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Abstract
Introduction: Sports and exercise differ in intensity, type, time and skill requirements and can be performed in different environmental conditions with limited re-hydration opportunities. Rate of dehydration has been identified to occur quicker when the human body is exposed to heat which exacerbates thermoregulatory and cardiorespiratory stressors and performance measure. 
Literature Review: Many physiological changes are known to occur during exercise which are exacerbated when exposed to heat or dehydration. Previous researchers have studied changes that occur in the cardiovascular and thermoregulatory systems during exercise, as well as the rate of perceived exertion and the rate of fatigue. Performance outcomes depend on these exercise-related physiological changes.
Method: Eight aerobically active participants cycled on a bike for 40 minutes on four separate occasions under different interventions. There were two tests completed at room temperature and two tests completed at 33C with one from each receiving hydration and one from each with no hydration. The hydration intervention consisted of 300ml of water given thirty minutes prior to the start of exercise and 300ml during exercise to see if hydration had physiological effects on the body and performance outcomes. Statistical package for social sciences was used for all statistical analysis within the study. Statistical significance will be approved at P < 0.05.                                                                                                 
Results: Data identified a difference among all variables that were placed in an ANOVA analysis table whereas post hoc analysis tables identified directly where the differences occurred. A significant difference was highlighted between one intervention and the remaining three between all variables excluding the rate of perceived exertion, sweat loss and blood pressure mean arterial pressure. Four positive correlations were identified in this study.                                       
Discussion:  Previous literature identified similar findings to this study, showing differences between the seven measured variables depending on environmental conditions and hydration status. Performance outcomes decreases as a result of heat exposure and dehydration.                                                                                                                        
Conclusion: To conclude, this current study was able to successfully highlight a significant difference in most of the variables between the four interventions. This clearly highlighted the effects of heat exposure and limited rehydration on the body. When both are present there is a greater detrimental effect on exercise physiological stressors and performance outcome than when one acts alone.
Introduction 
Sports and exercise differ in intensity, type, time and skill requirements and can be performed in different environmental conditions with limited re-hydration opportunities (Owen et al., 2013). The reality in sport is that sometimes it can be difficult to rehydrate, with most athletes only able to replace 50% of the fluid they have lost through sweating (Logan-Sprenger et al., 2015). This creates a significant fluid deficit within the human body that results in the physiological responses being amplified, in comparison to when an athlete drinks enough fluid to replace sweat loss (Logan-Sprenger et al., 2015; Krause and Rodrigues-Krause 2011; Burke 1997). Modest dehydration, as low as 1-2% of body mass from sweat loss (SL), has been demonstrated to compromise the physiological function during long periods of endurance-based exercise, compared to anaerobic exercise (Murray, 2007; Ichinose, 2014). This can impair performance that is usually exacerbated by greater fluid loss. Studies have found numerous exercise-related physiological and performance responses including; cardiovascular drift (CVdrift), increased heart rate (HR); core temperature (CT); blood pressure mean arterial pressure (Bp.MAP); reduced sweat rate; blood volume (BV) and heat dissipation (Maughan and Meyer 2013; Sawka et al., 2007).
Aldridge et al., (2005), concluded that an inadequate intake of fluids whilst exercising, results in HR and CT increase alongside changes in performance measures such as an increase in inefficiency and fatigue. This occurs when your body does not replace the fluid it has lost from exercising, BV decreases and becomes more concentrated (Ichinose, 2014), triggering the kidney to retain more water. When fluid deficiency occurs, , it hampers the body’s attempt at regulating the body’s CT as sweating and cutaneous vasodilation are both reduced (Brotherhood, 2007), causing the CT to rise. As the blood thickens, the cardiovascular system compensates for the BV decreasing with Bp.MAP rising slightly, causing the heart to beat faster resulting in the HR increasing. Rate of perceived exertion (RPE) has also been reported at a higher rate when dehydration occurs (Murray, 2007). With this understanding, poor hydration has been investigated amongst numerous sports and exercise settings through using various methods for altering hydration. 
Different climate conditions modify how the human body reacts to exercising, which widely affects performance (Gleeson et al., 2001; Tyka et al., 2007). Exercising in high ambient temperatures exacerbates thermoregulatory and cardiorespiratory stressors that require heat dissipation to maintain thermal equilibrium (Hargreaves et al., 1999; Moran et al., 1996; Werner, 1993; Nadel, 1988; Bell and Hales, 1985). Various mechanisms are employed by the human body to warm up or cool itself down. For example, the body is known to shiver to promote heat generation through skeletal muscle contraction (Manou-Stathopoulou et al., 2015), alongside constricting skin blood vessels. In contrast, when needing to cool down, the body promotes heat dissipation by evaporation through sweating and vasodilating skin blood vessels (Smith and Johnson, 2016), which excels in hotter environments.
When thermal conditions continue to rise, the human physiological response to physical activity declines (No and Kwak, 2016; Tucker et al., 2004), causing a decrease in performance. The increase in CT within these environments, results in premature fatigue and a decreased athletic performance (Al-Nawaiseh et al., 2013). When exercising in hot environments, the body’s CT rises, resulting in the body’s sweat rate increasing. When this occurs, the body is more prone to become dehydrated from a higher rate of SL (Brotherhood, 2007), creating a significant fluid deficit from the lack of fluid intake. This causes an increase in plasma tonicity and a decrease in BV, resulting in a reduction in heat loss, thus elevating CT during exercise which culminates in heat stress (McKinley et al., 2018). In hotter conditions, HR rises quicker when exercising, as the CT increases. In attempt to cool itself down, the body redirects the blood to the skin in order to lose heat (Racinais et al., 2015). This occurs when less blood arrives at the working muscles, causing the heart to pump more blood to meet the demand, therefore the HR increases. RPE is reported to be significantly higher when exposed to heat whilst exercising (Ament and Verkerke, 2009).

In thermal conditions, heat stress related illnesses become more prominent as the body cannot remove excess heat at an adequate rate (Mikawa and Hurtado, 2007). Thermal environments and metabolic heat production provoke independent physiological strains, with a risk of heat casualties, specifically, heat stroke. CT is driven by metabolic heat production (Balmain et al., 2018), whilst skin temperature is driven by thermal environments. As a result, the stressors that occur integrate to drive sweat rate (Brotherhood, 2007). The ability of CT control is dependent on adequate sweat production and the capacity of the environment to allow sweat to evaporate. ‘The nature of exercise heat stress is demonstrated by rational analysis of the physical heat exchanges between the body and the environment’ (Brotherhood, 2007).

When exercising, the physiological responses are dependent on many variables that establish the amount you sweat, and the rate at which dehydration may occur. Dehydration has been proved to exacerbate physiological responses to exercise (Dempsey, 2012), with studies suggesting that dehydration will cause greater physiological responses when exercising in heat compared with when hydrated at room temperatures (Balmain et al., 2018). Therefore, heat and dehydration have been shown to cause greater detrimental effects on performance of the human body than each acting alone (Cutsem et al., 2017; Ichinose, 2014).

Here, we attempt to design a study on hydration and heat within a timed-trial study to add to the existing evidence. The two-primary aims of this study are to determine whether or not hydration status and thermal conditions affect aerobic performance and the physiological effects on the body. 

Research Question: Performance outcomes and the physiological effects on the body with heat exposure and limited re-hydration opportunities.

Hypothesis: There will be a difference in the physiological effects on the body and the performance outcomes between all four interventions.

Literature Review 

If performance is affected ever so slightly that could be the difference between winning a gold medal or not placing on the podium (Edward and Noakes, 2009). A variety of factors effect performance with previous literature concluding hydration and heat are fundamental (Adam et al., 2018). Dehydration varies from mild, moderate and severe with a variety of study’s experimenting with these types of dehydration whilst exposing their participants to different temperatures. James et al., (2017) and Sawka (2015) have identified dehydration of 2% of body mass (BM) negatively influences aerobic performance. Whereas, Hamer (2018) and Bardis (2013) found 1% of BM can also affect performance with McDermott (2017) stressing the significant effect heat has on dehydration. The hotter the environment the more prone an athlete is to dehydration (Murray, 2007). Bardis (2013) study examined cycling performance when exposed to heat and dehydrated, concluding CT was greater when dehydrated and exposed to heat, which indicated a greater thermal load. Heat and dehydration place more stress on the athlete’s body and impairs the cardiovascular system (Hamer, 2018). Equilibrium within the athlete’s hydration status is crucial in maintaining optimal thermoregulation and cardiovascular function (McDermott, 2017). Evaporative heat loss from sweating is effective in cooling the body down (McDermott, 2017). Therefore, the body loses water frequently, resulting in the athlete’s probability to dehydration if the fluid is not adequately replaced, occurring quicker when exposed to heat. Glycogen depletion occurs quicker when dehydrated or exposed to heat with a cardiovascular/anaerobic model displaying a shift of metabolism from aerobic to anaerobic causing quicker fatigue (Ament and Verkerke, 2009). A variety of studies have identified RPE higher when dehydrated or in thermal conditions (Aldridge et al., 2005; Barr, 1999).

As exercise begins, the body responds with short-term changes in physiological functions such as HR increasing to meet the demands of the exercise (Romero et al., 2017). The cardiovascular system distributes energy and oxygen in the blood to the working muscles as the demands for these nutrients increase (Dempsey, 2012), whilst removing waste product lactic acid. Lactic acid is created from a breakdown of glucose (Mikawa and Hurtado, 2007), that is broken down into carbon dioxide (CO2) by the removal of lactate from the muscles to the liver which then converts it to CO2. The demands are detected by the medulla oblongata, located in the brain, which senses the increase of CO2 within the blood streams creating a response (Katsi et al., 2017). The medulla oblongata senses an increase of CO2 in the blood stream, which sends a signal to the Sinoatrial node (SA) which is located in the atrial wall of the heart near the entrance of the superior vena cava (Mikawa and Hurtado, 2007). The SA node is the primary pacemaker of the heart which initiates the regular contractions of the heart. Therefore, as the heart receives these electrical signals from the medulla oblangata quicker (Katsi et al., 2017), the heart contracts more frequently, which increases the HR. This is how the HR is increased during exercise as the demand for supply of oxygen and the removal of CO2 exceeds current HR’s abilities. 
Another important parameter of cardiovascular function is Cardiac output (Q) which is defined as ‘the amount of BV the heart pumps through the systemic circulation within a minute measured in litres per minute’ (Vincent, 2008). It is associated with the workload performed by the heart in response to the body’s oxygen demands. Within an ideal world, the blood supply to the tissues is balanced to the rate of oxygen consumption (Ichinose, 2014), allowing biochemical processes to proceed at the optimal speeds. If the blood supply is labelled slow then subprime perfusion causes cells to shift to anaerobic metabolic pathways from aerobic (Noakes and Gibson, 2004), resulting in a generation of lactic acid and other bioactive compounds. As a result, the HR will increase in attempt to raise Q to gain significant nourishment to the working muscles (Calbet and Joyner 2010). Oxygen delivery can be increased in two ways: through alterations of local blood flow and the adjustment of Q by HR and stroke volume (SV) working together to determine Q (Ichinose, 2014). As HR increases, the stroke volume decreases causing cardiovascular drift (CVdrift). This occurs due to the lack of venous return whilst the blood is pooling in the periphery around the body, in attempt to lose heat (Rowland et al., 2008). ‘SV is the volume of blood pumped out of the left ventricle of the heart during each systolic cardiac contraction’ (Bruss and Raja, 2019). HR varies over a wide range whereas SV changes slightly, therefore with these two combined, there is a greater control of blood output (Calbet and Joyner 2010), allowing for increase in the amount of blood that leaves the heart in one minute. Through this, the amount of nutrients and oxygenated blood that is pumped around the body in one-minute can be increased with simultaneous removal of waste products. 
HR, BP and BV are closely linked (Popkin et al., 2010). BP must be high enough to supply the body with required oxygen and nutrients (Matsukawa, 2011), but not too high to cause damage to blood vessels. BP is a measure of the pressure within the cardiovascular system during the pumping cycle of the heart (Murphy et al., 2011). The control of BP will be either short term or long term with a thirty-minute cycle predominantly falling in short term as our body attempts to maintain a stable BP in a process of homeostasis. The systolic pressure will increase during exercise as a short-term response to a stronger contraction of the heart (Matsukawa, 2011), which contracts more forcefully. Therefore, a greater volume of blood is sent around through the cardiovascular system causing the pressure to naturally increase. Changes in BP are detected by the baroreceptors that are Mechanosensitive nerve endings in the walls of the aortic arch and the carotid sinus, whilst being controlled by the central nervous system (CNS) (Eckberg and Sleight 1992). An increase in arterial pressure stretches the blood vessel walls, triggering the baroreceptors. These receptors feedback to the CNS (Katsi et al., 2017), which attempts to reduce cardiac contractility and HR by the efferent parasympathetic fibres (Vagus nerve) resulting in BP reducing. In contrast, a decrease in BP triggers a sympathetic response. Regulating BP long-term cannot be done by the Baroreceptors as the mechanism of triggering them resets itself as an adequate BP is restored. Whilst exercising, BP varies from multiple parameters including Q, BV and resistance (Bruss and Raja, 2019). Changes in blood viscosity (BVis) affect vascular resistance that will influence BP. Consequently, to maintain blood flow in the brain, BP must be well regulated in changing activity levels, hydration status and environments (Ichinose, 2014). When Q, BV and BVis increase or vasoconstriction of the blood vessels occurs, BP increases, however, if they decrease and vasodilation occurs, BP decreases (Matsukawa, 2011). Therefore, as vasodilation occurs during exercise, initially BP decreases, and the blood flow increases. This is a result of a decrease in systemic vascular resistance (SVR) and an increase in Q (Fadel and Raven, 2011). Over time as we continue to exercise Q continues to rise to meet the demands of O2 delivery to active muscles, where it overpowers the lowering of BP from vasodilation due to the amount of O2 needed, resulting in BP rising (Calbet et al., 2004). 
When exercising, heat production occurs from muscular activity being the main component of sports heat and a change in body heat content results in the CT changing (Brotherhood, 2007). For CT to be tolerable during exercise the metabolic heat load must display a homeostasis of the Thermoregulatory system with equal transfers of heat from the body to the environment (Balmain et al., 2018). Therefore, blood flow is redirected to the working muscles to supply oxygen, and for the skin to lose heat effectively. There are four main mechanisms for the body to cool itself down: evaporation, radiation, conduction and convection (Cheung, 2010), with evaporation as the main pathway for heat loss during sporting activities (Wilmore et al., 1999). Blood is diverted from less essential functions like the digestive system, causing vasoconstriction of the blood vessels to that area (Aleksander et al., 2010), with concurrent vasodilation of the blood vessels to the working muscles and to the skin. When exercising, stress is placed on the thermoregulatory system to maintain temperature. A short-term response must occur to enable this to happen, which includes hormonal and neuronal signals, that include binding of epinephrine and norepinephrine to the a1 receptor on vascular smooth muscles causing vasodilation or vasoconstriction (Exton, 1985). As an increase in temperature occurs, the thermoreceptors central and peripheral, can detect the change, signalling to the hypothalamus aspect of the brain (Peçanha et al., 2017). The hypothalamus controls the thermoregulation by signalling via the sympathetic nervous system (SNS). The signals are sent to the peripheries resulting in the blood vessels to vasodilate near the skin where the heat is lost (Peçanha et al., 2017).

This occurs through the large number of glands beneath the surface of the skin (Cheung, 2010), which are placed all over the body, to secrete moisture. An endothermic reaction occurs as the body attempts to cool the blood that is situated beneath the skin (Tansey and Johnson, 2015), to allow the body to sweat through evaporation. However, there may still be complications that prevent adequate evaporation, such as heat dissipation when humidity levels are high and a decrease in BV, causing a reduction in heat dissipation as the body is unable to transfer enough heat to the environment. This limits sweat evaporation whilst causing CT to rise (Guyton, 1976). If skin temperature is greater than the ambient temperature where exercise is taking place (Guyton, 1976), the body can lose heat. In contrast, if the ambient temperature is higher than the skin temperature, the body will gain heat and the body’s ability to sweat and lose heat can be severely compromised. As the body sweats it is crucial that SL is replenished through fluid intake to prevent further psychological and physiological impairment from occurring (McDermott et al., 2017). The rate of SL differs between sports, with sweating occurring as a response to an increase in CT and an attempt to cool the body down. 

Water plays a vital role in maintaining many physiological functions with the body’s water being two-thirds intracellular and one-third extracellular (Thornton, 2009). Fluid within the cells is known as intracellular fluid (Popkin, 2010), whilst fluid outside the cell known as extracellular fluid. The body is designed to maintain euvolemia through a complex system (McDermott et al., 2017), with water absorbed through the gastrointestinal tract. When exercising with limited re-hydration opportunities, plasma osmolality increases (McKinley et al., 2018). To create a water homeostasis the primary control is through osmoreceptors in the brain which stimulates the thirst centre in the hypothalamus (Murray, 2007), triggering the desire to drink water. When this happens Anti diuretic hormone (ADH), also referred to as vasopressin is released by the pituitary gland (Bichet, 2019). The kidney must be informed to minimise water loss through urinating or sweating (McKinley et al., 2018), to attempt to prevent dehydration. ADH is released to balance the amount of water in blood (Bichet, 2019). The kidneys stimulate the release of renin the enzyme to produce angiotensin II (AngII) as the progression towards dehydration occurs, with both ADH and AngII known to be vasoactive hormones (Bichet, 2019) that may cause blood vessels to contract. This can result in an increase in BP as peripheral vascular resistance increases (Maughan and Meyer, 2013), with HR increasing to meet Q and the demands on the body. Prior to dehydration occurring, water is held by the kidneys to prevent severe dehydration resulting in heat exchange from the skin to the environment being reduced (Burke, 1997). This causes a reduction in heat loss which means CT will elevate.

Due to current research appearing as inconclusive regarding fatigue, further research is required. Several researchers claim that certain forms of exercise, effort, time, hydration status and environmental conditions have a crucial role regarding fatigue (Racinais et al., 2015). Muscular fatigue is considered as a ‘decreased ability to generate appropriate amounts of muscle force or power during on-going contractile activity. Muscle fatigue may vary according to the cause or underlying mechanisms, with variable rates of recovery’ (Finsterer, 2012). Researchers are debating different ways they believe peripheral fatigue can occur due to hypoglycaemia and glycogen depletion (Parkin et al., 2018) and an accumulation of lactate and hydrogen (H+) ions (Ament and Verkerke, 2009), including the cardiovascular/anaerobic model. When exercising the body must accumulate energy from; Adenosine triphosphate and phosphocreatine (ATP-PCr), Glycolytic and aerobic system (Ament and Verkerke, 2009). For these energy systems to work the athlete must consume the fuel from proteins, fats and carbohydrates (Fink and Mikesky, 2015), with carbohydrates as the main fuel that is utilised by the aerobic system. Peripheral fatigue can occur within prolonged, submaximal effort through hypoglycaemia and glycogen depletion (Cutsem et al., 2017).

An accumulation of lactate can influence peripheral fatigue, which occur more when dehydrated and exposed to heat (Ament and Verkerke, 2009). If lactate levels continue to rise, this means the body is clearing lactate at a lower rate, resulting in the pH levels becoming more acidic reducing muscular function (Lamb et al., 1994). As the rise in lactate continues, H increases too, which reduces Phosphofructokinase activity and isometric contraction force (Lamb et al., 1994). As a result, muscle contractility disturbance occurs, as calcium is unable to bind with troponin causing glycolysis to be inhibited (Ament and Verkerke, 2009), alongside a decreased period of filament attachment (Potma et al., 1994). The most popular model to explain why fatigue develops is the cardiovascular/anaerobic model. This model indicates that fatigue occurs as a ‘direct consequence of failure’ (Edward and Noakes, 2009), regarding nutrients and oxygen delivery to the working muscles resulting in limited performance outcome. This physiological model considers dehydration and believes it contributes to the process of fatigue (Edward and Noakes, 2009), by increasing BVis, thus diminishing heat dissipation. HR also increases inhibiting blood flow as it falls behind the demands, causing a shift in exercise from aerobic to anaerobic metabolism. Increased blood lactate and hydrogen ions hinder muscle contraction and relaxation inducing fatigue (Costill et al., 1973), as the body is unable to work for a long period of time anaerobically.
When exercising, athletes may feel a certain way therefore coaches and athletes decided to adopt the Borg (1982) RPE scale to assist athletes psychologically, to see how hard they find this activity. The Borg scale begins at 6 (identified as no perceived exertion) and ends at 20 (identified as maximum exertion). When dehydration or heat are present, usually athletes identify the exercise more difficult (14+) than if they weren’t present (Ament and Verkerke, 2009). Furthermore, when athletes are exposed to both these factors their score on the Borg scale is usually higher (18+) (Ament and Verkerke, 2009).
When fluid is not replenished, BV is reduced as it is tightly regulated by matching water intake and water output (Vincent, 2008). An imbalance with more water output from sweating than water intake can affect BV which can further affect the increase of HR and BP (Vincent, 2008). ‘Normal BV is about equal to the amount of blood pumped from the heart each minute, and consequently, extensive exchange and mixing between the extracellular fluid and the plasma can be maintained’ (Young, 2010). If there is a reduction in the BV due to limited fluid intake this will result in a decrease in blood circulation. Therefore, BVis will increase due to this decrease in BV (Ichinose, 2014), resulting in it becoming more difficult for the blood to circulate around the body as more sodium is retained by the kidneys. This results in an increase in HR to maintain Q and the amount of oxygenated blood required to the working muscles to meet the demands of the exercise (Romero et al., 2017), and to ensure performance measures do not decrease.
As HR, Q and BVis increase, arterial pressure will rise too. However, when dehydration occurs and the release of Vasopressin by the pituitary gland happens, BP increases more due to potential vasoconstriction of the blood vessels to the working muscles may occur, to prevent severe dehydration (Bichet, 2019). That statement is bold, and some researchers identify this within their studies (Bichet, 2019; Katsi et al., 2017), with others disagreeing (Matsukawa, 2011; Calbet et al., 2004), and not identifying a conclusive finding. Dehydration has a detrimental effect for heat lost as heat dissipation is reduced and disrupts the body’s thermoregulatory system causing the CT to increase (Brotherhood, 2007). This is due to the amount of heat generated by the working muscles, being greater than heat loss through sweating and evaporation.
As these changes occur, the body’s metabolism shifts from aerobic to anaerobic quicker when dehydration occurs due to the additional stresses placed on the cardiovascular and thermoregulatory system (Edward and Noakes, 2009). When the body is exposed to heat without fluid intake opportunities, dehydration occurs quicker (Ichinose, 2014). This results in HR, Q, BP, BVis and Plasma Osmolality increasing and the shifts between the two metabolism pathways occurring at a quick rate. Therefore, glycogen depletion occurs quicker causing a decrease in performance (Cutsem et al., 2017). The accumulation of lactate and H+ occurs quicker when dehydration and heat is present (Ament & Verkerke, 2009), due to insufficient oxygen to the working muscles as the body is attempting to create an equilibrium in the thermoregulatory system as blood is delivered to the skin. Therefore, the accumulation rises with the ability to maintain the effort decreasing (Ichinose, 2014), which negatively affects performance.
Methodology 
Research design 
The study was a cased control study that required to cycle on a bike for 40 minutes. This was completed on four separate occasions under different interventions. All participants had three days in-between for rest and recovery to ensure the likelihood of participants being fatigued were slim. All four experiments were held at the same time of day on each of the four different occasions to avoid diurnal variations in body temperatures. There were two tests completed at room temperature and two tests completed at 33C with one from each requiring hydration and one from each with no hydration. Within both types of experiments there was a hydration experiment that consisted of 300ml of water thirty minutes prior to exercising and 300ml during the experiment to see if hydration had physiological effects on the body and the effects on performance and the distance each participant was able to travel. 

Participants 
The participant group consisted of twelve, volunteered, aerobic athletes from both genders that were no stranger to cycling and participate in aerobic sports The mean and standard deviation (MSD) was worked out for the following; age (22±3 years), height (174±9 CM), body mass (79±11 KG).All participants exercised aerobically (6±4 hours), and competed within one or more sports.more than or equal to two-hours-and-a-half a week to ensure all participants have some form of cardiovascular fitness. Every participant attended the university of Wales Trinity Saint David and compete within one or more aerobic sports.

Intervention and variables 
Within this study there were many interventions that consists of hydration and the environmental temperatures. Over a two-week period, the following data was collected to gather a clear understanding of the effects heat and hydration had on the body and performance and the seven variables. The interventions and variables within this study were identified in table (1)

	Interventions
	Variables

	Room temperature (No Hydration)
	Heart rate

	Room temperature (Hydration)
	RPE

	Hot temperature (No Hydration)
	Core temperature

	Hot temperature (Hydration)
	Distance (performance)

	
	Power percentage drop

	
	Sweat loss

	
	Blood pressure (Mean arterial pressure)

	Table (1): Identifying the interventions and variables in this study.





Health and Safety measures
All participants required a familiarisation session to familiarise themselves with the protocols, equipment and the understanding of what was required from them within this study. A PAR-Q form (appendix 1) and consent form (appendix 2) was obtained for this study, that was approved by university of Wales Trinity Saint David’s ethical committee. The participants were informed that despite signing a consent form they were able to drop out at any time if they feel like they did not wish to continue. Prior to each test all PARC-Q forms were checked of any changes to ensure the participants safety is priority

Thermoregulatory Safety measure
Thermal environments and metabolic heat production provoke independent physiological strains more, with a risk of heat casualties, specifically, heat stroke (Mikawa and Hurtado, 2007). Therefore, taking CT was also put in place to ensure all participants safety was a priority with individual’s temperatures not exceeding 39.5C as some health issues could occur. Participants were required to remain in the laboratory until their core body temperature becomes in the normative range 37.0C or just below (Tansey and Johnson, 2015). All participants had their own probe cover for hygiene and infection prevention reasons when CT was taken. BP and HR were monitored after the completion of each experiment and participants were only allowed to leave the laboratory after these returned to their pre-exercise values. 

Measures
Physiological parameters procedures 
Participants anthropometric were measured, with their weight being measured before and after. Participants weighed to measure individual sweat loss, as seen in other studies (Bardis et al., 2013). Height was measured by using a standard Seca stadiometer (Bardis et al., 2013).

Heart rate was measured by a polar heart rate monitor throughout (Bardis et al., 2013), with each participant placing it on the same spot (at the base of the sternum) for reliable and accurate results. The reasoning for this is to monitor participants heart rate through each 4 intervals (10, 20, 30 and 40 minute-mark) in all four tests to see if heart rate differed in different environmental conditions. 

Blood pressure was taken on the left arm before and at the completion of exercise in each case. Both systolic and diastolic pressures were noted in order to identify any differences between the four-time trials (TT) and whether hydration status and the thermoregulatory system had an effect on blood pressure.

A Braun’s thermometer was used to measure the participants core temperature throughout the four different tests to see if participants temperatures was affected by environmental and hydration conditions. 

Psychological parameters procedures 
The RPE scale (Borg, 1982) was used throughout the four different time trials. The level of perceived difficulty was noted every 10 minutes during the experiment. 

Performance 
The main performance parameter was the total distance achieved during each test. Prior to the commencement of exercise, the bike settings were agreed by the tester and the participant to ensure that they were able to maintain this resistance for the duration of the forty-minutes. 

Procedures
Exercise at elevated and room temperature with no hydration
Each participant’s height (standard Seca stadiometer) and weight (Tanita bioimpedance body composition analyser) were measured ensuring that the measurements were carried out with the subject bare foot and in minimal clothing. All participants were informed that food and fluids where forbidden during both sets of no hydration tests in both environments, whist trying to replicate their food status (e.g. similar diet), hydration status and no alcohol status. The rules were also applied to both sets of tests with no hydration status. Instructions were given to the participants to moist the inside of the chest strap of their Polar H7 Bluetooth HR monitor (Polar electro, LTD Warwick, UK) using the electrode gel provided. The HR monitor was placed on the skin at the base of the sternum. The Watt bike (Wattbike Ltd, Nottingham, UK), was set up the same each time when referring to the seat height, bar height and the resistance out of ten, with the participant performing each test on the same Watt bike. The humidity levels and ambient temperatures were recorded by the indoor weather station before any tests commenced. Each Watt bike was set up for three minutes repeated intervals with no recovery. Collectively, the intervals were completed fourteen times with thirteen intervals and one-minute testing with two-minutes recovery. Any participant registering a temperature of 39.5C was withdrawn from the experiment as a safety measure. Furthermore, all participants were free to stop at any time if they no longer wished to complete the test. Prior to each test commencing, core body temperature was recorded via the Infra-Red ear thermometer. All participants were given information of what’s required from them; cycling for forty-minutes at their own pace without seeing their distance travelled, cadence and revs per minute. After the participants understood the requirements of what’s needed, the tests then began when starting the timer. The blood pressure monitor (Omron M2 Intellisense automatic blood pressure monitor) was placed on the left arm of each participant with the same monitor being used for each watt bike. Participants CT was recorded at 5-minute intervals (5th, 10th, 15th, 20th, 25th, 30th, 35th and 40th minute). Participants described how they felt during the test by using the Borg RPE scale (Borg, 1982) immediately after each CT reading. All participants mean power, HR, distance travelled were recorded from the cycle ergometer every five minutes. At the 40th minute the test ended with the resistance taken off as the participants cooled down for two-minutes. Their weight was then measured again wearing identical clothing to the previous measurements prior to the forty-minute cycle. 

Exercise at elevated and Room temperature with hydration
All procedures were the same for all four tests despite different environmental temperatures and hydration status. Hydration was then included for one elevated temperature and one room temperature test. Thirty minutes prior to testing each participant was required to consume 300ml of water with an additional 100ml of water at the 10th,20th,30th minute in an attempt to mimic the fluid lost through sweat. Participants were instructed that after weighing and prior to the test commencing they were not allowed to use the restroom to urinate as it may affect the validity of the results.

Reliability and Validity 
During testing reliability and validity must be ensured to be able to find an accurate conclusive finding within the results. Therefore, certain rules and procedures were put in place to ensure maximal reliable and valid test results. 

Identification of data analysis methods to be used 
Statistical package for social sciences (SPSS) (version 20) was used for all statistical analysis within the study (Bardis et al., 2013). Data was presented as meanStandard deviation (SD) when referring to the seven variables (Rowland et al., 2008). Within SPSS, the data was analysed using repeated measures ANOVA with post-hoc analysis between four tests (Bardis et al., 2013; Rowland et al., 2008). The interventions of this study consisted of hydration levels and environmental conditions. There were also dependent variables that consisted of HR, BP, RPE, distance, CT, SL and intensity. Data collection was in a quantitative approach. Throughout the study, statistical significance will be approved at P<0.05 (Bardis et al., 2013).

Results 

Eight out of twelve participants with a mean age of (22±3) years, completed this study. The participants anthropometric displayed collectively as Mean± Standard Deviation (79±11 KG, Height 174±9 CM). The primary data was collected and calculated in SPSS by the repeated measures ANOVA analysis (table 2), whilst highlighting a difference somewhere within the data. A significant change was reported in HR, BP, CT, SL, power percentage drop (P%D), RPE and distance as a result of exercising within the four different interventions. All seven variables in table 2 identified a difference within the data. Therefore, when one of the variables identified in table 2 is compared with itself between the four  interventions a significant difference was identified somewhere in the ANOVA analysis table (2) where post hoc analysis identifies where exactly these difference occur (table 4, 6, 8, 10, 12, 14, 16). Within these tables a significant difference was identified less than or equivalent to <0.05.

	Table 2. Repeated measures ANOVA highlighting a difference within all variables identified.

	Variables
	F
	DF
	P (Sig.)

	Heart Rate (HR) (BPM)
	93.900
	3
	<0.01

	Blood Pressure Mean Arterial Pressure (BP MAP) (mmHg)
	33.248
	3
	<0.01

	Core Temperature (CT) (°C)
	249.668
	3
	<0.01

	Sweat Loss (SL)(kg)
	18.459
	3
	<0.01

	Power (%)
	19.380
	3
	<0.01

	Rate of Perceived Exertion (RPE)
	38.007
	3
	<0.01

	Distance (KM)
	21.785 
	3
	<0.01











Figure 1: Mean heart rate in all four different environmental interventions.

The mean values for heart rate between all four interventions collectively as a group were displayed in figure 1. Heart beats per minute (BPM) differed in all four interventions when placed under these control measures, this was presented in table 3, where the (MSD) and confidence interval (CI) are displayed.  RT-H displays the lowest mean HRSD of 1327 BPM when comparing to the others, with H-NH displaying the highest 1803 BPM. This identifies a 27% increase between HR’s lowest and highest MSD. When fluid was denied with no heat exposure there was a 11% increase in BPM between RT-H and RT-NH 1493. A further increase of 6% was displayed between RT-NH and H-H 15811. However, when the participants were exposed to heat and denied fluid intake (H-NH) there was a 12% increase in BPM than when the participants were exposed to heat alone (H-H). 
	Table 3:  Heart rate (BPM) characteristics including Mean  Standard Deviation and 95% Confidence interval

	Four different interventions

	Mean  Standard Deviation MSD of Blood pressure mean arterial pressure (mmHg) in different environmental interventions
	95% Confidence interval (CI)

	RT NH
	149  3
	147 – 151

	RT H
	132   7
	126 – 137

	H NH
	180  3
	177 – 183

	H H
	158 11
	150 – 167

	Note: (MSD) is BPM and a 95% Confidence interval (CI)




HR was highlighted within the ANOVA analysis displaying a significant difference when comparing the interventions (f(3)=93,900, p<0.01), where post hoc analysis (table 4) truly identify where these differences occur. As identified in the post hoc analysis (table 4) there was a 99% difference displayed between all environmental interventions excluding RT-NH and H-H as comparing these interventions identify a 98% difference.


	Table 4:  Post hoc analysis for HR (BPM) between all four interventions.

	
	RT-H
	H-NH
	H-H

	RT-NH
	 < .01*
	< .01*
	 .021*

	RT-H
	
	< .01*
	< .01*

	H-NH
	
	
	< .01*

	Note: * in this table indicates a significant finding among the results













Figure 2: Mean Bp.MAP in all four different environmental interventions.

Bp.MAP was calculated by BP taken before and after each TT with a calculation of percentage difference between both sets of data and find a mean value. The groups Bp.MAP was displayed in figure 2 for all four interventions. Bp.MAP’s M±SD and CI values are displayed in table 5, presented to a zero-decimal place. Within the findings of this table RT-H identifies the lowest M±SD of 1±2 mmHg followed by H-H (6±3 mmHg), identifying an 83% increase in Bp.MAP. A further 14% increase was shown from H-H to RT-NH (74) results. Another 36% increase was found between RT-NH and H-NH (114) results. The results show a total 91% increase when the body has fluid intake with no heat exposure (RT-H) in comparison to when participants were exposed to heat and denied fluid intake (H-NH).

	Table 5:  Blood pressure mean arterial pressure characteristics including Mean  Standard Deviation and 95% Confidence interval

	Four different interventions 
	Mean  Standard Deviation MSD of Blood pressure mean arterial pressure (mmHg) in the four interventions
	95% Confidence interval (CI)

	RT-NH
	7  4
	3 – 10

	RT-H
	1  2
	0 – 3

	H-NH
	11  4
	8 – 14

	H-H
	6  3
	3 – 9

	Note: (MSD) is mmHg and a 95% Confidence interval (CI)














Further results were concluded on Bp.MAP within the four interventions that was originally highlighted in ANOVA analysis in table 2 (f(3)=33.248, p<0.01), suggesting within the data there was a difference somewhere. The differences within the post hoc analysis was displayed in table 6 where true significance can be shown.  Within this table, there was a significant difference between Bp.MAP in RT-NH in comparison to RT-H (p .002) and H-NH (p .002), alongside RT-H when comparing to H-NH (p <.001) and H-H (p .002). There was also a significance between H-NH in addition to H-H (p .002). Despite this there was no difference between Bp.MAP in RT-NH and H-H (p .351).

	Table 6:  Post hoc analysis for Bp.MAP (mmHg) between four interventions.

	
	RT-H
	H-NH
	H-H

	RT-NH
	.002*
	.002*
	.351

	RT-H
	
	< .001*
	.002*

	H-NH
	
	
	.002*

	Note: * in this table indicates a significant finding among the results




Figure 3: Mean core temperature (°C) in all four different environmental interventions.

The participants group mean CT was displayed in figure 3 for all four interventions. CT was monitored closely as there was a safety measure in place to prevent serious heat related illnesses, whilst considering this there was still a significant different between CT, despite the values being so close. In addition to this, table 7 displays the M±SD and the CI to one decimal place with RT-H displaying the lowest CT 35.70.2°C, with H-NH displaying the highest 38.10.3°C. This difference displays an increase of 6% between CT’s lowest and highest MSD. When fluid was denied with no heat exposure there was a 1% increase in °C between RT-H and RT-NH 36.20.3°C. A further increase of 4% was displayed between RT-NH and H-H 37.80.3°C. When the participants were exposed to heat and denied fluid intake (H-NH) there was a 1% increase in °C than when the participants were exposed to heat alone (H-H).

	Table 7:  Core Temperature (°C) characteristics including Mean  Standard Deviation and 95% Confidence interval

	Four different interventions 
	Mean  Standard Deviation (MSD) of Core temperature (°C) in the four interventions
	95% Confidence interval (CI)

	RT-NH
	36.2  0.3 
	35.9 – 36.4

	RT-H
	35.7  0.2
	35.5 – 35.8

	H-NH
	38.1  0.3
	37.9 – 38.3

	H-H
	37.8  0.3
	37.6 – 38.0

	Note: (MSD) is °C and a 95% Confidence interval (CI)



A difference was highlighted somewhere within the data displayed in table 2 for CT (f(3)=249.668, P<0.01), where the post hoc analysis identifies the difference in table 8. In addition to the completion of the four different TT, a significance was shown between all intervention as shown in table 8. Identifying a 99% difference displayed between all interventions excluding H-NH and H-H as comparing these environments identify a 97% difference.

	Table 8:  Post hoc analysis for CT °C between all four environmental interventions.

	
	RT-H
	H-NH
	H-H

	RT-NH
	 .001*
	< .01*
	< .01*

	RT-H
	
	< .01*
	< .01*

	H-NH
	
	
	.029*

	Note: * in this table indicates a significant finding among the results
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Figure 4: Mean sweat loss in all four different environmental interventions.

The group’s mean values for SL was displayed in figure 4 between the four conditions. Whereas SL’s CI values and M±SD was displayed in table 9 to one decimal place As seen in table 9, RT-H displayed the lowest MSD for the rate of SL of (0.1 kg) followed by a 100% increase to RT-NH (.1.1). A further increase of 50% was displayed for H-H (.2.12) from RT-NH, however, no significance was found between these two interventions as displayed in table 10. Another 71% was found between H-H and H-NH (.7.4).

	Table 9: Sweat Loss characteristics including Mean  Standard Deviation and 95% Confidence interval

	Four different interventions 
	Mean  Standard Deviation (MSD) of Weight loss (KG) in the four interventions
	95% Confidence interval (CI)

	RT-NH
	[bookmark: OLE_LINK1].1  .1
	.5 – .2

	RT-H
	0  .1
	0 – .1

	H-NH
	.7  .4
	.4 – 1.0

	H-H
	.2 .12
	.1 – .3

	Note: (MSD) is KG and a 95% Confidence interval (CI)



SL results displays a significant difference between one or more interventions (f(3)=18.459, P<0.01), identified in the ANOVA analysis (table 2), where post hoc analysis (table 10) can true identify where the difference has occurred within SL. Within table 10, a significant difference can be identified between RT-NH and RT-H (p .006), H-NH (p .004). Findings also showed a significant difference between RT-H and H-NH (p .002) and H-H (p .005). Between both thermal environments (H-NH and H-H) a significance was found (p .006). Despite this there was no significance found between RT-NH and H-H (p .095).

	Table 10:  Post hoc analysis for SL (Kg) between all four interventions.

	
	RT-H
	H-NH
	H-H

	RT-NH
	.006*
	.004*
	.095

	RT-H
	
	.002*
	.005*

	H-NH
	
	
	.006*

	Note: * in this table indicates a significant finding among the results















Figure 5: Mean power percentage drop in all four different environmental interventions.

The mean P%D when comparing all four interventions was presented in figure 5. P%D’s M±SD and CI were calculated and presented in table 11 to a percentage. RT-H displayed the lowest M±SD for P%D of (6±4 %), with the highest being discovered at H-NH (27±11 %). This identified an 88% increase in the rate of fatigue from RT-H to H-NH. A 40% increase was identified between RT-H to RT-NH (10  3) with a further 17% increase to H-H (123).  When the participants were exposed to heat and denied fluid intake (H-NH) there was a 56% increase in BPM than when the participants were exposed to heat alone (H-H). 

	Table 11:  Power percentage drop characteristics including Mean  Standard Deviation and 95% Confidence interval

	Four different interventions 
	Mean  Standard Deviation (MSD) of power percentage drop (%) in the four interventions
	95% Confidence interval (CI)

	RT-NH
	10  3
	7 – 12

	RT-H
	6  4
	2 – 10

	H-NH
	27  11
	18 – 36

	H-H
	12  3
	9 – 14

	Note: (MSD) is a % and a 95% Confidence interval (CI)



The P%D variable also showed a significant difference within the ANOVA analysis (T2) (f(3)=19.380, P<0.01), where post hoc analysis could directly identify where the difference occurs displayed in table 12. Within this table, there was a significant difference between P%D in RT-NH in comparison to RT-H (p .005), H-NH (p .004) and H-H (p < .001). A significance was found between RT-H with H-NH (p < .001) and H-H (p < .001). There was also a significance between H-NH in addition to H-H (p .008). 

	Table 12:  Post hoc analysis for P%D between four interventions.

	
	RT-H
	H-NH
	H-H

	RT-NH
	.005*
	.004*
	.001*

	RT-H
	
	.001*
	.001*

	H-NH
	
	
	.008*

	Note: * in this table indicates a significant finding among the results



RPE was another dependent variable that appeared to show a difference within table 2 ANOVA analysis, (f(3)=38.007, P < 0.01) where post hoc analysis could identify the true significance (table 14). RPE mean values are presented in figure 6 for all four different interventions when comparing the same group.


Figure 6: Mean rate of perceived exertion in all four different environmental interventions.

M±SD and CI values are displayed in table 13 to a whole number. Within the findings of this table RT-NH and RT-H identifies the lowest M±SD of 14±1 followed by H-NH and H-H (171). This identified an 18% increase between the room temperature and thermal environmental interventions. 

	Table 13:  Rate of perceived exertion characteristics including Mean  Standard Deviation and 95% Confidence interval

	Four different intervention   
	Mean  Standard Deviation (MSD) of RPE in the four 
interventions
	95% Confidence interval (CI)

	RT-NH
	14  1
	13 – 15

	RT-H
	14  1
	13 – 14

	H-NH
	17  1
	16 – 18

	H-H
	17 1
	16 – 18

	Note: MSD of RPE and a 95% Confidence interval (CI)



As seen in table 14, there is a significant difference between RPE in RT-NH with H-NH (p <.01) and H-H (p <.01). A difference was shown in RT-H with H-H (p <.01) and H-NH (p <.01). Despite this, there was no difference between RPE in RT-NH and RT-H (p .516) and H-NH with H-H (p .598) interventions.

	Table 14:  Post hoc analysis for RPE between all four interventions.

	
	RT-H
	H-NH
	H-H

	RT-NH
	.516
	< .01*
	< .01*

	RT-H
	
	< .01*
	< .01*

	H-NH
	
	
	.598

	Note: * in this table indicates a significant finding among the results




Figure 7: Mean distance travelled in all four different environmental interventions.

For the group’s mean values for distance travelled between the four intervention are displayed in Figure 7. Distance travelled differed in all four environmental conditions when placed under these control interventions, these were presented in table 15 to a two-decimal place, where the MSD and CI are displayed. H-NH displays the lowest mean distanceSD of 19.260.67 KM when comparing to the others, with RT-H displaying the highest 20.080.86 KM. This identifies a 4% increase between distances lowest and highest MSD. When fluid was denied with no heat exposure there was a 2% decrease in distance between RT-H and RT-NH 19.750.80. A further decrease of 1% was displayed between RT-NH and H-H 19.480.71. However, when the participants were exposed to heat and denied fluid intake (H-NH) there was a 1% decrease in distance than when the participants were exposed to heat alone (H-H). 

	Table 15:  Distance Travelled (KM) characteristics including Mean  Standard Deviation and 95% Confidence interval

	Four different interventions 
	 Mean  Standard Deviation (MSD) of Blood arterial pressure in the four interventions
	95% Confidence interval (CI)

	RT-NH
	19.75  0.80
	19.08 – 20.42

	RT-H
	20.08  0.86
	19.35 – 20.80

	H-NH
	19.26  0.67
	18.70 – 19.81

	H-H
	19.48  0.71
	18.88 – 20.07

	Note: (MSD) is KM and CI is to 95% 



Further results were concluded on distance within the four interventions that were originally highlighted in ANOVA analysis in table, suggesting within the data there was a difference somewhere. The differences within the post hoc analysis was displayed in table 16 where true significance could be shown. Within this table, there was a significant difference between distance in RT-NH in comparison to RT-H (p .037), H-NH (p .002) and H-H (p .003). Comparing RT-H with H-NH (p <.001) and H-H (p .001) identified a significant difference. There was also a significance between H-NH in addition to H-H (p .048). 



	Table 16:  Post hoc analysis for distance (KM) between all four interventions.

	
	RT-H
	H-NH
	H-H

	RT-NH
	.037*
	.005*
	.003*

	RT-H
	
	.001*
	.001*

	H-NH
	
	
	.048*

	Note: * in this table indicates a significant finding among the results


	
Correlations
Within table 17, correlations are displayed between variable for RT NH. A positive correlation of HR was strongly significant with CT with the findings being displayed as (r(60) =.840, P =.009). P%D and SL were among other variables that displayed a correlation with P%D and SL displaying a positive correlation of; (r(6) =.728, P =.041). Among the participant of this study, between SL and Bp MAP a positive correlation was displayed, (r(6) =.740, P =.036). No significant findings of a relationship were found among the other variables in the RT-NH aspect of this study. Therefore, they were not placed within table 17.

	Table 17: Room Temperature (No Hydration) correlations

	
	
	CT
	SL
	BP MAP

	HR
	Pearson’s Coefficient
	.840
	
	

	
	Sig (2- tailed)
	.009
	
	

	
	Df (N – 2)
	6
	
	

	P
	Pearson’s Coefficient
	
	.728
	

	
	Sig (2- tailed)
	
	.041
	

	
	Df (N – 2)
	
	6
	

	SL
	Pearson’s Coefficient
	
	
	.740

	
	Sig (2- tailed)
	
	
	.036

	
	Df (N – 2)
	
	
	6



There was no table displaying correlations for RT-H results because no correlations were found in this study. Table 18 displays the correlation between variables under H-NH conditions. The findings indicate four strong relationships between HR and CT (r(6) =.840, P =.009), P%D and SL (r(6) =.875, P =.004), P%D and BpMAP (r(6) =.866, P =.005) and SL and BpMAP (r(6) =.875, P =.004). No significant findings of a relationship were found among the other variables in the H-NH aspect of this study. Therefore, they were not placed within table 18.

	Table 18: Heat Temperature (No Hydration) correlations

	
	
	CT
	SL
	BP MAP

	HR
	Pearson’s Coefficient
	.840
	
	

	
	Sig (2- tailed)
	.009
	
	

	
	Df (N – 2)
	6
	
	

	P
	Pearson’s Coefficient
	
	.875
	.866

	
	Sig (2- tailed)
	
	.004
	.005

	
	Df (N – 2)
	
	6
	6

	SL
	Pearson’s Coefficient
	
	
	.875

	
	Sig (2- tailed)
	
	
	.004

	
	Df (N – 2)
	
	
	6



Within the H-H aspect of the study only one correlation was found between SL an BpMAP (r(6) =.765, P =.004). This result is displayed in table 19. No significant findings of a relationship were found among the other variables in the H-H aspect of this study. Therefore, they were not placed within table 19.

	Table 19: Heat Temperature (Hydration) correlations

	
	
	BP MAP

	SL
	Pearson’s Coefficient
	.765

	
	Sig (2- tailed)
	.027

	
	Df (N – 2)
	6



Discussion 

The findings within this study supports the original hypothesis that a difference would occur in the seven variables within the four interventions as a result of heat exposure and reduced hydration levels. A difference was found within all seven variables between the four interventions excluding RPE (RT-NH with RT-H and H-NH with H-H), Bp.MAP and SL (RT-NH with H-H). As discussed within the earlier aspects of this study, exercising increases the physiological stressors placed on the cardiovascular system (Murray, 2007).

A significant difference was found in HR with this study showing an increased HR when denied fluid intake with a greater risk of dehydration occurring were in line with Adam et al., (2018) study. The study highlighted the changes that occur within HR in a blinded cycling study. Adam et al., (2018) study included volunteered male cyclists (N=7), were required to cycle for two-hours in two different conditions (hydrated and dehydrated). When the participants in the dehydration conditions become dehydrated on average at 55 minutes a significant increase in HR occurred (p <.05). The last HR recorded between hydrated (144±10 BPM) and dehydrate conditions (153±13 BPM), showing the effects of fluid loss has on the HR. With this study identifying the same when allowed fluid intake (RT-H, 132±7 BPM) to when denied fluid intake (RT-NH, 149±3 BPM).

Further, a systematic review by Adam et al., (2014), included 245 articles were identified and concluded the effects of heat (>29.5°C). They found a significant difference within HR when exercising in thermal conditions than in lower optimal conditions (<26°C). Similar findings are identified in this study for (RT-H, HH, 158±11 BPM), however when the participants exposed to heat with no hydration HR increased further (H-NH, 180±3). The findings of HR increasing in thermal conditions were linked heavily to the increase levels of dehydration per 1% change in body mass loss. The study identified a correlation between Thermal conditions and HR increasing linking to the rate at which dehydration occurs. Gonzalez-Alonso et al., (1997) and Montain and Coyle (1992) highlighted this earlier by identifying a difference in HR whilst commencing aerobic exercise as dehydration markedly impairs HR more when placed in thermal conditions. 

A mutual understanding was formed from these studies that an increase in HR and BVis, with a decrease in BV and hydration levels occur due to an increase in SL. Therefore, HR compensate to maintain Q to meet the demands of oxygen delivery and CO2/lactate removal. Another finding was HR increases due to skin blood flow increasing in attempt to create a homeostasis in the thermoregulatory system and cool the body down. Despite correlations in those four studies, there was no correlation obtain within this study for HR and SL despite HR showing a significant difference between the four TT. The reason why the correlation did not occur within this study is unknown Despite this, there was a correlation formed between HR and CT suggesting HR must increase as CT does due to the skin blood flow demand increasing in attempt to cool itself down (Adam et al., 2018). 

Oxygen requirements plateau when exercising at a consent rate roughly after three minutes (Tankerley et al., 1991). However, according to previous research a slow and gradual increase of oxygen uptake is needed and it excels through hotter environments (Wingo, 2015; Tankerley et al., 1991). Active muscles are responsible for around 80% of cardiovascular drift hence why in hotter environment a bigger CVdrift occurs due to elevated muscle temperatures. Fitzche et al., (1999), created a study of 21-37-year-old men (n=7), that were required to cycle at 57% of their V02Max. The results were concluded highlighting a decrease in stroke volume meaning the HR would compromise and increase to maintain Q despite the resistance remaining the same it resulted in a positive correlation found for HR and CT. One reason why this wasn’t examined in this study was due to the participants exercising at their own pace and no work rate was decided at a percentage of their VO2Max.

Hamer, (2018), researched the effect of CT when exercising in thermal condition at different hydration levels. Within the literature of this current study the understanding was developed that within hotter environments CT appears higher than when in cooler temperatures (Brotherhood 2007). Furthermore, when dehydration occurs it becomes more difficult to sweat and for evaporation to occur, therefore CT increases more. Hamer, (2018), created a blinded hydration study within thermal conditions. Eleven cyclists were required to cycle 20-minutes at a steady state for three sets followed by a 5km race. The results showed the dehydration experiment had a higher CT (39.0±0.5°C), than the hydrated experiment (38.5±0.2°C) with a significant finding (P<0.05). Similar findings were highlighted within this current study H-H (37.8±03°C), H-NH (38.1±0.3°C), with a significance of (p .029). Researchers acknowledged CT being higher when dehydrated POSSIBLY due to a decrease in BVis that inhibits heat dissipation reducing in heat transfer from the body to the environment. Adam et al.,’s study (2017), researched the effects of different hydration status in different climates; hydrated and hot (HH) 39.0±0.5°C; dehydrated and Hot (DH) 39.0±0.5°C; hydrated and average temperature (HA) 39.0±0.5°C; dehydrated and average temperature (DA) 39.0±0.5°C). The participants (n = 12) results identified a significance P <0.001 between all four tests for CT, developing an understanding that when exposed to heat and dehydration CT is much greater than if one acted alone.

As heat is being generated by the working muscles causing CT to rise a homeostasis in the  thermoregulatory system is required to cool the body through sweating (Balmai et al., 2018) As CT elevated, SL did not follow with the results highlighting no correlation between the both despite in the 20th century researchers suggesting a relationship (Guyton et al., 1976). Possible reasons to why this did not happen within this study is unknown, however, an assumption can be formed with a possibility of participants hydration status varying from TT to TT, further effecting the rate at which heat dissipation occurs. Despite no correlations within this study, there was still significant differences between SL in all four TT.
Within Marshall (2019) study, SL and CT was higher in the thermal conditions when comparing to a cooler condition. The participants (n= 24) were tested in 33°C and 20°C whilst cycling. The results showed a significant difference for SL, CT and skin temperature (p <0.001) between both temperatures concluding in thermal conditions SL is significantly higher Buono and Wall (2000), studied the effects of hydration and different thermal conditions on a variety of different variables including SL and found similar results to Marshall (2019), however, they weren’t identical findings. This study consisted of four different cycling tests in hydrated and hot (HH), Dehydrated and Hot (DH), Hydrated and average temperature (HA), Dehydrated and average temperature (DA). The findings of this study showed a significant difference between all four tests (p<0.05). However, HH showed the greater SL average (791 g·m–2·h–1) followed by D-H (580 g·m–2·h–1), then HA (422 g·m–2·h–1) and lastly DH (149 g·m–2·h–1). The study highlighted that on average the participants were more hydrated entering the HH test possibility to why a greater SL was found. The study found correlations between SL with CT and SL with HR. Similar finding were identified in this study where a significant difference was found between all environments excluding H-H and RT-NH (p <.01), the reason for this could be due to the participants being able to replace the fluid lost in H-H test when compared to RT-NH. The findings showed similarities regarding hotter conditions resulting in greater SL when compared to cooler conditions. However, in this present study a greater SL was found in H-NH (38.1±0.3 Kg). This is possibly due to similar fluid balance between the TT allowing for greater SL to occur in H-NH than the other three TT or due to hotter conditions and limited re-hydration opportunities. (Hamer et al, 2018). Many studies identified a correlation between SL, CT and HR (Funnel 2018; Tucker et al., 2006), however, they weren’t found in this study. There were correlations found between SL, Bp.MAP and fatigue.
Understandingly, Bp.MAP can vary by a variety of factors (Popkin et al., 2010). An understanding with Bp has been formed identify as BV decreases, BVis and Q increase alongside vasoconstriction of the blood vessels Bp increase (Matsukawa, 2011). However, when we exercise vasodilation occurs and a redirection of blood flow to the skin occurs to attempt to create a homeostasis in the thermoregulatory system (Smith and Johnson, 2016). Despite Q playing a massive role in Bp there was no correlation between Bp and HR increasing, that further results in Q increasing.

A relationship was found between Bp and SL. This is possibly due to BV decreasing and BVis and Plasma osmolality increasing and possibly including the release of Vasopressin/ADH when too much body fluid has been lost causing vasoconstriction occurring to prevent more fluid loss through sweating or urinating (McKinlay et al., 2018). This hormone, BVis and plasma osmolality was not monitored thoroughly within this study, yet many studies have identified this in theirs highlighting a possible relationship between SL and Bp.MAP through hormone release (Bichet, 2019; Stebbins et al., 1944). 

H-NH displayed a significant difference with the other remaining three environments and displayed a higher M +- SD (11±4 mmHg) to. The likely hood of a correlation between SL and Bp.MAP when denied fluid intake and exposed to heat is more likely displayed in hotter conditions with limited re-hydration opportunities (Stebbins et al., 1944). This alters the space inside the blood vessels being reduced, simultaneously blood flow is reduced. An increase in resistance occurs at the same time (Wingfield, 2018), this causes the likelihood of this occurring within the other environments are slimmer as dehydration was less likely to occur in the others when comparing to H-NH. A decrease in BV and an increase in BVis is more realistic in the reason for the positive correlations displayed in H-H (r(6) = .765, p= .027) and RT-NH (r(6) = .740, p= .036). Another study (Letcher et al., 1981), that has helped establish the relationship between Bp and BVis had 49 volunteers with the results showing an increase in SL causing BVis to increase Bp increases too. There is not much research done on Vasopressin release in cycling or in heat, with some highlighting the possibility yet not concluded with a significant amount of research or evidence.

Therefore, a study by Stebbins et al., (1994), examined the effect of dynamic exercise on the release of vasopressin in mini-swine’s (n=15) and factors that may affect this response. Vasopressin is named lysine vasopressin (LVP) in animals that is known to have similar response to human’s vasopressin for SL, BVis, plasma volume and osmolality when exercising on a treadmill. “LVP increased in a progressive manor similar to that of humans, ranging from 5.9+/-0.4 pg/ml before exercise to 30.1+/-4.5 pg/ml during maximal exercise” demonstrating patterns and correlations with certain variables such as BpMAP and SL (Stebbins et al., 1994). This suggested as SL increases a higher amount of Vasopressin is released causing Bp to increase. In the results it is evident that this may be the reason a positive correlation is found in H-NH for SL & Bp.MAP (r(6)=.875,p=.004).

As previously mentioned, a glycogen depletion and an accumulation of lactate and H+ during exercise is common especially when the body is exposed to heat or limited rehydration opportunities (Parkin et al., 2018), detrimental when occurs together.  This present study’s results support this theory as a significant difference was found between P%D between H-NH and the other three tests.  

Parkin et al., (1999), evaluated the rate of glycogen depletion through cycling in different temperatures 3ºC (CT), 20ºC (NT) and 40ºC (HT).  Eight endurance trained participants volunteered for the study, that found similar results to this study. HT condition was the least time spent cycling (30±3 minutes), followed by NT (60±11minutes) and lastly CT (85±8 minutes), this highlighted how quickly glycogen was depleted within hotter conditions showing quicker glycogen depletion. A bigger percentage drop in hotter conditions assuming from glycogen depletion and accumulation of lactate and H+ in H-NH (27±11). RT-H displayed the least P%D (6±4) where assumptions can be made suggesting this is through glycogen depletion.

Another possible reason for P%D being higher in H-NH (27±11), then H-H (12±3), RT-NH (10±3) and lastly RT-H (6±4), could be due to the cardiovascular/anaerobic model (Edwards and Noakes, 2009). A correlation must be formed between an increase in HR causes an increase in the rate of fatigue. Nevertheless, a correlation was not found between HR and P%D, yet there was between P%D and SL (RT-NH (r(6)= .728, p= .041); H-NH (r(6) =.875, p= .004) and P%D and Bp.MAP. An increase in BVis effecting heat dissipation from not re-hydrating the fluid lost, simultaneously HR increases as it falls behind the demands and must send more blood to the skin whilst maintain the same amount of blood to the working muscles causing the increase (Edwards and Noakes, 2009). Therefore, a correlation between P%D, SL, HR and Bp.MAP should have been highlighted in the results, however, it was not. Therefore, further research is still needed into the phenomena to identify a conclusive finding to why fatigue occurs (Cutsem et al., 2017). As the research suggests it could be because of a variety of reasons. The reason for a correlation between P%D, SL and Bp.MAP is uncertain without a link with HR and no current research has identified a reason why this may occur (Cutsem., 2017). Participants were not individualised within this study and results were looked at as a group, therefore there is a possibility for some participants experiencing an aerobic to anaerobic shift. However, this was not researched in the study.

When dehydration or heat is present usually athletes identify the exercise more difficult, therefore RPE scale is higher (Ament and Verkerke, 2009). To add to this, Aldridge et al., (2005) created a study on the effects of dehydration on RPE highlighting similar results to this present study. The study included aerobic male athletes (n=8) that play for a university rugby team. All participants were able to complete the two 30 min cycle ergometer tests comfortably under different hydration state in a random order. Test one consisted of a state of hydration comparing to test two where the participants were exposed to dehydration. The results showed a significant difference (p .04). Barr, (1999) established a significance between RPE when exposed to heat and dehydration highlighting a greater increase. Within this present study, a significant difference was established of RPE when exposed to dehydration H-NH when compared with RT-NH (p<.01). Furthermore, the participqnts were allowed fluid intake in H-H compared to RT-H (p<.01). There was no difference found between RT-NH with RT-H (p .516) and H-NH with H-H (p .598). Participants may have had better hydration levels when taking part in the H-H compared to RT-NH despite instructions to attempt to mimic their nutrition prior to testing days. Mental fatigue may also play a key role in to why there was no significance (Otani et al., 2017). However, that cannot be guaranteed as this was not researched in this present study.

Performance 
Despite the results showing a significant difference regarding distance travelled between all four interventions, the results were not able to identify a direct relationship between this variable and the other six. Despite strong research identifying hydration and heat and the effects it has on performance (Logan-Sprenger et al., 2013; Dantas et al., 2015), there has also been many research suggesting hydration and heat do not have an effect on performance at all (Akerman et al., 2016; Wall et al., 2013).
A recent study by Adam et al., (2018), highlighted the performance outcomes in a blinded cycling study that was highlighted earlier on in the discussion. The seven volunteered cyclists were also required to take part in a 5-km TT consisting of a hydrated and a dehydrated 5-km element. During the performance test, cycling speed was significantly higher in the hydrated TT (23.2 ± 1.5 kmIhj1), when compared with the dehydrated TT (22.3 ±1.8 kmIhj1). Similarly, cycling power output was significantly greater in the hydrated TT (295 ±29 Watts) compared with dehydrated TT (276 ± 29 W). This resulted in the cyclists completing the hydrated TT faster (12.9 ± 0.8 min) than the dehydrated TT (13.5 ± 1.0 min). All these displayed a significant difference (p<0.05) Interestingly, four out of seven subjects felt better in the dehydrated TT than the Hydrated TT identifying no correlation with performance with variables such as RPE, HR. Despite initially highlighting that dehydration effects cycling performance, which further effects the thermoregulatory and cardiovascular system independently of thirst. A correlation was not found between performance and these systems (Adam et al., 2018). Within this study there was a significant difference between performance outcomes when hydration and when not (H-NH and H-H, p .048; RT-NH and RT-H, p .037). There were also no correlations between distance and the seven other variables within this study. When performance included the effects of the environment No and Kwak, (2016) created a study researching the effects of different environmental conditions on physiological responses and endurance-based exercise capacity during maximal and submaximal exercises in healthy adults (n=9). The study identified time to exhaustion was a lot less during the hotter condition (35±1◦C) than the cooler conditions (22±1◦C), identifying a significant difference (p<0.05). A resemblance was identified within this study where a significance was found between similar hydration statuses in different environmental conditions (H-NH and RT-NH, p.005; H-H and RT-H, p<.001).
 Hamer (2018), created a study to determine whether mild hypohydration affect performance in trained cyclists (n=11) in different conditions when their hydration status was blinded by intra-venous infusions. A significant difference was found when the trained cyclists were slightly dehydrated when compared to when they weren’t. Therefore, distance travelled was less when dehydrated.  Similar results were found in this present study were participant travelled further when hydrated in cooler conditions (RT-H20.08±0.86), than in warmer dehydrated conditions (H-NH 19.26±0.6).
These three studies all had one thing in common which was blinding their participants hydration status to prevent participants deliberately inhibiting results to allow the study to have a pre-determined outcome. A large amount of literature consistently showing the detrimental effects dehydration and heat has on exercise performance (Sawka et al., 2015; Chevront and Kenefick 2014; Bardis et ali., 2013). However, the vast majority of these studies are confounded by the insufficiency of experimental blinding on hydration state. Many studies have used different blinding methods such as overnight fluid restriction (Arnaoutis et al.,2017), diuretics (Gebruers et al., 1985), and intravenous fluid administration (Wall et al., 2015).  Whereas many methods have conducted studies in a nonblinding manner where participants knew their hydration status (Bardis et al., 2017; James et al., 2017). Despite most research supporting fluid restrictions and heat exposure impairing exercise performance (Cotter et al., 2014), further research has highlighted that knowing you are dehydrated and expecting a decline in performance could work as nocebo.  This may be a limitation within this current study as their performance was blinded not their hydration status therefore, they could have deliberately inhibited their results in attempt to help the researcher develop an outcome that supports the research question. Therefore, this may be the reason a correlation was not found between performance and the other six variables. The participants were not able to voluntarily inhibited HR, CT, SL, P%D, Bp.MAP however, there was a possibility they were not recording RPE accurately or deliberately cycling slower in the four interventions. Many participants may have been acclimatised to warmer environment from different types of training outside this study resulting in certain physiological changes such as HR being lower possibly effecting certain potential correlations in this study (Iguchi et al., 2012). An increase in the number of participants could assist with more accurate results therefore identifying a conclusive finding. Despite a body of literature with this field further research could be done to examine the factors that influence these observations (Hamer, 2018). Dehydration was suggested to cause changes in intracellular hydrogen (H+) or phosphate (Pi) concentrations in the skeletal muscles which highlighted a possibility in effect performance, however this was not examined within this study. A study by Montain et al., (1998), researched this hypothesis from previous studies yet found no difference in H+ or Pi to explain the loss of muscular endurance that effects performance. Some proposed mechanisms have surfaced; however, the evidence is insufficient an inconclusive (Barley, 2016), indicating future research should be directed towards discovering the mechanisms involved. 

Conclusion 
To conclude, this current study was able to successfully highlight a significant difference in the majority of the variables between the four interventions. The majority of the literature highlights similar findings to this study with a few that disagreed with the effect heat and dehydration has on the body and performance outcomes. Nevertheless, it was evident when the participants exercised in H-NH intervention in this study there was a significant difference between that intervention and the other three for all seven variables. This clearly highlighted the effects of heat exposure and limited rehydration on the body. It was also found that when both occur at the same time there is a greater detrimental effect on exercise physiological stressors and performance outcome than when one acts alone. There was no significant difference in RPE between the room temperature interventions when comparing to the elevated temperature intervention possibly due other factors such as participants not replicating their own nutrition and sleep identically prior to each T-T. This is offered as a possibility; however, it was not properly researched nor highlighted within this study. SL and Bp.MAP exhibited no significant difference between H-H and RT-NH suggesting when exercising in the H-H intervention the participants adequately replace the fluid lost through sweating that also affects Bp.MAP as these two variables are closely related. Despite strong statistical significance of the measured variables, very few correlations were conclusively demonstrated in the present study. Further research is required to clarify why more correlations were not found despite the fact that existing literature has identified relationships between the majority of these variables.  In the present study, positive correlations were found between HR and CT, SL and Bp.MAP, SL and P%D, Bp.MAP and P%D with explanations offered in each case. The reason for a correlation between P%D, SL and Bp.MAP is uncertain without a link with HR and no current research has identified why this may occur and therefore a clear explanation cannot be offered here. Further research should examine the reasons why significance is not found between different environmental conditions and hydration status as the majority of studies have not identified a reason and more research is required to identify a conclusive finding. Some researchers have suggested blinding the participants’ hydration status is more likely to provide reliable results, yet the vast majority of studies do not blind the participants. Heat exposure and dehydration have been shown to affect the rate of fatigue significantly. However, the exact mechanism has not been identified with a majority of previous studies pointing to glycogen depletion or the cardiovascular/anaerobic model. This needs to be further clarified. 
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Appendices 
Appendix 1
PAR-Q

	Personal Details

	First Name
	

	Last Name
	

	Student Number
	

	Course
	

	Year
	



Please answer the following questions fully and truthfully as it may affect your safety whilst exercising.

· Do you smoke?								YES / NO
· Do you drink more than three days a week?					YES / NO
· Has a doctor told you that you have a heart condition AND must seek 
medical advice before participating in regular exercise?			YES / NO
· Do you feel a pain in your chest when you perform physical activity?		YES / NO 
· Have you ever had a chest pain when not doing physical activity?	             YES / NO
· Do you lose your balance due to dizziness or do you ever lose consciousness?    YES / NO
· Do you have a bone or joint condition that could be made worse through
 physical activity?								YES / NO
· Are you currently taking any medication for high blood pressure?		YES / NO
· Are you currently taking any medication for a heart problem?			YES / NO
· Do you take any other medications on a regular basis?			YES / NO	
· Have you had any recent surgery?						YES / NO
· Do you have any chronic health conditions such as asthma, diabetes?		YES / NO
· Women only: Are you pregnant or have you given birth in the last 6 months?	YES / NO
· Have you ever been admitted to hospital with any heat related illnesses?	YES / NO
· Have you ever been admitted to hospital with any dehydration problems?	YES / NO
· Have you had a fever / cold in the last 6 weeks? 				YES / NO
· Have you been on a strict diet that requires you to strip water or fat to
meet weight criteria in the last 6 weeks?					YES / NO

If you have answered YES to any of these then please give details below.
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

If you have answered YES to one or more of these questions, then it would be advisable to talk to your doctor before starting exercise.

Please comment below if you have any further information regarding your health, physical or otherwise, that has not been covered by the above questions (i.e. past or present injuries):
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Did you know that all these questions above can be worsened through			YES / NO
 hotter environmental conditions?

Signature:										Date:



Appendix 2
Consent Form

Purpose: This project needs to be carried out to see if different environments effects aerobic performance and to see if different hydration levels are required in hotter conditions when comparing to colder conditions.


Many things occur within the body within different environmental conditions. All participants will be required to cycle on a bike for a 40 minutes time trail. On the four different occasions, two within ambient one with hydration and one without. Within the hydration experiment, 300ml of water thirty minutes prior to exercising and 300ml during the experiment. 100ml at the 10th, 20th, and 30th minute. The experiment was then re-done in heat at 33C again one with hydration and one without. Within the hydration experiment, 300ml of water prior to exercising and 300ml during the experiment. Within all the tests different variables fell into different parameters labelled as; physiological, psychological and performance. Within the physiological parameter’s height is measured before while HR and body temperature will be measured throughout. Blood pressure will be measured before, twenty minutes in and after with the participants being weighed before and after for fluid loss. A psychological parameter is the rating of perceived exertion scale (RPE) (Borg, 1982). The performance parameters are distance travelled at the end and intensity throughout.  HR, RPE, temperature (Internal) and distanced will all be recorded throughout with temperature being recorded every 5 minutes from the 10-minutes mark.

Safety measures
It is also put in place to ensure all participants safety is a priority with individual’s temperatures not able to exceed 39.5C as some health issues will occur.

All heat illnesses can be dangerous and life threatening therefore all participant must wait 15 minute later to ensure that their temperature is at 38C or lower prior to leaving the laboratory. 




PLEASE READ THE PROCEDURE SHEET PRIOR TO TESTING





Declaration, terms & conditions

· I have read, understood and completed this questionnaire to the best of my knowledge and can confirm that the information I have provided is correct. 
· I understand that I am expected to participate in physical activity and exercise as this is a necessary element of this degree. This may include exercise to exhaustion and maximal efforts. 
· I am aware that participation in these activities involves the risk of injury. 
· I understand that there is a risk of dehydration and elevated core temperature with the cut off core/internal temperature being 39.5C 
· However, I am able to withdraw from this study at any point if I feel like I do not want to continue to be a participant in this study.
· I will not leave the laboratory until my temperature is 38C or below, as I understand it is a safety measure for this study.
· I agree to work within the guidelines of the laboratory and the parameters of any test protocol when presented in the laboratory.
· I understand that unacceptable or dangerous behaviour may result in my removal from the facilities. 
· I agree to inform a member of staff in the event of any change to either my proposal or medical details.

Signature:										Date:


Blood Pressure (mmHg) in the four interventions


RT (No hyd)	RT (Hyd)	Heat (No Hyd)	Heat (Hyd)	7	1	11	6	Different environmental interventions


BP MAP (mmHg)



Core temperature °C in the four  interventions


RT NH	RT H	H NH	H H	36.162500000000001	35.649999999999991	38.137499999999996	37.787500000000001	Different environmental interventions


degrees celsius°C 
 



Sweat loss (Kg)  in the four interventions


RT (No hyd)	RT (Hyd)	Heat (No Hyd)	Heat (Hyd)	0.125	3.7500000000000006E-2	0.67499999999999993	0.18750000000000003	Different environmental interventions 


Sweat loss (KG)



Power percentage drop % in the four  interventions


RT (No hyd)	RT (Hyd)	Heat (No Hyd)	Heat (Hyd)	10	6	27	12	Different environmental interventions 


Power percentage drop (%)



Rate of perceived exertion in the four  interventions

RT (No hyd)	RT (Hyd)	Heat (No Hyd)	Heat (Hyd)	13.875	13.625	17.25	17	Environmental interventions


Rate of perceived exertion scale



Distance (KM) in the four  interventions


RT (No hyd)	RT (Hyd)	Heat (No Hyd)	Heat (Hyd)	19.75	20.079999999999998	19.260000000000002	19.48	Different environmental interventions 



Distance travelled Km



Heart rate (BPM) in the four interventions

RT (No hyd)	RT (Hyd)	Heat (No Hyd)	Heat (Hyd)	148.875	131.75	180.125	158.375	Environmental interventions


Average Heart Rate (BPM)





1

image1.jpeg
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





