Lab Report

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

Introduction 

To maintain optimal physiological function, human core body temperature is controlled within a small range of 35-39°C. An equivalent rate of heat gain and heat loss maintains the core temperature under resting thermoneutral situations. When the rate of heat gain exceeds the rate of heat loss, the core temperature increases above the set point of 37°C, and in extreme conditions, it can reach dangerously high levels of 40°C (Baker and Kenney, 2007). The interaction of exercise and a hot environment therefore significantly impairs the regulation of core body temperature (Gleeson, 1998).
Heat exchange between the human body and the environment occurs through three distinct physical processes: thermal radiation, convection, and evaporation (Brotherhood, 2008). Radiation is the transfer of heat between two objects. Convection is the flow of heat between the body and moving air or body fluids. Lastly, evaporation is the process by which heat from the body is transferred to water (sweat) on the skin's surface (Baker and Kenney, 2007). As soon as it receives enough heat, it transforms into a gas known as water vapour, releasing heat from the body (Baker and Kenney, 2007). If not replaced, this fluid loss can lead to dehydration. During high-intensity exercise, heat stress accelerates the decline in stroke volume, cardiac output, muscle blood flow, and oxygen delivery, lowering maximal oxygen uptake (González-Alonso and Calbet, 2003). This is related to the concept of "cardiovascular drift" (CV drift), which occurs when the heart rate rises and the stroke volume decreases progressively over time during constant-rate, sustained, moderate-intensity exercise (50-75% maximum oxygen uptake) (VO2 max) (Wingo and Cureton, 2006).  

When exercising at a specific percentage of VO2max, endurance trained individuals will have a larger absolute workload than untrained individuals, resulting in more metabolic heat. This greater effort will also result in increased blood flow and sweat rate in aerobically trained individuals during exercise at a given percentage of VO2max compared to untrained individuals (Mora-Rodriguez, 2012). There is evidence to support this, with trained individuals sweating more than untrained individuals when exercising at 50%-80% of VO2max (Mora-Rodriguez, 2012). Another study indicated that exercising in the heat till exhaustion at 60% VO2 max increased heart rate significantly, reaching 96% to 100% of maximum heart rate in the trained group and 97% to 99% in the untrained group. The increase in heart rate during the 60% VO2max trail was substantially linked with the increase in temperature in this investigation (Periard, Caillaud and Thompson, 2012). To improve an individual's exercise capacity when exercising in the heat, frequent bouts of heat acclimation can enable changes that improve cardiovascular, thermoregulatory, metabolic, and perceptual processes during exercise (Chalmers et al., 2014). Pre-cooling and fluid ingestion may also be effective strategies to use to enhance exercise performance in the heat  (Hargreaves, 2008).

In addition to exercising in the heat, individuals also have to become used to exercising in the cold. Within cold conditions, the body may be unable to maintain its core body temperature, which may decrease progressively leading to hypothermia (Abnormally low body temperature) (Noakes, 2000). The sympathetic nervous system and the hypothalamic-pituitary-adrenal (HPA) axis are stimulated by the physiological changes caused by the human body to maintain core temperature when exposed to cold environments (LaVoy et al., 2011). Shivering thermogenesis and increased peripheral vasoconstriction are among the changes. Vasoconstriction assists in body temperature regulation by restricting blood flow to the skin, lowering skin temperature, and decreasing thermal gradients between the skin and the environment  (LaVoy et al., 2011). This also reduces blood supply to the underlying muscle and redistributes it to the core, resulting in greater stroke volume, cardiac output and increased metabolic thermogenesis  (Muza et al., 1987). Research also suggest that exercising in the cold, through the inhalation of cold air, produces an increase in heart rate and an increase of systolic blood pressure (Manou-Stathopoulo et al., 2015). 

Many studies have been conducted on the physiological adaptations of exercising in the cold on a variety of people. A study by Cernych et al., (2017) conducted a cycle ergometer test, performed in temperatures of 8°C. Participants in this study cycled at 60% of their VO2max for 1 hour, followed by an hour of recovery in the same setting, with heart rate, temperature, and shivering monitored every 5 minutes. They discovered no difference in core temperature or heart rate variations between men and women during the exercise, but women were reported to shiver more in the last 10 minutes of the recovery period. Another study looked at interval (8 x 1 min 90% VO2max) and constant cycling (45% VO2max) in both hot and cold environments in men and women. They found that the hot cycling tests had significantly greater heat gain, heart rate and rating of perceived exertion compared to the cold tests (Green et al., 2007). 
Therefore, to be able to add to the findings of other studies, the overall goal of this study is to evaluate heart rate, temperature, maximal oxygen uptake (VO2max), rating of perceived exertion, and weight loss when cycling at 60% of VO2max in a cold environment versus a hot environment.




Method 

Subjects 

This study included twelve university undergraduate students studying Sport and Exercise Science (N= 12, Mean (± SD) Age 29yrs (7.81): Height 174 cm (7.73): Weight 73.5kg (9.57). There were five female, and seven male students present. Each participant classified as a recreationally active person. Participants completed a Participant activity readiness questionnaire prior to data collection (PAR-Q). They were then told how to appropriately perform each exercise test, which was overseen by both a university-led lecturer and a laboratory practitioner.


Protocols

Pre-experimental testing - Maximal Oxygen Uptake (V02max)

Participants completed an incremental cycle ergometer test before the two main environmental tests to determine their V02max and Maximal Heart Rate in order to elicit 60% of their VO2 max.  This test was carried out on a Wattbike Atom x. (Wattbike, Nottingham, UK). Before beginning the test, each participant wrapped a Polar H7/10 heart rate chest strap (Polar Electro, Warwick, UK) across their chest and paired it with the Wattbike hub app via ‘settings.' Continuing on the Wattbike hub app, 'workouts' was chosen, followed by the 'Max Ramp Test.' The correct starting wattage and increment wattage were determined based on the ability of the participants. Since the goal of the test was for the subject to reach exhaustion between 8 and 15 minutes, the wattage was increased every minute. 

The participants cycled at their desired cadence and maintained this cadence throughout the test. Every minute, participants were asked to rate their perceived exertion using the Borg RPE scale, and their average heart rate and power were recorded. Every other minute, on minutes 2, 4, 6, 8, 10, and so forth, a 30-second sample of expired air was taken using the 100L Douglas Bag and a Hans Rudolph 2700 series large 2-way non-return breathable valve (Hanes Rudolph, Kansas, USA). During the last minute of the participant's maximum effort, a 30-second sample of expired air was taken. Once finished, the maximum heart rate and average power were recorded and the expired air was analysed for 02, C02 and Bag volume content using a Servomex miniHF 5200 Gas Analyser (Servomex, Bristol, UK).



Hot and Cold environmental laboratory tests. 

The 30-minute cycle ergometer test at 60% VO2max was performed in both hot and cold conditions. This test was carried out on a wattbike atom x. (Wattbike, Nottingham, UK). After each participant estimated their power at 60% VO2max, testing began. Both tests adhere to the same protocols, however they were carried out on two consecutive occasions. The hot environmental test was conducted in a 28-30°C room with a humidity of 69% at the University of Wales Trinity Saint David's sports lab. While the cold environmental test took place outside, with temperatures ranging from 7-8°C and a humidity of 68%. Prior to beginning the test, a data collecting sheet was required to be completed, on which the date, time, participant name, weight (kg), and height (cm) were noted. As well as environmental factors such as ambient temperature (°C), ambient air pressure (mmHg), and humidity (%). 

Before and after each test, participants were told to weigh themselves in minimal clothing using the Seca 875 weighing scale (Seca, Hamburg, Germany). The core body temperature of the participants was then measured using a Tympanic Thermometer and ear probes (Innovation Radiant, Taiwan). To begin the test, participants were required to wrap a Polar H7/10 heart rate chest strap on themselves, as seen in the previous test (Polar Electro, Warwick, UK). After the participants decided their resistance and cadence combination to elicit power at 60% VO2max, the wattbike app was set to 'just ride' at the predetermined effort level. Participants began cycling and throughout the test they were asked to press 'lap' on the wattbike app every 5 minutes.  In both tests, three expired air samples were collected using a 100L Douglas Bag and a Hans Rudolph 2700 series large 2-way non-return breathable valve (Hanes Rudolph, Kansas, USA). These were collected at the minutes of 9, 19, and 29. Participants' core body temperature, heart rate, and perceived exertion were taken after expired air samples were collected. All of the data gathered during the test were recorded on the data sheet, alongside minutes 10, 20, and 30. After the test, the expired air samples were evacuated following the same protocol and measurements as the previous test stated above. 

Data collection 

Data collection took place throughout each test, which is mentioned in both tests stated above. Once complete, all data was transferred onto a master spreadsheet which was located on an excel spreadsheet on the university of Wales Trinity Saint David’s Moodle page. Participants were able to work out their VO2 on minutes 10, 20 and 30 by typing in their data on the spreadsheet. 
Data analysis 

The data from this study was imported into Microsoft Excel (2018), where the findings of each environmental test were noted in a spreadsheet. Temperature change, heart rate, rating of perceived exertion, maximal oxygen uptake (VO2 max), and weight loss were the key variables analysed. All 12 subjects had these factors collected for both hot and cold environmental lab testing. After all of the data was loaded into Microsoft Excel, a comparison of each of these variables was imported into the SPSS software app (IBM SPSS statistics, 2019). SPSS was used to do Paired T-tests to calculate the p values of each data set in order to assess whether or not there was a statistically significant difference. 

Results 

Temperature 

The Paired T-test for hot vs. cold temperature showed that there was no statistically significant difference with a p-value of.007. Figure 1 below, however, demonstrates that the mean temperature increase in the hot environment was greater than that in the cold environment.


Figure 1: The mean and standard deviation of Temperature change in Hot vs Cold. 


Heart Rate

The Paired T-test for hot vs. cold Heart Rate revealed a statistically significant difference with a medium effect size and p-value of.005. Additionally, Figure 2 shows that the hot test resulted in a higher HR rise than the cold test.


Figure 2: The Mean and Standard Deviation of Heart Rate change in Hot vs Cold.








RPE

The Paired T-test for hot vs. cold RPE did not show a statistically significant difference with a large effect size and p-value of .011. Although, Figure 3 shows that RPE was higher in the hot test compared to the cold.


Figure 3: The Mean and Standard Deviation of RPE change in Hot vs Cold.

V02

With a p-value of.188, the Paired T-test for hot vs. cold VO2 showed no statistically significant difference. Once more, as shown in figure 4, VO2 was higher during the hot test than it was during the cold.



Figure 4: The Mean and Standard Deviation of VO2 change in Hot vs Cold.

Weight Loss

With a p-value of.007, the Pared T-test for hot vs. cold weight loss revealed no statistically significant difference. According to figure 5, the change in weight was greater in the hot test than the cold test.



Figure 5: The Mean and Standard Deviation of Weight loss change in Hot vs Cold. 

Discussion 

The purpose of this study was to compare cycling at 60% V02max in a cold and hot environment. The only measure that demonstrated a statistically significant difference was the change in heart rate, as stated in the results section. Furthermore, each of the five variables appeared to increase more in the hot environment compared to the cold.
These results are consistent with the findings of another study. Periard, Caillaud, and Thompson (2012) discovered that exercising in the heat till exhaustion at 60% VO2 max considerably raised heart rate, which was highly associated to temperature increase. Figures, 1 and 2 show that as the participants' heart rates grew during the heat test, so did their body temperatures. Again, this connects to the findings of Green et al., (2007), who discovered that interval cycling at 90% VO2 max and steady cycling at 45% VO2 max resulted in significantly higher heat gain, heart rate, and perceived exertion under hot testing conditions compared to cold testing conditions. 
The increase in temperature and heart rate could be due to thermoregulatory and cardiovascular responses. Increased core/skin temperature is recognised during prolonged exercise by central and peripheral thermoreceptors, which direct afferent sensory input to the hypothalamus, where a signal is detected. As a result, effector responses to remove heat are activated, such as sweating and an increase in skin blood flow (Wingo, 2015). When it comes to cardiovascular reactions during prolonged exercise, cardiac output increases as a function of metabolic energy demand, which happens when heart rate and stroke volume rise. Exercise lasting more than 15-20 minutes will cause an increase in heart rate and a reduction in stroke volume. This is often referred to as cardiovascular drift (Wingo, 2015). This is more noticeable when exercising in hot conditions, which may explain why heart rate increased more in the hot test compared to the cold test in this study. 

Additionally, during exercise, metabolic heat progressively increases; the extent to which core temperature rises is determined by the intensity of the exercise as well as the individual's anthropometric parameters. Taller, lighter people are known to lose heat faster than shorter, bulkier persons (Nimmo, 2004). This suggests that people with a greater body mass index are less vulnerable to heat loss. When exercising in a cold climate, this impact becomes more noticeable since the insulation provided by an individual's body fat becomes more significant as external temperatures fall (Nimmo, 2004). 
In the current study, the temperature in the cold environment stayed consistent during the test (7-8°C), hence the individual's temperature did not decrease significantly.

Too conclude, this lab report demonstrated that there was only a statistically significant difference in heart rate when comparing the cold and hot environmental testing. Figures 1,2,3,4, and 5 show that the hot environmental test causes larger increases in heart rate, temperature, V02, RPE, and weight loss compared to the cold. Therefore, this study's limitations are based on the small sample size and the results, which indicated various abnormalities due to inadequate data recording, which may have contributed to the other four factors not being statistically significantly different. This provides little room for discussion about the outcomes, making it difficult for the reader to understand the physiological processes that occurred. 
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Weight Loss Change Hot vs Cold
Mean and Standard Deviation

Mean	0.45	0.14000000000000001	0.45	0.14000000000000001	Hot Weight Loss Change 	Cold Weight Loss Change	0.68	0.3	


Temperature Change Hot vs Cold
Mean and Standard Deviation 

Mean 	0.72	1.02	0.72	1.02	Hot Temp change	Cold Temp change	1.27	0.45	


Heart Rate Change Hot vs Cold
Mean and Standard Deviation

Mean	6.99	7.08	6.99	7.08	Hot HR Change	Cold HR Change	15.8	5.25	


RPE Change Hot vs Cold
Mean and Standard Deviation

Mean	1.75	1.71	1.75	1.71	Hot RPE Change	Cold RPE Change	4.58	2.5	


VO2 Change Hot vs Cold
Mean and Standard Deviation

Mean	6.23	2.31	6.23	2.31	Hot VO2 Change	Cold VO2 Change	4.7300000000000004	1.85	


