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The comparison of Exercise performance and physiological adaptions in Hot and Cool temperatures

To be able to understand the various effects of differences in temperatures have upon exercise performance and athlete well-being is found to be extremely beneficial. This is due to being able to improve training methods according to the change of temperature. The contrast in Hot and Cold temperatures present different physiological impacts that can have affects on performance. This report investigates into how the body reacts in hot and cool temperatures, focusing on effects such as thermoregulation, cardiovascular dynamics, and performance.  Highlighting factors that athletes, coaches, and researchers to consider when engaging in physical activity at different temperatures. 

Exercise generates metabolic heat, which increases body temperature and places additional strain on the thermoregulatory system, particularly in warm weather (Falk, 1998). The incidence of heat-related diseases, such those observed during the Olympics located in Beijing, emphasises the need of understanding how ambient temperature impacts exercise performance (Barwood et al., 2009).

How the body responds to exercise at different temperatures is important to fully understand in order to improve athletic performance and decreases the risk of problems in relation to the heat. The connections between thermoregulatory systems, cardiovascular reactions and body temperature are very complex and have influence on this topic. 

Human muscle activation during exercise produces heat, which causes thermoregulatory mechanisms that regulate heart rate, sweating rate, cutaneous vascular conductance, and skin blood flow to maintain thermal homeostasis (Lenasi & Janez Šijanec, 2023). Because of increased sweating in hot weather, which is necessary for efficient heat transmission but can also lead to dehydration-induced decreases in plasma volume and worse cardiovascular function, higher epidermal blood flow is needed (Sawka & Wenger, 1988).

The body's heat storage, which is affected by mass, mean temperature, and mean specific heat of tissues, controls how the body's temperature fluctuates in response to variations in heat content. The body and environment need to have equal heat flow to balance the metabolic heat load and maintain an appropriate body temperature (Brotherhood, 2008).

Because exercise in temperate settings needs less sweating and skin blood flow to disperse heat than exercise in hot climates, it is possible that the former results in a lesser increase in core temperature per unit drop in body water volume (Buono and Wall, 2000).

Excessive heat build-up brought on by heat stress from the environment and exercise can cause significant rises in core temperature (de Korte et al., 2021). Human life depends mostly on maintaining core body temperature, which is managed by thermoregulation, which is regulated by central and peripheral thermoreceptors that detect changes in skin and core temperature (Tansey & Johnson, 2015).

Heat generation and dissipation are facilitated by the division of the human body into compartments for the muscles, shell, and core to maintain thermal equilibrium. The skin reacts dynamically to heat stimuli and facilitates the escape of heat during physical activity. The skin is the body's interface with the environment (Jay et al., 2007). On the other hand, exercising in the heat can cause dehydration, which can impair cardiovascular efficiency and thermoregulatory function (Sawka, 1992).

Heat-induced increases in skin and core temperatures result in increased cutaneous blood flow and volume as well as competition for cardiac output between thermoregulatory and metabolic processes during exercise (Johnson, 2010). Due to contention this reduces stroke volume and raises maximum heart rate, it becomes difficult to sustain production. Cardiovascular drift, is what is defined as a decreased stroke volume following exercise in hot conditions, is associated with increased cutaneous blood flow and venous volume (Rowell, 1986).

Exercise in warm weather can disrupt these mechanisms, altering heart rate and mean arterial pressure (Wingo, 2015). Moreover, heat stress and hyperthermia after prolonged exertion cause tiredness, which exacerbates cardiovascular drift (Thompson, 2006; Périard, Caillaud, & Thompson, 2011).

Thermoregulatory behaviour, which acts as an adaptive strategy to maximise energy expenditure in the midst temperature barriers, is crucial to exercise performance (Schlader and Vargas, 2019).
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Participants: the study includes a group of physically fit and well-maintained individuals
A paired sample t-test will be used as the experimental design, and each participant will complete a 30-minute Watt-bike exercise session in both a hot and cold setting at 60% of Vo2max. To reduce the possibility of order-related effects, the temperature conditions were counterbalanced in order. 

The temperature conditions: Air temperature 7 degrees, Humidity 50%, Atmosphere at 32 degrees hot, and the temperature at 7 degrees cool.

Equipment
VO2max: utilizing a Servomex Gas Analyser (Servomex, Bristol, UK), Calibration gas (Cranlea, Birmingham, UK), Dry gas meter (Harvard, Massachusetts, USA), Mouthpiece (Hans Rudolph, Kansas, USA), and Douglas Bag (Hans Rudolph, Kansas, USA) to measure maximal oxygen uptake during exercise in both hot and cool temperatures.

Wattbike: Using a Wattbike Atom with adjustable resistance settings for all exercise trials (Wattbike, Nottingham, UK).

Heart Rate Monitor: Equipping participants with a heart rate monitor (Polar Electro, Warwick, UK) to monitor heart rate throughout exercise.

Skin temperature sensor: Attaching skin temperature sensors to various body locations using a Tympanic Thermometer (Innovation, Radiant, Taiwan) to monitor changes in skin temperature.

Sweat Rate Measurement: Employing sweat rate measurement devices to quantify sweat production during exercise using a Seca weighing scale (Seca, Hamburg, Germany) and Stadiometer (Seca, Hamburg, Germany) to measure sweat rate/loss.

Rate of Perceived Exertion (RPE Scale): Providing participants with an RPE scale to subjectively rate perceived exertion during exercise.

Protocol
Pre-exercise measurements: Measuring baseline skin temperature and body weight.
Warm-up: Participants will perform a standardized warm-up on the Wattbike.

Exercise Trails: Participants will exercise in both hot and cool environments for a predetermined duration (30 minutes) at moderate intensity.

Data Collection: To monitor of heart rate, skin temperature, and core body temperature. sweat rate and RPE.

Post-Exercise Measurements:  Assessing post-exercise skin temperature and body weight.

Recovery: Allowing adequate recovery time between exercise trials.

[bookmark: OLE_LINK1]Data Analysis: Analysing collected data to compare physiological responses between hot and cold temperature conditions between the paired sample T-tests. on SPSS to find the significance. The effect size was calculated using the eta squared equation 

Statistical Analysis: Utilizing T-tests on SPSS to compare physiological responses between hot and cold temperature conditions along with the effect size was calculated using the eta squared equation.

Results
The study into temperature, heart rate, relative pressure, and sweat loss show important differences amongst the contrasting temperatures (P < 0.05). Although, VO2max shows no d significant changes (P > 0.05). These results show great insights into the physiological responses to the exercise trials in different thermal conditions.

When analysing results, considerations being considered look at the duration for temperature, heart rate, and rate of perceived exertion (RPE) to differ in both hot and cool temperatures. Further investigations gave room for observation of the rate these variables reacted to the change in temperature, giving a broader understanding of the body's physiological adjustments when exercising in different thermal conditions.

Sweat loss was examined after the entire exercise session to capture the cumulative effect of exercise-induced sweating in both hot and cool environments. By measuring sweat loss over the duration of the exercise session, we were able to assess the body's thermoregulatory response and hydration status in each setting.

Table 1. 
Table 1 presents the values that varied between the 10- and 30-minute marks for each variable in both hot and cool settings. Additionally, the table includes the effect magnitude and significance of the findings. P values less than 0.05 indicate a significant difference between conditions, while values over 0.05 show no significant difference.
	 
	Cool
	Hot
	Significance
	Effect Size

	Temperature
	0.3
	1.1
	P=0.003
	0.54

	Heart Rate
	5.2
	14.8
	P=0.003
	0.52

	RPE
	2.0
	4.5
	P=0.003
	0.53

	VO2
	1.4
	4.8
	P=0.068
	0.25

	Sweat Loss
	0.3
	0.6
	P=0.008
	0.45




Temperature 

Figure 1. A line graph demonstrating the mean figures of temperature at the 10-, 20- and 30-minute mark 

Heart Rate 




Figure 2. A line graph demonstrating the mean figures of Heart rate at the 10-, 20- and 30-minute duration. 


Rating of perceived exertion 

Figure 3. A line graph demonstrating the mean figures of RPE at the 10, 20 and 30 minutes.  



Sweat loss 

Figure 4. A bar chart to demonstrate weight through the loss of sweat pre and post exercise intervention. 


Discussion
As aimed to understand the effects of temperature in the surrounding environment and impacts it has upon exercise performance in order maximise training methods and athlete health. Athletes experience physiological strain when training in both hot and cold temperatures which may influence great effects on their sporting performances, which influenced the focused design of the study allowed us to identify the influences of the surrounding temperature on the participants physiological responses to exercise. By systematically creating comparison hot and cool temperatures, enabled us to make clear of the adaptations and restricting factors in conjunction with exercising in contrasting temperatures.

An essential component of physical activity is exercise-induced production of heat, which raises body temperature overall. The thermoregulatory system is under added stress due to this metabolic heat generation, especially in hot environments in which dissipation of heat becomes more difficult (Falk, 1998). Due to the high relative humidity and average temperature, the summer Olympics in Beijing brought attention to the higher risk of heat-related illness during sporting activities (Barwood et al., 2009). Therefore, improving performance and reducing the risk requires an understanding of the physiological reactions to training in contrasting temperatures

The body's thermoregulatory systems regulate several factors, including cutaneous vascular conductance, skin blood flow, sweating rate, and cardiac output, to maintain thermal homeostasis during physical activity (Lenasi & Janez Šijanec, 2023). Sweat secretion exacerbates the need for greater epidermal blood flow in hot conditions due to the increased need for heat dissipation. On the other hand, excessive perspiration could well result in plasma volume decreases brought on by dehydration, which can compromise cardiovascular health and athletic performance (Sawka, M.N. and Wenger, B.C., 1988). 

The results of the study indicated that there are significant physiological variations between hot and cold settings, underscoring the effect of temperature on exercise capacity. Exercise in hot settings resulted with greater participant temperatures. Participants experienced greater core body temperature, heart rates, and perceived effort levels than in cooler conditions. From the results the increase in core body temperature corresponds with increased metabolic heat along with a reduction in heat dissipation indicating the links between the passive and active thermoregulatory systems (Cramer et al., 2022). In contrast, in the cool environment participants experienced a decrease in core body temperatures, heart rate and (RPE) implying that exercise in cold temperatures requires less cardiovascular output. 

Sweat rate in line with thermoregulation, sweat rate is a critical mechanism for dissipating heat and maintaining thermal balance during exercise. The results show significantly higher sweat rates in the hot environment compared to the cool temperature. in the hot environment are consistent with the body's efforts to dispel of heat and maintain core body temperature in a narrow range. In comparison, participants show a decrease in sweat rates in the cold temperatures, indicating reduction in thermoregulatory demands and greater heat retention to conserve body heat.

Additionally, Perceived exertion (RPE) participants responses to contrasting temperatures. Found a reported higher perceived exertion levels during exercise in the hot environment compared to the cool environment. Highlighting higher perceived exertion in the hot environment attributes to the combined effects having increased core body temperature, elevated heart rate, and greater sweating rates, which causes discomfort during exercise.

These results are in line with other studies (Falk, 1998; Sawka & Wenger, 1988) that shown that exercise in hot environments increases thermoregulatory demands and cardiovascular strain. The results cardiovascular response, as heart rate is a fundamental parameter of how the body's responds to exercise and thermoregulation. The elevated heart rates in the hot temperatures shows increased cardiovascular strain and the effort needed to uphold cardiac output and thermoregulation. 

Moreover, during moderate activity the results observed no discernible difference in maximum oxygen consumption (VO2max) between hot and cool surroundings. Although the temperature of the surrounding environment can affect other physiological indicators like heart rate and perceived effort, its direct impact on VO2max seem to be not significant due to participants only exercising at the same intensity throughout. To investigate potential relationships between ambient temperature and VO2max, as well as individual variations in heat tolerance and hydration state, more study is necessary.

Additionally, further research by No and Kwak (2016), and Kozlowski and Saltin (1964) supports and emphasizes the influences that environmental temperature has upon on physiological response and endurance exercise function, along with sweat loss and dehydration-induced fluid loss. The knowledge of the complex interchange between ambient temperature, thermoregulation, and exercise performance has been acquaint by these investigations, which has influenced our study.

In conclusion, the investigation supports the physiological adaptions to exercise in both hot and cool conditions, creating emphasis on the effect that temperature has when regulating both exercise performance and thermoregulation. Through the recognition of the adaptations and limitations linked to exercise at varying temperatures. Additionally, the study offers a great amount insight for improving exercise performance and minimizing the risk of heat-related issues. It is important for further investigation into the differences in heat tolerance between individuals and the potential benefits of therapies that are suggested to improve exercise performance in hot environmental temperatures. 
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Equipment references
Calibration gas: Cranlea 995/2619 (20% O2, 8% CO2). Cranlea, Birmingham, UK. Retrieved from https://www.cranlea.co.uk

Douglas Bag: Douglas 100L 2100 series 3-way stop-cock. Hans Rudolph, Kansas, USA. Retrieved from https://www.rudolphkc.com

Dry gas meter: Harvard DGM1. Harvard, Massachusetts, USA. Retrieved from https://www.harvardapparatus.co.uk

Heart rate chest strap: Polar H7 or H10. Polar Electro, Warwick, UK. Retrieved from   https://www.polar.com/uk-en

Mouth Piece: Hans Rudolph 2700 series large 2-way non-return breathable valve. Hans Rudolph, Kansas, USA. Retrieved from https://www.rudolphkc.com

Seca Weighing Scale: Seca 875. Seca, Hamburg, Germany. Retrieved from https://www.seca.com

Servomex Gas Analyser: Servomex miniHF 5200. Servomex, Bristol, UK. Retrieved from https://www.servomex.com/

Stadiometer: Seca 213. Seca, Hamburg, Germany. Retrieved from https://www.seca.com
Tympanic Thermometer: Innovation Radiant TH809. Innovation, Radiant, Taiwan. Retrieved from https://www.radiantek.com

Wattbike Atom: Wattbike Atom X. Wattbike, Nottingham, UK. Retrieved from https://www.wattbike.com


















Sweat Loss Hot vs Cold

Pre	Weight (Hot)	 Weight (Cold)	72.599999999999994	72.400000000000006	Post	Weight (Hot)	 Weight (Cold)	71.900000000000006	72.099999999999994	



Temperature Hot v Cold

Mean Temp (C)	10	20	30	35.799999999999997	36.1	36.200000000000003	Mean Temp (H)	10	20	30	37.299999999999997	38	38.5	Time (m)


Tempareture




HR Hot v Cold

Heart Rate (C)	10	20	30	153.80000000000001	158.6	159	Heart Rate (H)	10	20	30	164.1	172.4	178.9	Time (m)


HR (bpm)




RPE Hot v Cold

RPE (C)	10	20	30	9.8000000000000007	11.2	11.8	RPE (H)	10	20	30	11.3	13.9	15.8	Time (m)


RPE




