Comparing the Physiological Effects of Exercise in Hot and Cold Environments within University Students

Introduction
Partaking in Exercise and physical activity bring about acute physiological adaptations within the body such as an increase in heart rate, breathing rate and core temperature (Plowman and Smith, 2017). During exercise the demand for oxygen (O2) to the working muscles increases, the amount of oxygen used is known as volume of oxygen consumption (VO2) (Plowman and Smith, 2017). Also, the demand to expire Carbon Dioxide (CO2) and by-products from the body increase, hence why you might see a rapid change in breathing rate and heart rate (Plowman and Smith, 2017).  
 As you exercise more energy is being used and replenish, and in doing so more heat is produced REF. 80% of the ATP breakdown used during exercise is lost as heat and 20 % can be considered as efficient energy as it’s used for skeletal contraction and human bodily functions (Farrell et al, 2012). Human beings have a core body temperature of 37 C° in a relaxed state but have the capability to fluctuate in temperature between 35 C° and 41 C°, going beyond this can cause serious health concerns (Farrell et al, 2012). To unsure that core body temperature during exercise stays within the healthy and safe range the body will go through a variety of different acute physiological adaptations (Notely et al, 2019). For example, blood vessels within the body vasodilate so that heat can be expired to the air, the process of losing heat to the atmosphere is known as conduction (Tyler, 2019). Another coping mechanism that is used as CBD increases is sweat, Sweat is secreted from the body to evaporate on the skin, the sweat must evaporate for this mechanism to be successful, as evaporation is vital to cool down the body (Notely et al, 2019). 
As sweat is produced there’s a loss of fluid and sodium resulting in a decrease in electrolyte and hydration (Belval et al, 2019). Hydration is key as its pivotal for muscle contraction and bodily function (Belval et al, 2019). During extreme conditions and fluid loss individuals can experience cardiovascular drift. Cardiovascular drift is the process of a decrease in stroke volume which leads to a higher heart rate due to blood plasma volume being less (Wingo et al, 2012). Cardiovascular drift will eventually lead to intensity of exercise decreasing (Wingo et al, 2012). This is more common in hot environments and prolonged exercise (Wingo et al, 2012).  
Depending on the environment in which individuals exercise these acute adaptations can differ greatly. In a cold environment (CE) you may see a decrease in heart rate, breathing rate, VO2, and core temperature when comparing to exercising in a hot environment (HE) (McFarlin and Mitchell, 2003). Acute physiological adaptation to cold exposure may cause shivering which is a mechanism to contract muscles to produce heat and cutaneous vasoconstriction of blood vessels to eliminate excessive conduction (Castellani and Young, 2016). When the body goes into this internal state the muscles are unable to produce as much power and strength (Castellani and Young, 2016).
[bookmark: _Hlk124240533][bookmark: _Hlk124436733]   Individuals or athlete can acclimatise to the environment that they might be competing 2 in different ways which is very important if you have been training or competing in a environment that does not replicate the same conditions. An individual on average needs 9 session of 105 minutes of heat exposure for the physiological adaptations to occur, in a process known as acclimation or acclimatisation (Tyler, 2019). Heat acclimation is simply the exposure to heat during exercise in an artificial environment IE laboratory, whereas heat acclimatisation is exposure to heat in a natural environment IE warm country (Tyler, 2019). 
Many researchers have investigated exercising in both hot and cold environments. One research paper found that doing a 60-minute workout at an intensity of 60 % vo2 max in hot environment (38 degrees) significantly increased HR by 50 bpm by the end of the 60-minute workout when compared to exercising in cold environment (McFarlin and Mitchell, 2003). CBT stayed consistent throughout, until final stages of the 60-minute session where subjects CBT increased to 39 degrees in the HE whereas the CBT only increased to 37.5 degrees during the CE session (McFarlin and Mitchell, 2023). There was no significant difference in in VO2 within both environments (McFarlin and Mitchell, 2003).  A study conducted on 9 well trained competitive cyclist investigated how cold and hot environments influenced power output in a 100km time trial, findings show that power output was significantly lower in hot conditions and that body temperature was significantly higher throughout the time trial (Abbis et al, 2010).  38 C° was the set temperature in HE and during CE the set temperature was 10 C° (Abbis et al, 2010).
A study designed to investigate the effects of ambient temperature on the physiological effects to incremental fitness tests discovered that the warmer the environment the higher the heart rate, VO2, breathing rate and Temperature (Aleksander et al, 2011). A similar study investigated how the humidity effects the physiological responses and discovered that RPE, HR, Sweat rate and Core body temperature were significantly higher at 80% humidity (Maughan et al, 2012). There were no significant differences in the physiological responses at 24%, 40% and 60% humidity.
Based on previous research participants will experience cardiovascular drift within the HE, which will increase the elements measured in this study.
Method
Subjects
12 healthy (7 male/5 females) 3rd year university students volunteered to be a part of the study. Information regarding the study’s procedures and protocols were explained prior to study and informed consent form was signed by subjects.
Test protocols
A maximum volume oxygen consumption (VO2max) test was conducted to determines subjects VO2max. The test was conducted on the Wattbike Atom X (Wattbike, Nottingham, UK). Seat height was determined and set based on subjects’ height. Subjects partook in the RAMP test via the Wattbike app. The subjects’ bikes were set in ERGO mode so that they had no concerns with changing gears. The start wattage for each subject varied depending on subjects perceived personal fitness level. After each minute power output would increase by 20 or 15w depending on subjects chosen increments. Subjects Cycled until exhaustion within perimeters of 8 to 15 minutes. Rate of Perceived exertion (RPE) and heart rate (HR) were recorded every 1 minute. HR was recorded via a heart rate chest strap (Polar Electro, Warwick, UK). Every 1 minute 30 seconds a gas collection was collected for 1 minute by using a Douglas bag (Hans Rudolph, Kansas, USA), mouth piece (Hans Rudolph, Kansas, USA), and a nose clip. For the final collection of gas, subjects gave a specific signal to testers that they only had 30 seconds left so that testers knew when to start collecting, subjects then cycled to exhaustion. The sample time was recorded of final bag. The gas sample of subjects was calculated via a servomex gas analyse (Servomex, Bristol, UK) and a Dry gas meter (Harvard, Massachusetts, USA). V02max was calculated by using a VO2max calculating spreadsheet.
Separated by 7 days subjects completed an environmental hot lab test. The test selected was a 30-minute cycle at 60% of their VO2 max power. Participants used same the Wattbike (Wattbike, Nottingham, UK) and set their Bike on ergo mode and at the correct Wattage. Seat height was set identically throughout testing. The Lab was set at a temperature of 30 C°. The elements recorded during the test was HR, CBT, VO2 and RPE. HR was monitored by a chest strap (Polar electro, Warwick, UK), core temperature was measured by Tympanic Thermometer (Innovation, Radiant, Taiwan), VO2 was measured by a combination of a Mouth piece (Hans Rudolph, Kansas, USA), Nose clip, Douglas bag (Hans Rudolph, Kansas, USA), servomex gas analyser (Servomex, Bristol, UK) and a dry gas meter (Harvard, Massachusetts, USA). RPE was recorded by a RPE sheet. Prior to test, subjects weighed themselves by using a seca weighing scale (Seca, Hamburg, Germany). Testers also recorded subjects CBT prior. At 9-, 19- and 29-minutes testers would record RPE, HR and CBT. They would also collect a 1-minute-long sample of air from subjects. Post test subjects would then immediately weigh themselves on the same scale to determine fluid loss. Separated by 7 days subjects completed an environmental cold lab test with following the same protocol as the hot lab test. The lab was set at a temperature of 6 degrees. Prior to all tests subjects were advised not to train within the 24-48 hours before testing.
Data analysation
Data from the test were all stored safely within an excel spreadsheet The data collected was analysed via SPSS software. Paired sample T-Tests was the chosen formula to compare and analyse the results. 

Results
[image: A screenshot of a computer

Description automatically generated]
Figure 1
The changes in CBT, HR, RPE, VO2, and Weight during environmental hot and cold laboratory sessions (MEAN).
Figure 2
The changes in Heart rate at 10, 20 and 30 minutes in both environments (MEAN).



The HE seemed to be the most demanding on the physiological system as the change in CBT, HR, RPE, VO2 and weight all increased the most during the HE test (Figure 1). The change in CBT during the HE test was 1.3 ± 0.72 C° while the change in CBD during the CE test was 0.4 ± 1.07 C°. Even though there was a increase it was not statistically significant as the P value was 0.063.
There was statistically significant difference in HR (P<0.01) between both environments, the mean of change in HR during cold lab was 5.3 ± 7.40 BPM while the mean during the hot lab was 15.6 ± 7. 07 BPM (figure 2). The highest change in RPE during both session was during the hot lab test (4.7 ± 1.73). The cold lab test saw a mean change in RPE of 2.5 ± 1.78 among subjects. This showed no significant difference (Table 1). Figure 1 shows that the VO2 of subjects during the environmental tests that the hot lab required more oxygen consumption (4.3 ± 6.15 ml/kg/min). The cold lab test saw a slight increase but nothing that can be considered substantial (1.9 ± 2.41 ml/kg/min). P value was not significant (Table 1). Weight was lost the most during Hot lab test (0.7 + 0.45KG). The amount of weight lost during Cold lab test was 0.3 ± 0.14KG (Table 1). This indicated a statistically significant difference (P<0.017) (Table 1).Table 1
Table showing the mean, standard deviation and p<values of CBD, HR, RPE, VO2 and weight lost during hot and col environmental test.


Mean/SD (HOT)
Mean/SD (COLD)
Two-sided P Values
Change in CBT (C°)
[bookmark: _Hlk124858776]1.3 ± 0.72
0.4 ± 1.07
0.063
Change in HR (BPM)
15.6 ± 7.07
5.3 ± 7.40
0.01
Change in RPE
4.7 ± 1.73
2.5 ± 1.78
0.021
Change in VO2 (ml/kg/min)
4.3 ± 6.15
1.9 ± 2.41
0.204
Change in Weight (KG)
0.7 ± 0.45
0.3 ± 0.14
0.017



Discussion
Exercising brings along a variety of different physiological effects to try and maintain a homeostasis environment within the human body (Nielsen and Nybo, 2003). Elements such as the environment that you exercise within can influence the physiological effects to a great extent (Wendt et al, 2007). It is well known that exercising for a prolonged period in a HE can significantly decrease performance due to a variety of different complications such as dehydration for example (Wendt et al, 2007). Exercising in the heat Limits the cardiovascular system greatly, as fluid is lost to maintain a healthy CBT, which decreases blood plasma volume (Gonzalez-Alonso et al, 2008). To maintain the same intensity the cardiac output to the working muscles must remain constant (Gonzalez-Alonso et al, 2008). For individuals that suffer from great fluid loss and a decrease in stroke volume during exercise the heart must beat faster to ensure that cardiac output remains the same (Gonzalez-Alonso et al 2008). To begin RPE will increase even though intensity remain constant and eventually intensity will have to decrease to be able to keep on exercising. 
 Exercising in a CE raises concern when it comes to athletic performance also (Carlson, 2012). As we know the ability to create the most amount of force possible is affected greatly with muscle temperature (Nimmo, 2004). When skeletal muscles are cold, force output decrease hence why warming up is pivotal for athletic performance (Plowman and Smith, 2017). The ability to endure CE exercise is associated with characteristics and genetic profiles of individuals (Nimmo, 2004). For example, tall and slimmer built individuals will suffer more compared to shorter bulkier individuals (Nimmo, 2004). Heat production and heat loss are two elements that need to be measured carefully when exercising in CE. Both heat production and loss need to be equal to prevent hyperthermia (Carson, 2012). If heat loss is more than heat production and CBD drop below 35 C° then participants are at risk (Carlson, 2012).
The findings from this study indicate that the subjects struggled more during the HE lab test. As all subjects were based in the UK which is know to have colder temperatures maybe acclimation to heat exposure was needed for them to be able to better cope with the conditions. All components measured increased during the HE lab test. CBT increased slightly more during the HE lab test but there was no significant difference. This is understandable as most studies conducted on comparing HE and CE exercise see an increase in CBT during the HE intervention (Abbis et al, 2010) (McFarlin and Mitchell, 2003). Perhaps if duration within our interventions were longer, then a statistically significant difference may have been present. 
There was a statistically significant difference in HR (P< 0.01) and weight loss (P> 0.017) between both interventions, it was found that HR and weight loss was increased during the HE lab test. This indicated that Cardiovascular drift was present within the subjects as both go hand in hand with one another (Wingo et al, 2012). Perhaps a rational for this may be due to the amount of fluid loss blood plasma volume decreased resulting in a decrease in stroke volume. As a result, in a decrease stroke volume subjects had to work harder to maintain the same Cardiac output. The evidence shown support other studies such as (Aleksander et al, 2011) (Maughan et al, 2012). Both studies identify that heat and humidity have a negative effect on exercise capacity and early fatigue is likely (Aleksander et al, 2011) (Maughan et al, 2012).
Change in RPE was statistically significant P<0.02 which indicates that subjects found the HL test psychologically harder. Based on the other physiological responses it would suggest that it was in fact harder as HR was significantly higher. An increase in RPE supports Maughan et al, (2012) study as they found that a session in 80 % humidity increased RPE significantly. A rational behind this is due to Cardiovascular drift being present by the end of the session subjects had to work harder to maintain healthy CBT resulting in more sweat loss. A combination of sodium and blood plasma loss could of made repeated skeletal muscle contraction more challenging and possibly recruitment of fast twitch fibres may have been present by the end as subjects worked anaerobically. As we know fast twitch fibres are significantly more prone to fatigue due to the characteristics that they require more VO2 and energy which comes at a cost of greater heat production (Krustrup et al, 2004). 
VO2 was slightly higher during the HE lab test but nothing that can be considered significant. Perhaps a justification of slightly higher values may suggest that subjects respiratory rate increased without increasing breath by breath tidal volume. This statement cannot be for certain as respiratory rate was not measured during the tests. Higher values of VO2 would support Aleksander et al, (2011) study as they found that VO2 increased during their warmer environment test (37 C°). 


Conclusion
[bookmark: _Hlk124438901]The information found from this intervention show that different temperature environment can have a large effect on the physiological responses. It indicates that individuals seem to adapt better to colder environments when it comes to exercising. The information found in this study could be of use to individuals that exercise recreationally in different environments and perhaps athletes that compete in different conditions. The study’s findings highlight the importance of acclimation and acclimatisation and how it can play a big part in performance. Future research should investigate the hormone response to exercise in different temperature environments and how hormones may influence physiological responses. 
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HOT	CBT (C°)	HR (BPM)	RPE	VO2 (ML/KG/MIN)	WEIGHT (KG)	1.3	15.6	4.7	4.3	0.7	COLD	CBT (C°)	HR (BPM)	RPE	VO2 (ML/KG/MIN)	WEIGHT (KG)	0.4	5.3	2.5	1.6	0.3	
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