[bookmark: _Hlk124002378]Advanced Exercise Physiology- Assignment 1- Lab report- 2500 words
Ambient VS Heat: The physiological effects of exercising in different environmental conditions.

Introduction:
A greater physiological strain is placed upon the body when exercising in heated conditions (Tyler et al, 2016). The increase in body temperatures have been linked to cardiovascular, neuromuscular, metabolic, immunological and perceptual alterations (Cheung and Sleivert, 2004). 
[bookmark: _Hlk124243650]Humans have a normal body temperature that ranges between 36.1°C -37.8°C, and are known as homeothermic creatures, who are able to regulate their internal body temperature subconsciously, no matter the environmental changes (Kurt and Farmery, 2014). When homeostasis is disturbed by the presence of heat stress (Taylor, 2014), the physiological function known as thermoregulation is activated. Thermoregulation is controlled by the Preoptic-anterior hypothalamus (POAH), within the brain (Boulant, 2000) and connected to the spinal cord where responses can travel back and forth through the sympathetic nervous system (SNS). Thermoregulation occurs when the core body temperature has deviated away from the natural set point (Weller, 2005), causing the appropriate sensory receptors to be activated such as the peripheral thermoreceptors within the skin, and the central thermoreceptors within the brain and spinal cord (Tansey and Johnson, 2015). 
When exercise occurs, working muscles are in need of large quantities of adenine triphosphate (ATP), which is the energy broken down to allow the working muscles to continue contracting, however this can only be done if there is an increase oxygen (O2) intake, as this aids in the regeneration of ATP (Smith and fernhall, 2022). As this process takes place, the body also needs to discharge the carbon dioxide (CO2), that has amassed and is a form of biproduct due to the increase of cellular respiration (Smith and fernhall, 2022).
According to Smith and Fernhall (2022), there are two types of adjustments that must take place in order to achieve the increase of O2 and expulsion of CO2 when exercising, the first being that the heart rate and force of contraction should increase, including a large increase in cardiac output. Second, is the disruption to the cardiac output, due to the blood vessels at various parts of the body adjusting in diameter, as this allows more blood to flow to the contracting muscles and less blood to flow to inactive muscles. However, Crandell and González (2010), found that exercising at a moderate to high intensity level in hot or humid environments resulted in ‘significantly lower’ stroke volume (the amount of blood ejected in a single cardiac contraction), lower cardiac output ( the amount of blood ejected from the ventricles per minute) along with an elevated heart rate (the number of times the heart beats per minute), reaching near maximal.
[bookmark: _Hlk124095094]González (2012), explains that all cells within the body produce heat by converting metabolic energy into mechanical energy but describes the process of conversion as ‘very inefficient’, this is due to the metabolic heat production, otherwise known as the breakdown of ATP (Adenine-Triphosphate) , where 30-70% of the energy freed in a  muscle contraction is shown to be thermal energy. When partaking in exercise, metabolic heat production increases above the basal levels (approx. 37°C), therefore activating the responses of thermoregulation for heat loss (Schlader et al., 2010). The heat lost through metabolic production is dissipated from the body in order to prevent overheating, leading to physiological measures such as the reduction of blood flow from the core of the body to the periphery, for example the skin, where heat can escape to the outside environment (Sawka and Young, 2006). The loss of heat from the body to the surrounding environment can be achieved through four different responses, Conduction (K), the heat transfer between two solid objects. Convection (C), the heat exchange between a surface and a fluid. Radiation (R), occurs when the surrounding environmental objects have a lower surface temperature than the body's. Evaporation (E), the phase change of water to water vapour, i.e. when water is secreted onto the skin's surface via the sweat glands (Sawka et al., 2011).
There are two forms of heat adaptation, the first is acclimation. This occurs when athletes spend a short amount of time, over a period of days or weeks, in an environment that is artificially heated, such as a sauna or heated room to induce heat adaptations. The second form is acclimatization, a longer term of exposer over months or years to natural environments of warmer weather or elevated ambient temperatures (Tyler et al., 2016). 
Casa (1999), suggested that exercising in a heated environment compared to exercising in an ambient environment, created physiological alterations within the circulatory, thermoregulatory and endocrine systems, all of which are inter-related, with the intention of sustaining the central blood pressure, cooling of the body, muscular function maintenance and the regulation of fluid volume responding appropriately  
Method:
Subjects:
Ten university students, six male, (mean ± SD age 28.5 ± 7.8 years; height 174.3 ± 8.1cm; body mass 73.9 ± 8.7 kgs), participated in two controlled, environmental condition experiments. All subjects were regularly engaged with recreational training, but were unfamiliar with exercising in heated environments at the time the studies were conducted. Prior to any testing the subjects were asked to complete a PAR-Q to ensure they were safe to participate in any physical nature of testing. 
Experimental protocols: 
Prior to the 30 minute test in the environmental conditions, all subjects initially completed a maximal fitness test, using an incremental cycle to volitional exhaustion. This maximum test was to determine the VO2 max along with maximum power output. Once subjects had completed the maximal fitness test, they were then able to work out 60% power of their individual max, ready for the environmental testing. 
[bookmark: _Hlk124001248]The first test took place in ambient conditions, with an air temperature of 18 °C and air humidity of 69%. The second test was conducted in heated conditions, with an air temperature of 26.7 °C and the air humidity was 69%.
Prior to testing, equipment was cleaned and calibrated, using calibration gas, (Cranlea 995/2619, 20%O2, 8%CO2) (Cranlea, Birmingham, UK). Subjects weighed themselves in minimal clothing before testing using a set of Seca weighing scales, (Seca 875, Seca, Hamburg, Germany) and their height taken using the Stadiometer (Seca 213, Seca, Hamburg, Germany). Food or fluid should not be consumed during testing and a likened state of hydration before each test should be achieved. Subjects were asked to wear a Polar H7 Bluetooth chest strap (Polar electro, Warwick, UK), as this would monitor their heart rate (HR) throughout the tests. 
Watt bikes (Atom X, Wattbike, Nottingham, UK) were set up to 60% power of the subjects VO2 max test, this determined the intensity output of the test. Subjects core body temperature was taken prior to testing, using an ear thermometer (Innovation Radiant TH809, Innovation Radiant, Taiwan).
The test would take 30 minutes in total and at 8:30 minutes of the test, subjects were asked to insert the Hans-Rudolph mouth piece  (2700 series large, 2-way non-return breathable Valve. Hans Rudolph, Kansas, USA), and place a nose clip on. When subjects hit the 9:00 minute mark, a breath sample was collected into a 100L Douglas Bag (2100 series, 3-way stop-cock, Hans Rudolph, Kansas, USA). The sample was collected for 60 seconds (9:00-10-00 minutes). At 9:50 minutes, subjects were asked for their Rate of Perceived Exertion (RPE) score using the Borg Scale(Borg, 1982). On completion of the subjects breath sample, their core body temperature was taken again. All the data values were recorded using the data sheet and placed within the 10 minute section. 
The steps that required data to be collected and recorded were repeated twice more at the set times of 18:30 minutes and 28:30 minutes. On the completion of the test, the subjects were asked to re-weigh, in the same clothing as pre-testing.

The Douglas Bags were evacuated in sample order for 30 seconds for the Oxygen and Carbon di-oxide to be recorded using the Servomex gas analyser (Servomex miniHF 5200, Servomex, Bristol, UK). The Harvard gas dry meter (Harvard DGM1, Harvard Massachusetts, USA) was used to determine the bag volume and 0.9 added. 
Statistical analysis:
The mean and standard deviations (±) of five individual paired T-test’s, using Cohens'd, SPSS software were conducted to evaluate the physiological impact that ambient and heated environmental conditions may have. A value reading were P equals >0.05, shows a significant difference between results. Therefore a value of P equals < 0.05 demonstrates no significant difference between the results.
(All equipment can be viewed in appendix 1)
Results:
The five variables that were measured in both the ambient and heated environmental conditions consisted of core body temperature, heart rate, rate of perceived perception (RPE), VO2 ml/kg/min and weight lost. The Cohens’d t-test analysis, revealed no significant differences between that of the ambient conditions compared to the heated conditions. Figure 2 shows the mean and standard deviation ± of the five variables that were monitored in both the ambient and heated testing conditions at the specific times 10, 20 and 30 minutes. 
Figure 2: Ambient VS Heat- Mean
(Figure 2- the mean and SD ± variables in both ambient and heat environmental conditions)
No significant, statistical differences were found, even though Figure 3 does indicate that the Heart Rate in the heated environment was approximately 10 beats higher at 10 minutes into to the test, than that of the ambient environment. This trend continued throughout the test for this variable. Figure 4, shows that within the heated environment, VO2 output was higher at 10 minutes than it was in the ambient environment. By the 30 minute mark of the test, it  had increased by approximately 4.5 ml/kg/min compared to the ambient environment, which had increased by 1 ml/kg/min and proceeded to level off. 
Figure 3: Ambient VS Heat- Heart Rate 			Figure 4: Ambient VS Heat VO2 (ml/kg/min)
(Figure 3- P=0.196) 					(Figure 4- P=0.171)

Figure 5, compares the RPE of the subjects in both testing conditions. It reveals that at 10 minutes, the RPE within the heated environment was lower that that of the ambient environment to begin. However, by 30 minutes of the test, the RPE in the heated environment exceeded that of the RPE in the ambient environment, suggesting that subjects may have found the test harder by this point. Figure 6, indicates that subjects had a higher core body temperature in the heated environment at 10 minutes than that of the ambient environment and remained that way until the end of the test.


Figure 5: Ambient VS Heat- RPE 		Figure 6: Ambient VS Heat- Core Body Temperature
(Figure 5- P = 0.077) 					(Figure 6- P = 0.149)
Figure 7 demonstrates the comparable mean of the weight lost in both environments. The data reveals that more weight was lost after the 30 minute test in the heat environment, than in the  ambient environment. However statistically, no significant difference was found. 
Figure 7: Ambient VS Heat- Weight Lost
(P=0.92)

Discussion:
Within the heated environment, heart rate was higher throughout the test than the ambient conditions, however was no significant statistical difference was found. Previous studies by González-Alonso et al., (2000) have shown that heart rate will increase in heated environments therefore this was expected, however the study of González-Alonso et al., (2000), was conducted in conditions of 35˚C and not 26˚C. If the study was to be repeated, it is recommended that the heated conditions would be higher inevitably leading to a significant difference between environmental conditions.
The core body temperature of the subjects again was higher within the heated environment compared to the ambient environment. This demonstrated no significant difference. González-Alonso (1999,2000), identified a link between increased heart rate and core body temperature, due to the body’s effectiveness to dissipate heat. Therefore when exercising in heated conditions, the ability to lose heat is less effective causing the heart rate the rise. Consequently, when partaking in exercise of the same intensity but in heated conditions, heart rate will increase alongside the core body temperature (Achten and Jeukendrup, 2003). However, according to Sawka, Cheuvront and Kenefick (2015), the rise is core body temperature can be under-appreciated. This is because an increase in core temperature can reduce the whole of the skins blow flow, which in turn can be represented as a good response for sustaining aerobic performance in heated conditions.
No significant difference was found within the VO2 data, although the VO2 in the heated environment stayed consistent from 10-20 minutes but clearly increased from 20-30 minutes, compared to the ambient conditions, which demonstrated a gradual rise  from 10-20  minutes at which it begins to remain consistent. However, Périard and Racinais (2015), found that the readings of VO2 within the heated environment were lower the data collected within this test. Again, this could be due to the environmental conditions as Périard,and Racinais (2015), conducted the study in temperatures of 35˚C also. Within the heated environment, subjects the perceived the test to be harder from 20 minutes until competition, compared to the ambient conditions. However, no significant difference was found and no conclusive evidence to back this was found.
The results revealed that subjects had an increase loss of body weight (water) whilst in the heated environment compared to the ambient environment. This is because the body has entered a stage of hypohydration or water and electrolyte deficit, meaning the body is now expelling more water in the form of sweat in order to thermoregulate than it is consuming (Sawka and Montain, 2000). This study also suggests that being in a state of hypohydration whilst exercising, has been know to be associated with decreased plasma volume, in turn increasing the viscosity of the blood and therefore effect venous return.
Consequently, linking back to the decrease of stroke volume and cardiac output, equalling to cardiovascular drift (Casa, 1999), and is why the HR and CBT both increase together. Previous studies have also shown that when the body secretes sweat in order to try and cool, it is most effective in environments where the humidity is relatively low, meaning the sweat will stay on the skins surface for longer. However if the humidity of the environment is high, then sweat evaporation is hindered, leading to minimal loss of body heat, which can then progress to heat illness (Wendt et al., 2007).
Conclusion:
Overall, the previous research produced, along with the comparison of ambient and heated environments has been able to show that physiological responses did take place and had some sort of effect on the subjects, even down to their perception of the test. It has also been shown that the responses are interlinked and have a knock effect amongst each other. To conclude, exercising at 60% of VO2 max did indicate that there were trends within the different data points collected from the heated environment compared to that of the ambient environment, however no statistically differences were shown. Reflecting on the finding of this study and supported with the evidence of previous studies, more subjects would be needed, along with an increase in environmental temperatures and higher air humidity. This would highlight more differences and produce a significant, statistical difference within the data if this test was to be repeated.
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Appendix 1:
	Item
	Make & Model
	Website

	Heart rate chest strap
	Polar H7 or H10
	https://www.polar.com/uk-en 

	Servomex Gas Analyser
	Servomex miniHF 5200
	https://www.servomex.com/ 

	Calibration gas
	Cranlea 995/2619 (20% O2, 8% CO2)
	https://www.cranlea.co.uk 

	Seca Weighing Scale
	Seca 875
	https://www.seca.com 

	Wattbike Atom
	Wattbike atom x
	https://www.wattbike.com 

	Tympanic Thermometer
	Innovation Radiant Th809
	https://www.radiantek.com 

	Dry gas meter
	Harvard DGM1
	https://www.harvardapparatus.co.uk

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

	Douglas Bag
	Douglas 100l 2100 series 3 way stop- cock
	https://www.rudolphkc.com 

	Stadiometer
	Seca 213
	https://www.seca.com 



Reference List:
Achten, J. and Jeukendrup, A.E., 2003. Heart rate monitoring. Sports medicine, 33(7), pp.517-538. Available on: 00007256-200333070-00004.pdf (springer.com) Accessed on: 19th January 2023
Boulant, J.A., 2000. Role of the preoptic-anterior hypothalamus in thermoregulation and fever. Clinical infectious diseases, 31(Supplement_5), pp.S157-S161. Available on: Role of the Preoptic-Anterior Hypothalamus in Thermoregulation and Fever | Clinical Infectious Diseases | Oxford Academic (oup.com) Accessed on: 10th January 2023
Casa, D.J., 1999. Exercise in the heat. I. Fundamentals of thermal physiology, performance implications, and dehydration. Journal of athletic training, 34(3), p.246. Available on: Exercise in the Heat. I. Fundamentals of Thermal Physiology, Performance Implications, and Dehydration - PMC (nih.gov) Accessed on: 18th January 2023
Cheung, S.S. and Sleivert, G.G., 2004. Multiple triggers for hyperthermic fatigue and exhaustion. Exercise and sport sciences reviews, 32(3), pp.100-106. Multiple Triggers for Hyperthermic Fatigue and Exhaustion : Exercise and Sport Sciences Reviews (lww.com)
Crandall, C.G. and Gonzalez‐Alonso, J., 2010. Cardiovascular function in the heat‐stressed human. Acta physiologica, 199(4), pp.407-423. Available on: Cardiovascular function in the heat-stressed human.: EBSCOhost (uwtsd.ac.uk) Accessed on: 8th January 2023
[bookmark: _Hlk124001720]González‐Alonso, J., 2012. Human thermoregulation and the cardiovascular system. Experimental physiology, 97(3), pp.340-346. Available on: https://doi.org/10.1113/expphysiol.2011.058701 Accessed on: 3rd January 2023
González-Alonso, J., Mora-Rodríguez, R. and Coyle, E.F., 2000. Stroke volume during exercise: interaction of environment and hydration. American Journal of Physiology-Heart and Circulatory Physiology, 278(2), pp.H321-H330. Available on: Stroke volume during exercise: interaction of environment and hydration | American Journal of Physiology-Heart and Circulatory Physiology Accessed on: 19th January 2023
[bookmark: _Hlk125103978]González-Alonso, J., Teller, C., Andersen, S.L., Jensen, F.B., Hyldig, T. and Nielsen, B., 1999. Influence of body temperature on the development of fatigue during prolonged exercise in the heat. Journal of applied physiology, 86(3), pp.1032-1039. Available on: Influence of body temperature on the development of fatigue during prolonged exercise in the heat | Journal of Applied Physiology Accessed on: 19th January 2023
Gunnar, A.B., 1982. Psychophysical bases of perceived exertion. Medicine & science in sports & exercise, 14(5), pp.377-381. Available on: https://doi.org/10.1016/j.physbeh.2009.12.003. Accessed on: 3rd January 2023
Kuht, J. and Farmery, A.D., 2014. Body temperature and its regulation. Anaesthesia & Intensive Care Medicine, 15(6), pp.273-278. Available on: Body temperature and its regulation (sciencedirectassets.com) Accessed on: 10th January 2023
[bookmark: _Hlk125104902]Périard, J.D. and Racinais, S., 2015. Heat stress exacerbates the reduction in middle cerebral artery blood velocity during prolonged self‐paced exercise. Scandinavian Journal of Medicine & Science in Sports, 25, pp.135-144. Available on: Heat stress exacerbates the reduction in middle cerebral artery blood velocity during prolonged self‐paced exercise - Périard - 2015 - Scandinavian Journal of Medicine &amp; Science in Sports - Wiley Online Library Accessed on: 19th January 2023
Sawka, M.N. and Montain, S.J., 2000. Fluid and electrolyte supplementation for exercise heat stress. The American journal of clinical nutrition, 72(2), pp.564S-572S. Available on: https://doi.org/10.1093/ajcn/72.2.564S Accessed on: 19th January 2023
Sawka, M.N. and Young, A.J., 2006. Physiological systems and their responses to conditions of heat and cold. Army Research Inst Of Environmental Medicine Natick Ma Thermal and Mountain Medicine Division. Available on: Physiological Systems and Their Responses to Conditions of Heat and Cold (dtic.mil). Accessed on: 4th January 2023
Sawka, M.N., Cheuvront, S.N. and Kenefick, R.W., 2015. Hypohydration and human performance: impact of environment and physiological mechanisms. Sports Medicine, 45(1), pp.51-60. Available on: Hypohydration and Human Performance: Impact of Environment and Physiological Mechanisms | SpringerLink Accessed on: 20th January 2023
Sawka, M.N., Leon, L.R., Montain, S.J. and Sonna, L.A., 2011. Integrated physiological mechanisms of exercise performance, adaptation, and maladaptation to heat stress. Available on: Standard Form 298, Report Documentation Page, August 1998 (dtic.mil) Accessed on: 18th January 2023
Schlader, Z.J., Stannard, S.R. and Mündel, T., 2010. Human thermoregulatory behavior during rest and exercise—a prospective review. Physiology & behavior, 99(3), pp.269-275. Available on: 
Smith, D.L. and Fernhall, B., 2022. Advanced cardiovascular exercise physiology. Human Kinetics. (2), pp 4-11. Available on: Advanced Cardiovascular Exercise Physiology - Denise L. Smith, Bo Fernhall - Google Books Accessed on: 8th January 2023
Tansey, E.A. and Johnson, C.D., 2015. Recent advances in thermoregulation. Advances in physiology education. Available on: Recent advances in thermoregulation | Advances in Physiology Education Accessed on: 10th January 2023
Taylor, N.A., 2014. Human heat adaptation. Compr Physiol 4: 325–365. Avalable on :  https://doi.org/10.1002/cphy.c130022. Accessed on: 16th January 2023
Tyler, C.J., Reeve, T., Hodges, G.J. and Cheung, S.S., 2016. The effects of heat adaptation on physiology, perception and exercise performance in the heat: a meta-analysis. Sports Medicine, 46(11), pp.1699-1724. Available on: The Effects of Heat Adaptation on Physiology, Perception and Exercise Performance in the Heat: A Meta-Analysis (springer.com) Accessed on: 7th January 2023
Tyler, C.J., Reeve, T., Hodges, G.J. and Cheung, S.S., 2016. The effects of heat adaptation on physiology, perception and exercise performance in the heat: a meta-analysis. Sports Medicine, 46(11), pp.1699-1724. Available on: The Effects of Heat Adaptation on Physiology, Perception and Exercise Performance in the Heat: A Meta-Analysis | SpringerLink. Accessed on: 16th  January 2023
Weller, A.S., 2005. Body temperature and its regulation. Anaesthesia & Intensive Care Medicine, 6(6), pp.206-209. Available on: doi:10.1383/anes.6.6.206.65785 | Elsevier Enhanced Reader Accessed on: 10th January 2023
Wendt, D., Van Loon, L.J. and Marken Lichtenbelt, W.D., 2007. Thermoregulation during exercise in the heat. Sports medicine, 37(8), pp.669-682. Available on: Thermoregulation during Exercise in the Heat | SpringerLink Accessed on: 20th January 2023

Ambient VS Heat Heart Rate

Ambient	5.8620246786697709	5.8620246786697709	10	20	30	155.6	162.1	167.3	heat	7.1337227308047169	7.1337227308047169	10	20	30	166.3	174.6	180.5	Time 
(Minutes)


Heart Rate (bpm)




Ambient VS Heat 
Core Body Temperature

Ambient Mean	7.6	4.9000000000000004	2.2000000000000002	7.6	4.9000000000000004	2.2000000000000002	10	20	30	34	35.4	36.6	Heat Mean	7.9	5.2	2.5	7.9	5.2	2.5	10	20	30	34.799999999999997	36.4	37.700000000000003	Time (Minutes)


Core Temp (C) 




Ambient VS Heat RPE

Ambient Mean	1.4	1.8	2.6	1.4	1.8	2.6	10	20	30	11.3	13.4	14.7	Heat Mean	2.2999999999999998	2.2999999999999998	2.8	2.2999999999999998	2.2999999999999998	2.8	10	20	30	10.9	13.6	15.6	Time (Minutes)


RPE (Borg scale)




Ambient VS Heat
Weight Lost 


Ambient 	0.2	0.2	0.5	Heat 	0.5	0.5	0.8	environment 


Weight lost (kgs)




Ambient VS Heat Environment 

Ambient 	0.3	5	2.2000000000000002	3.5	0.2	0.3	5	2.2000000000000002	3.5	0.2	Core Temp (°C)	Heart Rate (bpm)	RPE (Borg Scale)	V02 (ml/min)	Weight Loss (Kg)	0.9	11.7	3.4	2.8	0.5	Heat	0.72	7.07	1.73	6.15	0.45	0.72	7.07	1.73	6.15	0.45	Core Temp (°C)	Heart Rate (bpm)	RPE (Borg Scale)	V02 (ml/min)	Weight Loss (Kg)	1.3	15.6	4.7	4.3	0.7	measures


Mean scores




Ambient VS Heat VO2

Ambient Mean	7.9	9	8.6	7.9	9	8.6	10	20	30	30.9	33.200000000000003	33.700000000000003	Heat Mean	9.5	8.4	9.1	9.5	8.4	9.1	10	20	30	32.4	32.9	37.6	Time (Minutes)


VO2 (ml/kg/min)




