependent exercise 
	Not speciﬁed in literature

	Anthropometric characteristics

	Higher adiposity and mesomorphic results in a faster rise in core temperature

	Higher adiposity is directly related to VO2max

	EHI history 
	Possible early test termination and higher end core temperature
	Heat acclimation is possible; some may require repeated heat acclimation interventions until enhanced heat tolerance is shown

	Menstrual cycle 
	Core temperature reduction (0.1–0.2°C) and increase (0.2–0.5°C) prior to and following ovulation, respectively.
	Females can heat acclimate, regardless of menstrual cycle phase, following moderate-term, however short-term may be less effective.

	Oral contraceptives

	Combined pill use causes higher core temperature (0.5°C) and cyclical ﬂuctuations may be dampened Progesterone-only pills reduce core temperature (0.6–0.7°C)
	Oral contraceptive users can acclimate similarly to nonuser

	Immune status 
	Fever or upper respiratory tract infection may increase exertional heat injury risk 
	Heat acclimation may not change immune markers but increases protection from exertional heat injury. 

	Heat acclimation history 

	Reduced heat strain in subsequent heart rate tests with *2–4 week of prior to heat acclimation.
	Heat acclimation may occur more rapidly with 2–4 session.


These factors include differences in sex, ethnicity, athletic type, status of training, anthropometric characteristics, history of exertional heat injury, body size, menstrual cycle, oral contraceptives, immune status, and history of heat acclimation, as seen in table 1. Specifically, in female athletes the menstrual cycle phase (Inoue et al., 2005) and oral contraceptive use (Armstrong et al., 2005) causes thermoregulatory changes which could provide the practitioner with false-positive or negative results to heat response testing following heat acclimation. Therefore, these aspects in female athletes should be considered and noted prior to any thermoregulatory assessments. Sunderland et al., (2008) suggests that short-term and moderate-term heat acclimation may be less effective in females than men, which suggests females may need to undertake long-term heat acclimation to get optimal adaptations. 

Heat Acclimation Training Recommendations:
Utilising heat acclimation or acclimatisation in an athlete’s regular routine is able to facilitate adaptations which enhance thermoregulatory, cardiovascular, metabolic and perceptual function during exercise (Taylor and Cotter, 2006). Racinais et al., (2015) explains that heat acclimation and heat acclimatisation only have one difference, heat acclimation refers to artificially induced heat adaptations (e.g. using a laboratory-based environment chamber), whereas heat acclimatisation refers to adaptations occurring from natural exposures (e.g. training camps in hot environments), also including high humidity environments. Garrett et al., (2011) explains that heat acclimation can be categorised into three periods such as short term (<7 exposures), medium-term (8-14 exposures), and long term (>15 exposures). Longer durations of heat acclimation (>8 exposures) have demonstrated improvements in physical performance during hot ambient conditions such as, time-to-exhaustion, enhanced peak power output, tolerance time, and maximal oxygen consumption (Chalmers et al., 2014). Therefore, it is evident that physical performance can be improved through the utilisation of longer-term heat acclimation training. However, benefits are still visible through short-term (>7 exposures) heat acclimation, with numerous physiological and molecular adaptation that are developed during this period. For example, thermoregulatory adaptations include decreased core temperature response to exercise decreased core temperature threshold for cutaneous vasodilation, increased skin blood flow, decreased core temperature threshold for the onset of sweating (Fujii et al., 2012). Also, cardiovascular system adaptations such as plasma volume expansion and a reduced heart rate response to sub-maximal exercise (Garrett et al., 2012). Guy et al., (2015) suggests that athletes should undergo >15 exposures in order to optimise physical performance, even though short-term exposure can also be beneficial to performance. According to Tyler et al., (2016) these recommendations should be put in place for athletes:

· Athletes planning to compete in hot ambient conditions need to ensure they utilise heat acclimation periods into training prior to that competition, thus, to obtain biological adaptations lowering physiological strain and improving exercise capacity in the heat. 
· Early adaptations are obtained withing the first few exposures, however the main physiological adaptations are not successful until 1-week or >7 exposures. Ideally, heat acclimation should be utilised for >15 exposures, or heat acclimatisation should last for 2 weeks in order to maximise benefits. 
· Athletes should spend as much time as possible exposed to high ambient temperatures to maximise physiological and perceptual adaptions, thus maximising performance outcomes, intervention should last a minimum of 2 week to maximise benefits. 
· Higher intensity exercise may offer a more rapid heat acclimation stimulus than lower intensity exercise. Once the athlete or coach is aware of the location and predicted heat and humidity, they will have plenty of time to undertake a long-term heat acclimation intervention. 
· Where possible, consecutive days of heat acclimation should be undertaken, however, beneficial adaptations will still occur with heat exposure every other, or every third day.
· Heat acclimation should last at least 60-minutes per day and induce an increase in body core and skin temperatures, additionally as stimulating sweat. 
· The ambient temperatures used in heat acclimation programmes should mimic the conditions of the upcoming event. However, due to reductions in work capacity in the heat the thermal stress may need to be progressively increased to balance heat acclimation and training needs. 
· Heart rate or tympanic temperature can be a practical way to ensure an appropriate magnitude of physiological strain during the heat acclimation and to ensure athletes are not overheating.

Racinais et al., (2015) explains that skin blood flow and the sweat rate increase during exercising in the heat, this is to allow for heat dissipation to the surrounding environment. Additionally, these thermoregulatory adjustments increase physiological strain and if not prepared or dealt accordingly during prolong exercise it could cause dehydration, heat stress or exertional heat injuries. Heat stress alone will impair aerobic performance when hypothermia occurs (Nybo et al., 2014). Dehydration during exercise in the heat intensifies thermal and cardiovascular strain suggested by (Trangmar et al., 2014), and further impairs aerobic performance. Therefore, it is important to stay adequately hydrated throughout both heat acclimation training periods and during prolonged competition in hot ambient environments. Racinais et al., (2015) suggests that hydration recommendations should be implemented for heat acclimation training programmes such as:

· Prior to training and competition in the heat, athletes should drink 6mL of fluid per kg or body mass every 2-3 hours, in order to start exercise hydration. 
· Recovery hydration regimens should include protein, carbohydrates, and sodium. Rehydration after exercise heat stress by providing these macronutrients in plenty of fluids with meals is essential. 
· Athletes training in the heat will have higher daily sodium requirements than general and sodium intake with drinks may be useful during exercise. 
· For competitions lasting several days (e.g., team sport tournaments or tour de France), it is advised to monitor daily morning body mass and urine specific gravity which can provide useful insights into the hydration state of the athlete. 
· During intense prolonged exercise in the heat, such as a marathon, body water mass losses should be minimised to reduce physiological strain and help to preserve optimal performance. 
To summarise, recently Rahimi et al., (2019) identified in their meta-analysis that beneficial effects on time trail performance, heart rate, and maximal heart rate, however did not identify statistically significant values in VO2max, exercise heart rate, core temperature, mean skin temperature, plasma volume, and blood lactate. Further, changes in rate of perceived exertion and thermal comfort were statistically too small to be meaningful. To conclude, from a performance perspective for the coach or athlete, their findings suggest that heat acclimation or acclimatisation improves the athlete’s tolerance to discomfort during heat exposure, however it may not effectively alter the associated physiological markers of improved performance. This may vary from athlete due to other factors mentioned in table 1, however evidently it is the ability of the athlete to tolerate the heat which optimises performance in competition of hot ambient conditions. Heat acclimation is a useful ergogenic aid utilised prior to major performance or competitions in order to optimise performance in hot ambient conditions. 
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