Lab Report – Advanced Exercise Physiology

The physiological responses of active university sports students to exercising at 60% of maximum oxygen intake in a hot environment vs a cold environment. 

Introduction
For the human body to maintain general physiological function it must have a core temperature between 36.5 and 37.5 Degrees Celsius (°C) (Guler and Rhein, 2022). Through a process known as thermoregulation, the body carefully controls its internal temperature so that it can remain within predetermined limits even when the environment is considerably different from its own. About 60% of the energy created during the generation of ATP by cells throughout the body is heat that is utilised to keep the body at a constant temperature. In exceptional circumstances, there is a clear risk of death if the core body temperature falls below 32 Degrees Celsius (°C) or rises above 43 Degrees Celsius (°C), yet the body still needs a small range, or between 36 Degrees Celsius (°C) and 38 Degrees Celsius (°C), to function normally. Human skin plays a crucial role in maintaining a nearly constant body temperature by serving as a barrier between internal body organs and the outside world. Sweating, changing the diameter of peripheral blood vessels, and regulating heat radiation are the basic ways that this is accomplished. Skin temperature is not distributed evenly throughout the body (i.e., it is higher in the summer than in the winter), and it varies with environmental temperature. Skin temperature is also lower in the extremities than in the trunk. Internal physiological mechanisms in the body oversee controlling any changes in the stability of body temperature brought on by heat or cold. In contrast to summer, when the sweating process is engaged to lower body temperature, the lowered temperature in winter is controlled by an enhanced metabolic rate and constriction of the peripheral blood vessels (Das and Alagirusamy, 2010). Physical work is substantially impacted by cold. Physical capacity is decreased when limb or body temperature is decreased. For instance, a limb's reduced temperature (in this case, its arm and hand) can impair its ability to move, lose its cutaneous (touch) sensitivity, interfere with its ability to control its muscles, and decrease its dexterity, muscular strength, and endurance. (Attwood and Danz-Reece, 2004). 
When there is a rise in heart rate and a decrease in stroke volume cardiovascular drift (CV Drift) may occur. Long-term moderate-intensity exercise, especially while under heat stress, is linked to lower maximum oxygen uptake after around 10 minutes. Therefore, during prolonged exercise in the heat when cardiovascular drift develops, the increasing heart rate reflects an increased relative metabolic intensity, which has implications for exercise prescription. Numerous variables may have an impact on CV drift. For instance, high temperatures cause CV drift to be more significant than cold ones (Wingo and Cureton, 2012).  


The body uses conduction, convection, radiation, and evaporation as its four primary means of heat exchange when the surrounding conditions are not thermoneutral. Each of these processes depends on the ability of heat to move from a higher concentration to a lower concentration; hence, the rates at which each of these processes exchange heat vary with environment temperature (Blatteis, 1998).

Conduction - When two items are in direct contact with one another, conduction occurs, and heat is transferred. A cold or warm object touching the skin causes it to happen (Blatteis, 1998).

Convection - Heat is transferred to the air around the skin by convection. Cooler air that has since been heated replaces the warmed air as it rises away from the body. In water, convection can also happen. The body loses heat by warming the water nearest to the skin when the water's temperature is lower than that of the body, which causes the warm water to migrate away and be replaced by cooler water. Hyperthermia develops when the body loses heat more quickly than it can regain it as a result of the convection currents that the temperature variations cause. Convection causes the body to lose about 15% of its heat (Blatteis, 1998).

Radiation - Infrared rays are radiated to move heat. Any time two items with different temperatures come into contact, this happens (Blatteis, 1998).

Evaporation - Heat is transferred by evaporation when water evaporates. Evaporating water (in the form of sweat) requires a lot of energy from the skin because it requires a lot of energy for a water molecule to shift from a liquid to a gas. However, relative humidity affects how quickly sweat evaporates; in conditions with lower relative humidity, perspiration evaporates more quickly. During exercise, sweating serves as the body's main method of cooling down, whereas during rest, evaporation accounts for around 20% of the body's heat loss (Blatteis, 1998).






Methods
Subjects
There where 11 subjects used altogether for this experiment, all where university students studying Sports and Exercise science in the University of Wales Trinity St David Carmarthenshire. There was a mixture of males and females taking part in this experiment.  

Equipment
There was a lot of important equipment required for this experiment, this is including seca scales, servomex gas analyser, harvard dry gas meter, calibration gases, Polar H7 Bluetooth HR strap, ParQ, douglas bags x 3, hans-rudolph mouthpiece, hose and noseclip, timer, Wattbike Atom, infra-red ear thermometer and probe covers, borg RPE scale and an indoor weather station.

Pre-experiment testing protocol
Before the main experiment a pilot study will be carries out to work out each subject’s maximum oxygen uptake (VO2 max) and functional power output (W) at 60% VO2 max, which will then be used as a fixed power for the experiments to follow.  

A strict protocol must be carried out and followed for every subject that took part in this experiment, to make sure that all the data and results collected where reliable and consistent. All equipment had to be clean, in working order and calibrated before any use so that each subject’s test could run smoothly with no complications. Check for any changes to ParQ forms and ensure that all subjects are safe and up to a healthy standard to participate. All subjects must weigh in as minimal clothing as possible prior to commencing test, preferably with minimal consumption of liquids but all subjects will be informed that they are not to consume any food or fluid during the test and should aim to be a similar state of hydration prior to each test so that they can be measured accurately when completed. Subjects must wear a Polar H7 Bluetooth chest strap so that their heart rate (HR) can be measured accurately and clearly by the person testing them. The Wattbike must be set up ready for the subject to use with the saddle at the correct height. Core body temperature must be recorded prior to test with the infra-red ear thermometer. Select ‘Just Ride’ on the Wattbike app and set the subjects target power on ‘ERGO’ mode. 

Hot and cold experiment test protocol
Every participant for 30 minutes on the Wattbike Cycle ergometer at 60% VO2 max in the laboratory. For the hot lab, the air temperature got to a maximum of 26.7 Degrees Celsius (°C) at the end of the experiment. For the cold lab, the air temperature got to a minimum of 7.7 Degrees Celsius (°C). core temperature also had to be measured (Cdeg) before each subject started cycling. When the subject has started at 5 minutes and every 5:00 minutes after that the tester must press ‘lap’ on the Wattbike app. At 8:30 minutes the subject will place the Hans-Rudolph mouthpiece and put on the nose clip for them to get used to the feeling of having them on and to get prepared before the sample is taken. At 9:00 minutes the testing will then collect a 60 second sample of air in the Douglas bag, after this when the subject has removed the mouthpiece and nose clip ask the subject for an RPE using the Borg RPE scale, after this the subjects core body temperature needs to be taken and their heart rate (HR) needs to be written down. Repeat this process at 18:30 minutes and 28:30 minutes and then for the 20 minutes and 30-minute times. When all the samples have been taken using the Douglas bags the subject must record their weight again wearing the same amount of clothing as the previous weighing and not taking in any fluids until after weighing themselves. 
The Douglas bags will then have to be evacuated and analysed by using the Servomex gas analyser and the Harvard Dry Gas Meter (Harvard Apparatus, Massachusetts, United States). The Douglas bag is analysed using the Douglas bag method (Hopker et al, 2012). 

Data analysis
To analyse the data, a software called SPSS (Statistics Package for the Social Sciences) and Excel where used. 

Results
There is a difference between the change in temperature, RPE, VO2 and weight loss, in both hot and cold environments. There was a grater rise in temperature in the hot environment compared to the cold. There was also a rise in RPE in the hotter environment, this could be due to the subject having to work harder or the stress of overheating on the body could cause them to fatigue quicker. But there was not a significant rise in VO2 max in the hot environment compared to the cold, there was also a non-significant difference in the two-sided p value.  Lastly there is also a rise in weight loss during the hot experiment. This would be due to the number of fluids lost by the subject due to sweating.  



Fig.1 The mean and standard deviation values from the hot environment results of all 11 subjects who cycled for 30 minutes at 60% VO2 max in a temperature of 26.7 Degrees Celsius (°C). 




Fig.2 The mean and standard deviation values from the cold environment results of all 11 subjects who cycled for 30 minutes also at 60% VO2 max in a temperature of 7.7 Degrees Celsius (°C). 




From analysing the data in SPSS, I can see if any of the results from the change in temperature, RPE, VO2 and weight loss during the hot and cold environment experiment are statistically significant. For the change in core body temperature in both hot and cold the results from the paired samples test, the two-sided p value was 0.02. The two-sided p must be less than 0.05 for the result to be statistically significant, so in this case for temperature the result is statistically significant. This means that the findings from this are reliable and not due to chance 

The two-sided p value for the change in RPE is 0.01, this is also less than 0.05 so the result is statistically significant. 

The two-sided p value for the change in VO2 is 0.31 this means its more than 0.05, which means that there is a non-significant difference. This means that differences as large as the observed difference would be expected to occur by chance more than one out of twenty times (p>0.05) (Guyatt GH et al, 2011).

Lastly the two-sided p value for weight loss after the hot and cold experiment is 0.01, which means that this result also is statistically significant. 
 



Fig. 3 The SPSS values showing the mean and standard deviation of the change in core temperature (°C) of subjects in both hot and cold environments. 





Fig. 4 The SPSS values showing the mean and standard deviation of the change in RPE of the subjects in both hot and cold environments. 



Fig. 5 The SPSS values showing the mean and standard deviation of the change in VO2 max of the subjects in both hot and cold environments. 






Fig. 6 The SPSS values showing the mean and standard deviation of the weight loss after the 30-minute cycle in the hot and cold environments.

Discussion
From the results there is some clear differences between both hot and cold environments and how the subjects reacted to them. These results demonstrate that exercising in a hot environment has more of an impact on the body and causes more stresses than exercising in a colder environment. There were more substantial and statistically significant values than non-significant differences. Studies of continuous exercise performed in a hot environment have revealed that the main contributing factors to exhaustion are a reduction in blood glucose levels and the depletion of glycogen in the working muscles (Saltin and Karlsson 1971). The amount of glycogen measured in the muscle at the moment of tiredness suggests that carbohydrate availability is not a limiting factor, despite a significant decrease in exercise duration to fatigue at higher ambient temperatures (Parkin et al. 1999).  According to reports from previous years, exercise performance decreases at high or even higher ambient temperatures, which are linked to dehydration and an increase in core temperature (Kubica, 1979) (Galloway and Maughan, 1997). During the 5–20 minute incremental exercise testing, it appears that these external and internal factors may have less of an effect. According to Franc et al. (2001), the duration and intensity of exercise are the key factors contributing to an increase in body temperature. 
Another study by M N Sawka, A J Young, B S Cadarette, L Levine and K B Pandolf (1985), showed that their findings indicate that the VO2 max was lowered due to heat stress. Additionally, the state of heat acclimatisation had no effect on the decrease in VO2 max caused by the rise in heat. 
RPE was also affected more in the hot environment. In a hot, humid atmosphere, people frequently feel worse, think their jobs are tougher, and feel their bodies more than they would in a thermoneutral situation (Maw, Boutcher and Nigel, 1993). Due to the heat outside, the individuals heart rates and peripheral circulation rise, which also raises their perception of how intense the exercise is (Maw et al, 1993).
Based on the subject's rate of perspiration and blood vessel dilatation, exercise intensity is perceived by the subject. These incidental elements could amplify skin warmth and heighten awareness of the activity being done. Therefore, cardiac stimulus, sweating rate, and environmental tolerance can all have an impact on a subject's capacity to assess perceived exertion in hot surroundings. According to Skinner, Borg, and Buskirk (1969), exercise-related heat stress shouldn't have an impact on how much effort people perceive themselves to be exerting. It’s also been found that weight loss increased significantly after exercise in the hot environment.  During exercise your body temperature increases to support the body’s physical demands. Exercise in an already warm environment causes your body to work harder to cool itself, burning more calories in the process. Your body also regulates heat by sweating, the more fluids the body loses the less fluids there are in your body which can impact weight (Davidson, 2021).

Conclusion
To conclude this evaluation the effects of hot and cold environments have been shown to have an impact and cause more stress on the body when exercising or putting the body under stress. Heat has been shown to have the biggest effect and has shown a change in temperature, RPE and weight loss after a 30-minute cycle, at 60% of maximum oxygen intake. From this information it’s important that we pay attention to the ambient air temperature when testing athletes in sports laboratory as it could impair the results and have an effect on the athlete.  
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SPSS results for change in weight loss in hot and cold environments.

Weight Loss Hot	Mean	SD	0.71	0.47	Weight Loss Cold	Mean	SD	0.3	0.14000000000000001	



Hot Lab Results 

Mean Hot	Temp change	HR change	RPE change	VO2 change	Weight loss	1.41	15.82	4.91	6.7	0.71	SD Hot 	Temp change	HR change	RPE change	VO2 change	Weight loss	0.56000000000000005	7.3	1.44	6.2	0.45	



Cold Lab Results 

Mean Cold	Temp change 	HR change	RPE change	VO2 change	Weight loss	0.49	5.45	2.73	1.83	0.31	SD Cold	Temp change 	HR change	RPE change	VO2 change	Weight loss	1.06	7.37	1.6	2.41	0.14000000000000001	



SPSS results for change in temperature in hot and cold environments.

Mean	Temp Hot	Temp Cold	1.41	0.49	SD	Temp Hot	Temp Cold	0.59	1.1100000000000001	



SPSS results for change in RPE in hot and cold environments.  

Mean	RPE Hot	RPE Cold	4.91	2.72	SD	RPE Hot	RPE Cold	1.51	1.67	



SPSS results for chnage in VO2 in hot and cold environments.

Mean	VO2 Hot	VO2 Cold	4.13	1.82	SD	VO2 Hot	VO2 Cold	6.45	2.5299999999999998	



