Physiological Effect of Aerobic Exercise in cold environments in comparison with hot environments.
[bookmark: _Hlk124943982]This study used results from tests conducted specifically for this paper and literature surrounding this topic, as-well as results from other studies. This is to bring together a wide breadth of knowledge, aiming to inform individuals of the different needs and goals. The objective of this study was to compare the physiological demands of exercise in cold surroundings in comparison with exercise in hot environments. According to a previous study (Hargreaves, 2008), tests conducted in laboratories have shown that working out in hot weather reduces endurance and exercise ability.  Related heat induced studies show a decrease in performance throughout high-intensity sprint activity. Numerous physiological and metabolic factors may contribute to the extreme exhaustion experienced after physical activity in the heat. Changes to the cardiovascular system, central nervous system, fluid balance, and energy metabolism are significant reactions. A highly elevated core temperature tends to be a typical cause of exhaustion during exercise in the heat, possibly because of a low cardiac output's failure to sustain cutaneous perfusion for heat loss (Hargreaves, 2008).
 This effect can be seen by using a Wattbike. As many different studies showed, there are countless factors that could affect how well a subject performs on a Wattbike. For example, the temperature of the room they are riding in; In a hot room the temperature influences the rate of our biological chemical reactions, for example our metabolism. A rise in temperature can increase the rate at which these processes occur, but if the temperature gets too warm then the elements of the cells break down and these processes start to fail. The subjects experienced more sweating, cognitive ability decreased with the increase of cognitive load, and muscles reached fatigue faster (Boynton, 2020). 
Exercise in cold can be seen as an advantage when it is for long periods of time at moderate intensity, however, if the intensity is lower and the subject body cannot generate enough metabolic heat to offset the effect caused by the cold environment it can be prejudicial to subject performance (Nimmo, 2004). According to Brown et al. (1982) moderate intensity exercise in the cold (9°C) uses less muscle glycogen than a hot trial (41°C), with no change in oxygen use between the two environmental conditions. Following on from this, lowering of muscles, nerves, and deep body temperatures can reduce performance in the cold. Action potential firing, conduction, amplitude, and repolarization slow down below a local tissue temperature of 20 C. When more motor units are recruited to sustain force output, the pace of force application is notably impacted. Twitch force, muscle spindle activity, and stretch reflexes are all reduced, as well as enzyme activity, adenosine triphosphate (ATP) utilisation rate, acetylcholine, calcium release and absorption, and muscle tendon elasticity. Reduced muscle blood flow causes anaerobic metabolism to contribute early, this raises plasma lactate levels, and shortens the time it takes to exhaustion. Shivering increases oxygen consumption and cardiac output during low-intensity exercise, decreasing exercise economy and accelerating glucose oxidation rates as well as weariness and glycogen depletion. (The BASES Expert Statement on Human Performance and Health in Cold Environments, 2020). Due to vasoconstriction and increased central venous pressure, exposure to the cold can also cause a cold-induced diuresis; however, this can be avoided by engaging in moderately intense activity. In addition, to impairing performance, tiredness, hypoglycaemia, dehydration, and hypothermia which can pose a serious health risk when exposed to the cold (The BASES Expert Statement on Human Performance and Health in Cold Environments, 2020). Skeletal muscle requires more oxygen and substrate throughout aerobic fitness, and it also expel more metabolites and carbon dioxide. To adapt to these increased demands, metabolic, cardiovascular, and ventilatory function are altered by chemical, mechanical, and thermal stressors (Burton, 2004).

Another topic relevant to this study is thermoregulation which is based in a constant balance between heat input and heat loss. The skin exchanges heat with the surrounding environment and the direction and intensity of these exchanges depends on the temperature of the environment and the thermal insulation capacity of the skin. There are four modes of heat exchange between the skin and the surrounding environment: radiation, convection, conduction, and evaporation. In a hot environment, the combination of heat and exercise leads to an increase in physiological stress greater than that induced by either stress individually. The dissipation of body heat during exercise in an ecological environment is influenced by the convection of the air, the humidity of the environment and the speed of movement of the athlete (Riera, 2021). While the advantages of staying hydrated on performance in hot environments have long been recognised, far less is known about the implications of staying hydrated in cold climates (Riera, 2021).

Method(protocol)
During the study 12 students were collected for this experiment, to cycle for 30 minutes on a Wattbike at 60 % of Vo2max. Firstly, prior to equipment use, everything was checked and cleaned to make sure everything worked and was calibrated perfectly. Secondly, the participants were checked for any changes to PAR-Q and that they were still safe to participate. Participants were checked for readiness and weighed in minimal clothing. Furthermore, individuals were informed that they should be in a similar position of hydration before each test and that there was to be no food or drink to be consumed during the tests. Next, the participants were asked to put on the Bluetooth chest strap whilst the Wattbikes were set up. When setting this up it was important to establish an appropriate combination of resistance and cadence to elicit power at 60% VO2max. Lastly, before beginning the test the three following points were checked; the core body temp of participant, that the chest strap was paired to the Wattbike app, and that the target power was set to ‘ERGO’. When the test was conducted, the participants were asked to begin cycling at the pre-determined levels and the timer was started; during the test the participants were asked to lap the timer after every five minutes. All the following values were recorded on the data sheet alongside the 10 min time. At 8:30 min the participants were asked to wear the Hans-Rudolph mouthpiece and nose clip. At 9:00 minutes at 60 second Douglas bag of air was gathered. However, the participants were reminded for a score of perceived exertion at 9:50 minutes. After collection the core body temperature was recorded. Steps were repeated and followed from the 8:30 mark with the body temp recorded at the subsequent times 18:30 min and 28:30 min. After testing the weight was recorded for the final time. Participants were checked to wear the same clothing as in the start. All relevant data was recorded to calculate VO2, VCO2 and RER, as well as to establish the mean heart rate (HR) at 10 min, 20 min and 30 min marks. Finally, all the mentioned data was recorded onto a master spreadsheet.







RESULT
From 11 subject that I used during this experiment, 2 of them did not experience a change in temperature during the test.

Figure .1
The body temperature change in hot environment had a mean result slightly higher than 1.2 with SD of 0.7 while in cold environment had a mean value slightly higher than 0.2 and SD value of 8. Resulting higher increase of body temperature in hot environment, with a difference of mean result of both environments be approximately of 1.
The paired sample test T= -3.098 and P= .011


Figure .2
The Heart Rate change in hot environment had a mean result of 16 with a SD slightly >6 while in the cold environment had a mean result slightly higher than 4 and SD >6. Resulting in higher increase of heart rate in hot environment with a difference of >11 on mean between both environments.
The paired sample test:  T= -4.161 and P= .002

Figure .3
The RPE change in hot environment had a mean >4.5 with SD >1.5, while cold environment had a mean change of 2.5 and SD >1.5. Hot environment showed to have a higher level of RPE, with a mean difference >2 in comparison with cold environment.
[bookmark: _Hlk125069652]The paired sample test:  T= -2.173 and P= .055
 

Figure .4
The v02 change in the hot environment had a mean value >5 with SD >4, while in the cold environment had a mean change >1 with SD >2. Therefore, vo2 change collected were much higher in the hot environment mean difference >3 in comparison with cold environment. 
The paired sample test: T= -1.750 and P= .111

Figure .5
The weight loss in hot environment had a mean result of >0.7 and SD of >0.4, while in the cold environment had a weight loss of 0.3 with SD >0.1. The weight loss in hot environment is higher than the cold environment with a difference >0.4.
The paired sample test:  T= -2.939 and P= .015                                      

DISSCUTION 
Nielsen et al. Noted that exhaustion from exercise at 60% of˙vo2max at either 20 or 40°C occurred when core temperature reached 39.7°C regardless of acclimation state. These authors suggested that core temperature rather than circulatory failure is the critical factor limiting exercise capacity in the heat. The core temperature increased the most in the hot environment (Fig.1), with higher value in comparison with mean result in both environments, with a low SD which means that the data was closely around the mean. Paired sample test showed that there was a statistics significant difference with a value of 0.015. Due to the high metabolic heat production and heat gain by physical transfer from the environment. To prevent a rise in core temperature the body will increase the rate of sweat secretion onto the skin.  This will limit the rise in core temperature and can prolong the time before a restrictive temperature is reached (Maughan 2004). While in cold environment the SD was higher than the mean, which implied than the data were dispersed over wider range of values. Just like Nimmo (2004) stated the increase of core temperature will depend on the intensity of the exercise, and also it is affected by individuals anthropometric and body composition compared to hot.
Just like core temperature the heart rate also increased (Fig.2) in both of the environment, however the hot environment had the most impact with a mean result of 16 which higher than the mean result collected in cold environment. The SD was higher than the mean in cold environment however in T-test (P= .002)with a value lower than 0.05 which means that was a significant statistics difference. The effects of the reduced blood level from the rise in core temperature, and increased rate of sweat discharge are compensated to some extent by cardiovascular adaptations, including an increased heart rate (Maughan, 2004). Doubt (1991) added that Heart rate is generally lower during exercise in the cold. The correlation between heart rate and oxygen consumption is changed and oxygen uptake at a given rate is higher. This leads to Cardiac arrhythmias being more frequent in the cold whereas in the hot environment this was more likely caused by increase of core temperature and sweet discharge rather than oxygen consumption.
[bookmark: _Hlk124653328]The amount of vo2mx collected in hot environment was also higher than the one collected in cold environment, with the SD being lower than the mean in hot environment but higher but higher than the mean in cold environment. The paired sample test of vo2max had (P= 0.015), which was a significant statistics difference. VO2MAX-Hot-environment Low to moderate amounts of dehydration (2-4%) will result in a 10–27% decline in VO2 max and a 2–48% drop in endurance capacity (Armstrong, 2000). Fortney 1979 also states that vo2 max suffers a decrease due to the heat and had greater mean decrease in plasma volume during exercise in a hot environment and workload suffers from this. (Fortney and Senay, 1979) Maximum oxygen uptake(˙VO2max) had been reported to be reduced or unaffected during cold exposure, and performance of high intensity exercise is reduced at lower muscle temperatures (Galloway, 1997).
The RPE mean change (Fig.3) in hot temperature was significantly higher than the cold environment, which showed that aerobic exercise in heat was much harder than exercise in cold. Perceived work in a hot environment is deemed to be harder. Studies show subjects who exercised in hot environments felt worse, and experienced greater thermal sensation in the hot condition (Maw, Boutcher and taylor, 1993). Other studies made in cold environment demonstrate an increase in HR, RPE and rectal temperature had increased too just like subject used by Walsh (2002). On cold environment RPE change has shown an overall increase in most participants with two of the participants showing no change at all.
When it comes to weight in the hot room, Overall, the mean result had a loss of 0.7g and the SD of 0.45. While in cold room had a mean loss of 0.3g. The body weight can be affected during exercise in a hot room due to the loss of water in the body. “Body water deficits of as little as 2% body weight can impair physical performance” (Latzka and Montain, 1999). 

Conclusion
In conclusion this study this was to compare the effects of exercise in hot environment and cold environment, therefore it was found that work out in hot environment was harder, showing the fundamental objective of measures to improve exercise performance should be to reduce the increases in body core temperature because hyperthermia tends to be the principal contributor to fatigue during arduous exercise in the heat. Acclimatization, pre-cooling, and hydration intake are useful tactics (Hargreaves, 2008).
It was sated by Riera (2021) that athletes were not able to work at their maximal potential, adding that the skin blood flow limits heat transfers for the skeletal muscle to central compartment, however on this study the cold environment were beneficial for the subjects cycling at moderate intensity for long period of time, which allowed the subject to maintain an ideal body temperature after the raise metabolic function.
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Weight loss

Mean	Hot	Cold	0.72500000000000009	0.30909090909090914	SD	Hot	Cold	0.42646805273079963	0.13787046261911917	



TEMP CHANGE

Mean	Hot	Cold	1.2333333333333332	0.2454545454545454	SD	Hot	Cold	0.68597052090855615	0.80154808891480445	



HR CHANGE 

Mean	Hot	Cold	16	4.5454545454545459	SD	Hot	Cold	6.6833125519211407	6.9852264408358344	



RPE CHANGE

Mean	Hot	Cold	4.666666666666667	2.5454545454545454	SD	Hot	Cold	1.7480147469502525	1.776801844153824	



VO2 CHANGE

Mean	Hot	Cold	5.4916666666666671	1.9	SD	Hot	Cold	4.8200031696623959	2.4079414067169114	



