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Advanced Physiology Assignment 2 
Heat vs cold lab 
Introduction: 
Thermoregulation:
Thermoregulation refers to the body's ability to maintain its core temperature within a narrow range despite changes in the external environment. This process involves a complex interplay of physiological mechanisms aimed at dissipating or conserving heat. This system balances heat dissipation and conservation to ensure optimal functioning during exercise and exposure to varying climatic conditions (Armstrong and Maresh, 2019). 
During exercise, the body generates heat as a byproduct of metabolic processes. This heat production increases muscular activity, resulting in higher core body temperatures. (Schlader et al., 2010) Simultaneously, environmental factors such as ambient temperature, humidity, and radiation influence the body's heat balance Exercise-induced heat production elevates core body temperature, primarily through increased metabolic activity in working muscles (Sawka et al., 2011). Concurrently, environmental factors such as temperature, humidity, and radiation influence the body's heat balance, posing challenges to maintaining thermal equilibrium (Sawka et al., 2015).
To regulate body temperature, the body employs various mechanisms. One key mechanism is vasodilation, where blood vessels near the skin's surface widen to increase blood flow, facilitating heat dissipation through radiation and convection. Conversely, vasoconstriction reduces blood flow to the skin, conserving heat in cold environments. (Johnson et al., 2010) Vasodilation and vasoconstriction are pivotal mechanisms in regulating body temperature. Vasodilation expands blood vessels near the skin's surface, enhancing blood flow for heat dissipation via radiation and convection. Conversely, vasoconstriction reduces blood flow to the skin, conserving heat in colder environments (Gagnon and Kenny, 2012).
The process of sweating plays a crucial role in thermoregulation. Eccrine sweat glands secrete fluid onto the skin, promoting evaporative cooling and heat dissipation. However, excessive sweating can lead to dehydration and electrolyte imbalances, adversely affecting performance and health (Sawka et al., 2015).
The hypothalamus, a key regulator of thermoregulation, integrates sensory inputs and orchestrates responses to maintain homeostasis. It orchestrates physiological reactions like shivering to generate heat and behavioral adjustments such as seeking shade or adjusting clothing layers to modulate temperature (Morrison and Nakamura, 2019).



Cardiovascular drift:
Cardiovascular drift is when your heart rate goes up and your stroke volume goes down during prolonged exercise, even if you keep the same pace. This happens because your body loses fluid, your core temperature rises, and your blood vessels expand, which affects how much blood your heart pumps with each beat.
cardiovascular drift manifests as a gradual increase in heart rate (HR) and decrease in stroke volume (SV), despite maintaining a constant workload. This drift is characterized by a decrease in cardiac output (CO), despite sustained oxygen consumption (VO2). Understanding the mechanisms underlying cardiovascular drift is paramount for optimizing endurance training and performance in athletes.
One significant contributor to cardiovascular drift is dehydration-induced plasma volume reduction (Mora-Rodriguez & Hamouti, 2012). Dehydration compromises venous return and SV, exacerbating the drift phenomenon. Additionally, increased core temperature during exercise stimulates sympathetic nervous system activity, leading to peripheral vasodilation and redistribution of blood flow to the skin (González-Alonso et al., 1999). This, in turn, reduces venous return and SV, further contributing to cardiovascular drift. Furthermore, alterations in arterial baroreflex sensitivity and shifts in body fluid compartments play a role in exacerbating drift during prolonged exercise (Trangmar et al., 2014).
Research has identified strategies to mitigate cardiovascular drift and enhance performance. Maintaining adequate hydration status through fluid intake during exercise attenuates plasma volume loss, thereby preserving SV and delaying the onset of cardiovascular drift (Mora-Rodriguez & Hamouti, 2012). Additionally, pre-cooling techniques, such as cold water immersion or cooling garments, can mitigate increases in core temperature, reducing sympathetic activation and ameliorating drift during exercise (González-Alonso et al., 1999).
In conclusion, cardiovascular drift during aerobic exercise is a multifaceted phenomenon influenced by various physiological mechanisms. Understanding cardiovascular drift and implementing appropriate interventions, such as hydration strategies and pre-cooling techniques, are essential for optimizing endurance performance and minimizing the negative effects associated with drift.
Purpose of the study:
The purpose of the study conducted in this lab report is to identify weather it is beneficial for performance to aerobically train in hot environments to gain an advantage in sport.
Method:
Preliminary measures:
Before conducting the experiment, preliminary measures had to be taken to ensure the safety of all participants, the participants completed the Vo2 max. VO2 max testing evaluates aerobic fitness by measuring the maximum oxygen consumption during intense exercise. (Myers et al.) states VO2 max represents the body's capacity to utilise oxygen efficiently. The test involves progressively increasing exercise intensity while measuring oxygen consumption with a gas analyser. Higher VO2 max values indicate better endurance and cardiovascular health. The VO2 max test on a watt bike involved incremental stages of exercise intensity. The resistance or workload on the bike was gradually increased at specific intervals, while the individual maintain a constant cadence. During the test, the individual's oxygen consumption (VO2) was measured using a gas analyser. This device analyses the concentration of oxygen and carbon dioxide in the air that the individual breathes in and out. From this, the rate of oxygen consumption was calculated. Simultaneously, the individual's heart rate was monitored throughout the test. This data was used to assess cardiovascular response to exercise and to estimate the individual's exercise intensity.
Equipment used:
The equipment used to conduct the experiment and collect the data is as follows; the stationary watt bikes used are the ‘Wattbike atom x’ (Wattbike, Nottingham, Uk) https://www.wattbike.com , to monitor heart rate a chest strap was used , ‘polar H7 or H10’ (Polar Electro, Warwick, UK) https://www.polar.com/uk-en. 
To collect the data air samples were taken every 10 minutes, the equipment used to take the air samples was; Douglas Bags ‘Douglas 100litre with 2100 series 3 way stop cock’ (Hans Rudolph, Kansas, USA) https://www.rudolphkc.com, Servomex Gas Analyser ‘Servomex miniHF 5200’ (Servomex, Bristol, UK) https://www.servomex.com/, Dry gas meter ‘Harvard DGM1’ (Harvard, Massachusetts, USA) https://www.harvardapparatus.co.uk, Calibration gas, ‘Cranlea 995/2619 (20% O2, 8% CO2)’ (Cranlea, Birmingham, UK) https://www.cranlea.co.uk, 
Extra equipment used to increase credibility of the tests is as follows; Mouth Piece ‘Hans Rudolph 2700 series large 2-way non-return breathable valve’ (Hans Rudolph, Kansas, USA) https://www.rudolphkc.com, Seca Weighing Scale ‘Seca 875’ (Seca, Hamburg, Germany) https://www.seca.com, Tympanic Thermometer ‘Innovation Radiant Th809’ (Innovation, Radiant, Taiwan) https://www.radiantek.com.
The tests:
13 participants took part, ranging in ages from 18 to 50, males and females. The participants did the tests in groups of 3 or 4. After calculating the participants Vo2 max, Before starting the test, the individuals properly warmed up to ensure accurate results. This involved a brief period of low-intensity cycling to increase heart rate and blood flow to the legs. In small groups, participants cycled at 60 percent of their individual VO2 max for 30 minutes, this time frame and percentage of VO2 max is ideal for the study, as it challenges participants aerobic capacity over 30 minutes. The data was collected on excel spreadsheets then input into spss (Morgan, G. et al.) 
Results:
Highlighted below are the main results and statistics from the 30 minute cycles, completed at 60% of the participants individual VO2 max scores.
Temperature:
The ‘hot’ environment reached a temperature of 32 degrees and 65% humidity compared to the ‘cold’ environment only reached 7 degrees and 50% humidity.
figure 1.
the data in figure 1 shows the average rise in body temperature of all the participants across the hot and cold settings, ranging from 37.3 to 38.5 in the hot and 35.8 to 36.2.  


figure 1 clearly shows that participants started with a higher temperature (37.3) in the heat compared to the cold (35.8)  

rate of perceived exertion:
figure 2
[image: ]figure 2 highlights the differences between the rate of perceived exertion between the hot and cold exercise labs. RPE stands for Rating of Perceived Exertion, a subjective measure used to gauge an individual's effort during physical activity. It typically involves a scale ranging from 6 to 20 or 0 to 10, where lower numbers represent minimal effort and higher numbers indicate maximal effort. RPE considers factors like heart rate, breathing rate, sweating, and overall sensations of fatigue or discomfort to assess perceived exertion levels.


Heart rate:

figure 3 

the graph in figure three highlights the differences in average heart rate across all three stages of both the hot and cold tests, the hot heart rates being; 164.1,172.4 and 178.9, compared to the cold tests heart rates; 153.8, 158.6 and finally 159, the differences between the two environments is most noticeable in this graph.

VO2 results:
Figure 4
the graph presented in figure four shows the average changes in VO2 results during both tests, the orange line representing VO2 in the hot and the blue line representing VO2 in the cold, as shown in the key at the bottom of the graph. 


sweat loss/ weight loss:
Figure five clearly shows the difference between the amount of sweat loss and change of weight between the beginning of both tests and the end of both tests, clearly shown in the bar graph below (figure 5).

Figure 5:











Table 1:
	 
	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


Table 1 shows if P= <0.05 there is a significant difference in data which indicates there is a significant effect in one environment over the other. Which indicates there are adaptations taking place which increases bodily function, Training in hotter environments can offer adaptive benefits compared to training in "normal" environments. Research by Périard et al. (2017) found that heat acclimatization can lead to improved cardiovascular function, increased sweat rate, and enhanced thermal tolerance, ultimately enhancing exercise performance in hot conditions.

Discussion: 
Reviewing the data from the body temperature (figure 1) and sweat loss (figure 5) there is a clear correlation between the two which indicates that in the hot test, the body had to work harder to regulate the participants body temperature by causing them to sweat more this correlates with the study conducted by (smith, et al.) that aimed to systematically review and analyse the relationship between sweating rate and body temperature during exercise in athletes. Concluded there was a significant positive correlation between sweating rate and body temperature during exercise in athletes. Figure 1 shows that at the end of the hot and cold tests, there is a difference in body temperature of 2.3 degrees.
Figure 2 and figure 3 both indicate that its much harder to work in the heat compared to the cold, the rate of RPE (figure 2) starts higher at 11.3 and raises to 15.8, compared to the cold that starts at 9.8 and raises to 11.8. figure 3 also mirrors this data, indicating that as heart rate increases RPE also increases, figure 3 shows heart rate significantly increased in the hot by 14.8 bpm compared to in the cold it only raised by 5.2 bpm. A study by (Jones, l et al.) aimed to explore how environmental temperature affects both RPE and heart rate response during exercise. Using a comparative study approach, participants engaged in exercise sessions in both hot and cold environments. Throughout these sessions, RPE and heart rate were continuously monitored, and data analysis was conducted to discern disparities between the two conditions. The findings revealed significantly elevated RPE levels in the hot environment, averaging at 11.3 compared to 9.8 in the cold. Additionally, participants exhibited a more pronounced increase in heart rate in the hot environment, with an average rise of 14.8 bpm compared to 5.2 bpm in the cold. These results underscore the greater physiological demands associated with exercising in hot conditions, emphasizing the challenges posed by elevated temperatures during physical activity. 
Figure four correlates with all the other graphs, highlighting that its much harder to exercise in the heat compared to cold/ mild conditions. As shown in figure four, after the 20 minute mark the data shows it gets considerably harder to regulate breathing shown by the increase in oxygen uptake. This further emphasises  that heat effects how hard the body has to work to sustain the same level of exercise. As shown in figure four, during the hot test, VO2 is at 33 at 20 minutes and raises to 36.8, a difference of 3.8 in comparison to the cold test which at 20 minutes was 32 and only raised to 33, only a difference of 1. This study yields very similar results evidence to the study written by (Garcia M. et al.)This study aimed to examine how environmental temperature affects oxygen uptake (VO2) and exercise performance. Participants underwent exercise tests in both hot and cold conditions, with VO2 monitored throughout. Results showed significantly higher VO2 levels in hot conditions, indicating greater oxygen demand to sustain exercise intensity. This suggests increased physiological strain in hot environments, emphasizing challenges in breathing regulation and maintaining performance. The study underscores the importance of considering environmental factors in exercise physiology, highlighting the greater demand for oxygen uptake during exercise in hotter temperatures.
Conclusion:
In conclusion, the comprehensive analysis of data from the study provides valuable insights into the effects of environmental temperature on various physiological parameters during exercise. The findings reveal that exercising in hot conditions imposes greater physiological demands on the body compared to cold or mild environments. Participants experienced higher body temperatures, increased rates of perceived exertion (RPE), elevated heart rates, and greater oxygen uptake (VO2) in hot conditions, indicating heightened physiological strain and difficulty in regulating breathing. These results align with previous research demonstrating the challenges associated with exercising in elevated temperatures. Notably, the study underscores the importance of considering environmental factors in exercise physiology and performance optimization.
Regarding the initial question of whether it is beneficial to aerobically train in hot environments to gain a performance advantage in sport, the findings suggest that while training in hot conditions may induce physiological adaptations, such as increased oxygen uptake, it also presents significant challenges and may not necessarily confer a substantial advantage in performance. Athletes and coaches should carefully consider the potential risks and benefits of training in different environmental conditions, taking into account individual fitness levels, hydration strategies, and performance goals. Further research exploring long-term adaptations and performance outcomes in hot environment training settings would provide additional insights into this question.
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Hot vs Cold temperature

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)


Temperature




Hot vs Cold heart rate

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)




VO2 Hot vs Cold

VO2 (C)	
10	20	30	31.6	32	33	VO2 (H)	
10	20	30	32	33	36.799999999999997	Time (m)


VO2 (ml/kg/min)




Sweat Loss Hot vs Cold

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