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The Tokyo 2020 Olympics and Paralympic Games were held in the hottest environment in the history of the games. Additionally, the worldwide coronavirus disease 2019 (COVID-19) pandemic necessitated daily polymerase chain reaction (PCR) testing during the games, wearing a mask became mandatory publicly, and it was an unheard and unique Olympic with no spectators. Heat acclimation, hydration, and body cooling are essential for safe and high-performance activities in hot environments. In 2015, the Japan Institute of Sports Sciences launched the “Heat Countermeasure Project” to conduct experiments and practical research on heat countermeasures and investigate issues related to heat countermeasures in each athletic event. The results obtained were proposed to various Japan national sports teams, and support for heat countermeasures for the Tokyo 2020 games was promoted in consultation with national federations. Furthermore, due to the COVID-19 pandemic, infectious disease countermeasures for the Tokyo 2020 Games during support were a must. Moreover, athletes, coaches, and team staff could not avoid implementing heat countermeasures while adopting measures against infectious diseases. This study aimed to clarify the issues faced with heat countermeasures and report on heat acclimation training and cooling support efforts, considering measures against infectious diseases.
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INTRODUCTION

The Tokyo 2020 Olympics and Paralympic Games (the Tokyo 2020 Games) were held in harshest heat and humid environments compared to previous summer Olympic events (Szubski, 2020). For the Tokyo 2020 Games, the International Olympics Committee Medical Department created a guidebook, “BEAT THE HEAT” (International Olympic Committee, 2020), and provided recommendations for optimizing performance and reducing the risk of heat-related illnesses. Several researchers have also recently presented data on heat countermeasures (Bongers et al., 2020; Racinais and Périard, 2020; Périard et al., 2021).

At the Japan Institute of Sports Sciences (JISS), the Heat Countermeasures Project was launched in 2015 to formulate an evidence-based body cooling strategy to support Japanese athletes in the Tokyo 2020 Games. Heat acclimation training, body cooling, and hydration reduce the risks of impaired performance and exertional heat stroke due to increased core temperature (González-Alonso et al., 1999) and dehydration (Sawka et al., 2007; Bardis et al., 2017). There are several previous studies on heat acclimation training (Chalmers et al., 2014; Racinais et al., 2015), body cooling (Racinais et al., 2015; Bongers et al., 2017; Gibson et al., 2020), and hydration (Sawka et al., 2007; Périard et al., 2021). This project aimed to organize and polish the results of these previous studies to enable coaches and athletes to easily implement them in practice and promote support for heat countermeasures in preparation for the Tokyo 2020 Games.

An additional and unique challenge for the Tokyo Games was a year of postponement due to the global coronavirus disease 2019 (COVID-19) outbreak in 2020. Organizers of The Games were required to take measures against COVID-19. This necessitated daily polymerase chain reaction (PCR) testing during games, wearing a mask became mandatory to the public, and it was an unheard and unique Olympics with no spectators. Notably, COVID-19 measures were needed to be considered during heat acclimation training, body cooling, and hydration support during the Tokyo 2020 Games, and strict adherence was required to avoid infecting others, getting infected, and generating clusters.

In this report, we aimed to clarify the issues in heat countermeasures for the Tokyo 2020 Games and report on the effects of heat acclimation training, body cooling, and hydration support considering the countermeasures against COVID-19.



THE HEAT COUNTERMEASURES PROJECT

The Heat Countermeasures Project conducted by the JISS was launched in 2015. Initially, a questionnaire survey was conducted among leading Japanese athletes and coaches (Nakamura et al., 2018), from which the following issues regarding heat countermeasures were identified. First, information was needed to be provided on effective cooling methods for exercise in the heat. Second, it was necessary to propose an effective cooling strategy that is relatively easy to implement (Nakamura et al., 2018).

Regarding the provision of information, a guidebook on heat countermeasures (Japan Institute of Sports Sciences, 2017) was published, and workshops were held in 2018 and 2019 to share up-to-date knowledge and global trends for athletes and coaches at JISS. To address the second issue, we validated the forearm cooling method and reported that a combination of forearm cooling and ice slurry ingestion resulted in a faster drop in the core temperature raised by exercise (Nakamura et al., 2020), and proposed this as a new effective and easy cooling method. Ice slurry ingestion was also found to promote a decrease in core temperature during post-exercise recovery (Nakamura et al., 2021) and decrease in brain temperature measured by non-invasive magnetic resonance spectroscopy at rest without exercise intervention (Onitsuka et al., 2018).

In 2019, we conducted a practical study applying evidence-based body cooling methods (Jay and Morris, 2018; Cao et al., 2022) and planned hydration for elite sailors (Nakamura et al., 2019), elite beach volleyball athletes, elite cyclists, elite fencing athletes, and the Japan national soccer team (Japan Institute of Sports Sciences, 2020). The results of the laboratory and practical studies obtained were summarized in a guidebook (Japan Institute of Sports Sciences, 2020) and provided to athletes and coaches, with pre, per, and post cooling strategies that could be implemented at the Tokyo 2020 Games. The Heat Countermeasures Project prepared for the Tokyo 2020 Games by repeating the cycle of identifying issues, conducting research, and applying evidence multiple times, as shown in Figure 1.


[image: Figure 1]
FIGURE 1. The Heat Countermeasures Project approach for the Tokyo 2020 games.




SHORT-TERM HEAT ACCLIMATION TRAINING AND MEASURES AGAINST INFECTIOUS DISEASES

The 3x3 basketball event, which was chosen as an official event at the Tokyo 2020 Games, was played in an outdoor court. The 3x3 Japan national team had several athletes who were also playing basketball on a five-a-side, and there were very few athletes accustomed to the outdoor hot environment. Therefore, heat acclimation training for the Tokyo 2020 Games was essential for these athletes.

Heat acclimation involving endurance training is widely known as a strategy to enhance performance in hot environments (Racinais et al., 2015). The 3x3 basketball is a type of high-intensity intermittent exercise, which required training for a limited period of 1 week for the Tokyo 2020 Games. Therefore, we focused on short-term heat acclimation training for a period of ≤ 7 days and decided to perform heat acclimation training in a hot humid chamber using a high-intensity intermittent exercise protocol (Petersen et al., 2010; Chalmers et al., 2014).

COVID-19 measures were a major issue in heat acclimation training. The chamber (ESPEC Corp., Tokyo, Japan) at JISS is 4.1 × 7.2 × 2.5 m in size. Ventilation was good; however, CO2 levels rose to 820 ppm/h when exercising. Therefore, based on the JISS COVID-19 administration manual, we limited the number of measurers entering the room to two for each athlete. Furthermore, the athletes and researchers underwent PCR testing to confirm that they were negative for COVID-19 before starting the training. Wearing a mask during high-intensity exercise was not mandatory because it may lead to discomfort, breathing restrictions, and impaired fitness level of athletes (Al Attar and Husain, 2021). However, to prevent the risk of infection in the chamber, it was necessary to control the athlete's exhalations. Therefore, the athletes wore Rudolph masks to let their expired breath out of the room through air holes, and measures were taken to prevent CO2 concentration from increasing. All Rudolph masks, heart rate monitors, and thermometers were prepared for each athlete so they would not share them with other athletes. After each training session, the room was ventilated for at least 30 min, and the floor and ergometer were thoroughly disinfected. In addition, the researchers were required to wear masks, gloves, gowns, and face shields (Figure 2A).


[image: Figure 2]
FIGURE 2. Heat acclimation training. (A) Heat acclimation training considering infection control. (B) Effects of heat acclimation training [typical core body temperature and heart rate (HR)].


Twelve elite athletes participated in the training. The heat acclimation training was carried out using a cycle ergometer (Fujin-Raijin, OCLabo, Tokyo, Japan) under environmental conditions of 33°C ambient temperature and 70% relative humidity. Performance tests were conducted on the 1st and 7th days. The athletes performed same load as the athletes' body weight steady-state load exercises for 10 min and 2 times body weight steady-state load exercises for 30 min. After a 5-min rest, they performed intermittent exercise in 1-min periods until exhaustion. Each period consisting of 5 s of maximal pedaling at a load of body weight × 0.075 KP, 25s of pedaling with no-work load, and 30 s of rest. Days 2–6 of training (off on day 3) consisted of a 20-min warm-up, then 1 min periods of an intermittent exercise protocol with a 5-min break for a total of 20 sets. The training time was 60 min, and the core temperature was confirmed to be above 38.5°C.

Typical data for core temperature and heart rate before and after training are shown in Figure 2B. Reduction in core temperature during the training was identified in nine of the 12 athletes before and after the training. Additionally, an improvement in the maximal and mean power output was observed in all the 12 athletes (data not shown). Although previous studies have shown that the minimum duration for partial adaptation was 8 consecutive days of exposure when the environment was hot and humid (Lei and Wang, 2021), we reported that 6 days of short-term humid heat acclimation might enhance both performance and thermoregulatory function. Throughout the training, no athlete or researchers tested positive for COVID-19.



BODY COOLING, HYDRATION SUPPORT, AND MEASURES AGAINST COVID-19

For body cooling, it is important to consider the combination of internal and external cooling (Racinais et al., 2015; Bongers et al., 2017; Jay and Morris, 2018; Gibson et al., 2020; Cao et al., 2022) and the timing of implementation (Jay and Morris, 2018; Bongers et al., 2020; Gibson et al., 2020). However, there are a number of constraints when performing body cooling during actual competitions, including individuality considerations, limitations in cooling methods and cooling times, challenges related to freezing and delivery methods of cooling devices, and venue regulation (Japan Institute of Sports Sciences, 2020; Naito et al., 2020). In addition, heat countermeasure support considering COVID-19 countermeasures was necessary at the Tokyo 2020 Games. During training and games, all support staff were also required to wear masks and gloves and to disinfect the cooling devices used. In addition, all drinks for the athletes were prepared individually for each athlete, and other infection control measures were taken according to the characteristics of each competition. Three practical examples of body cooling support for the Tokyo 2020 Games are as follows.

In the blind marathon, precooling was performed by combining ice slurry ingestion with forearm cooling (Figure 3A). Ice slurry ingestion used commercial ice slurry (Pocari Sweat ice slurry, Otsuka Pharmaceuticals, Japan). This commercial ice slurry was very useful, because it was individually packaged in the prescribed amount of 100 g/piece and served as an infection control measure. In addition, forearm cooling was approached individually (Takahashi et al., 2021), and it was also useful for infection control. However, because the actual competition was held at a wet bulb globe temperature (WBGT) of 19°C, body cooling for the entire team was not implemented, but body cooling support in training for the Tokyo 2020 Games was effective.
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FIGURE 3. Heat and infectious disease countermeasure support for each athlete. (A) Forearm cooling during precooling (Takahashi et al., 2021). (B) Hydration measures using individual bottles.


In tennis, the combination of an ice vest and moderate intake of ice slurry was reportedly effective for athletic performance (Naito et al., 2021). This evidence helped overcome the challenges in providing cooling support at the 2020 Australian Open and involved the delivery of cooling devices through the spectator seating area (Naito et al., 2020). We made plans to bring this support to the Tokyo 2020 Games. However, the Tokyo 2020 Games were held without spectators, and support via spectator seats became impossible. Therefore, we prepared personal holders for the athletes in advance and distributed commercial ice slurry and ice vests for each athlete to bring to the match venue. To ensure that body cooling could be implemented during each break time, we repeated simulations from the training camp as requested by the athletes, and were able to implement it without any problems during the tournament.

In soccer, fluid intake was restricted during matches. In the case of ad libitum intake, performance may be reduced due to dehydration compared to prescribed intake (Bardis et al., 2017). Therefore, we implemented planned hydration to prevent impairments to the performance due to dehydration and provide the specified amount of water and ice slurry ingested per athlete's body weight during the pre-match and half-time. During training, as shown in Figure 3B, each athlete had a separate drink holder for hydration, and measures were taken to avoid sharing between athletes. In addition, forearm cooling, which involved a few athletes dipping their forearms in a bucket and sharing water, was banned because of infection control; therefore, we replaced it with ice vests. These planned hydration and body cooling support practices resulted in a dehydration rate of 2 ± 0.7% in a WBGT 26 ± 0.9°C environment throughout the six matches, which was lower than that reported in previous studies (Mohr and Krustrup, 2013; Japan Institute of Sports Sciences, 2020).

At the Tokyo 2020 Games, all of the aforementioned events that we supported won prizes. Although it is difficult to assess whether our support for heat countermeasures led to high performance and results, from the viewpoint of safety, there were no reports of poor conditions due to heat challenges from any competition or athletes, and there were no infected individuals; therefore, we suggest that the measures and support contributed to the athletes' and teams' success.



CONCLUSION

It was possible to provide elite Japanese athletes and coaches with information on heat countermeasures and cooling strategies, and propose effective cooling methods for performance exertion that could be implemented in competitions. Moreover, heat acclimation training support and body cooling support considering COVID-19 countermeasures immediately before the Tokyo 2020 Games could be carried out. This case report would provide useful support resources in countermeasures for competitions in coronavirus and hot environments.
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