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Case Study

[bookmark: _GoBack]Jonathan Brownlee, a 30-year-old British triathlete has competed in many Olympic and world series triathlons, winning the 2012 Triathlon World Champion, and achieving silver medals at the same event in 2013 and 2016. 
In 2016, at the age of 26, Jonathan took part in the ITU Triathlon World Series. The finals being held in September, in Cozumel, Mexico. The air temperature on the day of the race was 30+°C with a humidity of 89% (Cornwall, 2016). 
Within the last 400 yards of his race, Jonathan started showing signs of severe dehydration, leading to him collapsing over the finish line. He displayed neurological impairment, to the point of obvious disorientation, energy and electrolyte depletion, as well as being hyperthermic (Gerrard, 2020). Gerrard (2020) also states that although his recovery was uncomplicated, it was obvious that Jonathan was severely affected by prolonged exertion and environmental stressors. 
To help train for the triathlon Jonathan stated during an interview on ‘This Morning’ (2016) that he trained in the heat and used saunas after training to help acclimatise to the heat and said that this was the best he had ever been prepared for a hot race. Within the interview the Brownlee Brothers state that Jonathan went really pale and started to lose his gate, these were the first signs people noticed of him experiencing heat exhaustion and dehydration. Following his race, he was taken to hospital for medical care due to the severity of his dehydration (‘This Morning’, 2016). 
After collapsing at the finish line medical teams can be seen pouring water over his neck to attempt to reduce his core body temperature and he is given fluids to help rehydrate. Later at hospital he was given intravenous treatment to help him recover from the dehydration, the following day he made a full recovery. 


Hydration 

The human body is made up of approximately 45% to 75% water (Haff and Triplett, 2016) and this plays a vital role in organising blood volume, muscle contractions and body temperature control (Oral and Kavas, 2019). Haff and Triplett (2016) expand stating it also plays a role in waste product removal and transportation of nutrients. 
Oral and Kavas (2019) explain that air temperature, air humidity and exercise intensity, are all factors which affect the loss of body fluid. For the body to be able to maintain its functions, fluids must be consumed to prevent dehydration Oral and Kavas (2019). Orru et al. (2018) discuss that the amount of fluid needed to be consumed is individual and is dependent on the balance between intake and losses. Intake occurs through fluid and solid foods, such as vegetables and fruit. Loss of water occurs through urination, the skin, and respiratory surfaces (Orru et al., 2018).
Burke (2019) explains that during exercise athletes can counteract the effects of sweat loss by either consuming fluid during exercise, or by hyperhydrating before exercise, although he states that hyperhydrating is not so common. Orru et al. (2018) explain that water balance can affect exercise performance as well as strength and power. They recommend that to avoid minimised performance that athletes should be well hydrated before taking part in exercise, this ensures normal plasma osmolality levels. It is also recommended that athletes should drink before they become thirsty to avoid dehydration (Orru et al., 2018).
Loss of fluid, electrolytes and a reduction in the body’s carbohydrate stores are the major causes of fatigue when taking part in prolonged exercise (Khanna and Manna, 2004). 


Theory 

Body hydration can be measured using the gold standard test of bioelectrical impedance analysis (BIA) (Orru et al., 2018). BIA however is an expensive way of measuring hydration status (Orru et al., 2018). Burke (2019) explains that the simpler and most practical way to measure hydration status is by urine characteristics, changes in concentration can be monitored using a colour chart. 
Athletes often want to assess their fluid balance throughout an exercise session (Burke, 2019), this allows them to work out their sweat rate and therefore work out a hydration plan for training and competition. Burke (2019) explains that weighing an individual pre and post workout can give an individual their sweat loss measures. However, this is only reliable if the individual has not consumed any fluids between tests.
Exercise increases the rate of water loss due to the increase in metabolic heat production (Hoffman, 2014). The rate of sweat loss varies depending on the environment, clothing, and intensity of the exercise (Hoffman, 2014).
McCubbin and Costa (2018) state that optimal fluid and sodium replacement during endurance exercise will increase the rate of fluid absorption and gastrointestinal comfort, maintain total body water and plasma volume. 


Literature

Fluid ingestion during exercise helps to restore the body’s reduced carbohydrate stores, and replaces water lost from sweating (Khanna and Manna, 2004). Khanna and Manna (2004) expand by stating that carbohydrate supplements during exercise helps to maintain blood glucose levels, and therefore enhances endurance performance. In addition to this, electrolytes within sports drinks help maintain a balance and reduces the prolonged onset of fatigue Khanna and Manna (2004). 
Zart and Frohlich (2019) conducted a study in which 35 endurance training athletes were given either one of two isotonic drinks with different sugar contents, or a placebo. Athletes were given the same amount (250ml) of drink to consume at given points, and all drinks contained similar energy values (327.5-370). For the test, subjects ran different distances around a track, 5000m, 3000m, 1500m, 800m, 400m and 200m. Tests of body weight, blood lactate level and rating of perceived exertion was recorded before and after, whereas heart rate was monitored throughout each distance. The results found that the placebo group ran 4 and 18 seconds faster than both the isotonic drink groups over 5000m. The second isotonic group (ISO2) were 12 and 27 seconds faster than the ISO1 and placebo groups, respectively. There were no significant differences in perceived exertion or body weight between groups for any of the distances (Zart and Frohlich, 2019). This study shows that a placebo can be better for longer distance events and an isotonic drink is not always needed. However, these drinks were not compared to water and therefore it is not known what their true results are. 
A further study carried out by Brink-Elfegoun et al. (2014) investigated the effect of sports drinks to minimize the fatigue induced during tennis matches. The study involved eight male regionally ranked tennis players. Assessments of strength, speed, power and endurance was taken following two, two-hour tennis matches and on a rest day. The first match subjects were given an isotonic drink before, during and after the match, whereas the second match they were given a placebo of water. Results for the study found that there were no significant differences between the lower limb during all three test days. However, the upper limbs showed greater fatigue of the triceps brachii in the placebo than the other two interventions, with the sports drink having the least fatigue. This study also shows that there is not much difference between the sporting performances when consuming water and sports drinks.
Increases in performance were however found within a study by Khanna and Manna (2005). Sixteen male endurance athletes took part in a study to investigate the effects of carbohydrate-electrolyte drinks on sports performance. After VO2max testing, participants all took part in two different phases, each involved a run at 70% effort of VO2max. The first phase involved no supplementation, whereas, the second phase involved a 5g carbohydrate-electrolyte drink during exercise and a 12.5g carbohydrate-electrolyte drink during recovery. Several measures were observed to investigate the effects on performance. Following supplements, significant improvements were observed in performance time, heart rate and blood lactate. 

	Author (s) and Date
	Participants
	Study Design
	Intervention
	Outcomes Measured
	Outcome

	Zart and Frohlich (2019)
	35 endurance trained athletes (27 males, 8 females)
23.4 ± 3.1 years
	Randomised double-blind cross-sectional study
	5,000m, 3,000, 1,500m, 800m, 400m and 200m runs. During rest intervals isotonic drinks with different sugar and electrolyte concentrations were consumed. 
	Body weight, rate of perceived exertion, heart rate and blood lactate concentration. 
	Isotonic drinks are not always needed for longer distance running. 

	Brink- Elfegoun et al. (2014)
	Eight well-trained male tennis players.
26 ± 5.6 years
	Double blind, placebo-controlled, cross-over trial study
	Three two-hour tennis matches played on separate days.
Condition one: Sports drink consumed before, during and after
Condition two: identical volume of placebo water.

	Maximal isometric strength and fatigability, speed, power and agility. 
	Power: ↔ between all conditions
Speed: ↔ between all conditions
Agility: ↔ between all conditions
Strength: ↔ between all conditions
Fatigability: significant differences although did not state where

	Khanna and Manna (2005)
	Sixteen male endurance athletes
20-25 years
	Controlled trial
	Treadmill run at 70% of VO2max
Two phases - 
Phase one: No supplementation 
Phase two: 100ml of 5g carbohydrate-electrolyte drink at 15 mins to exhaustion and another 100ml of 12.5g carbohydrate-electrolyte drink after 5 minutes of recovery and at an interval of 5 mins to 20 mins.
	Performance time, heart rate during exercise and recovery, blood samples during exercise and recovery to analyse glucose and lactate levels. 
	Endurance time: significant differences were found, 94.1±17.7 minutes with supplements,
62.3±10.4 without supplements.
Blood glucose: significant differences between groups, 3.4±0.6mmol/l without supplementation, 2.1±0.4mmol/l with supplementation. 


Table 1: Summary Table of studies
↔: No statistical difference


Application

Athletes should start exercise in a hydrated state and should try to prevent any water weight loss of 2% or more, whilst also replacing electrolytes (Haff and Triplett, 2016). 
Haff and Triplett (2016) state that fluid and electrolyte guidelines should be specific to everyone based on their sweat rate. However, when athletes are not able to assess their sweat rate there are some guidelines which can be followed, although these are not accurate for everyone. 
Before Activity: If necessary, athletes should pre-hydrate a few hours before exercise to allow the fluids to be absorbed (Haff and Triplett, 2016). 
During Activity: Sports drinks containing 20-30 mEq of sodium per litre, 2-5 mEq of potassium per litre and 5-10% carbohydrates (Haff and Triplett, 2016).
After Activity: Haff and Triplett (2016) state that athletes should replace fluid and electrolytes after exercise, usually an athlete’s usual meals, snacks and water will be enough to replenish these. However, if the athlete has a limited amount of time before the next session, for example, tour de France, athletes are recommended to consume 1.5L of fluid for every kilogram of body weight loss (Haff and Triplett, 2016).


Contraindications

Oral and Kavas (2019) state that a reduction in body weight by 2-3% due to dehydration can cause reduced effects on performance. Haff and Triplett (2016) expand on this stating dehydration by this percentage can cause an increase in body temperature, increase fatigue and decrease strength, power muscular endurance, as well as motivation.
During exercise, athletes lose water and electrolytes (particularly sodium, chloride, and potassium) through sweating (Orru et al., 2018). Electrolytes are essential during physical activity. Sodium and potassium regulate the amount of body water, whereas chloride maintains the osmotic pressure and acid-base balance (Orru et al., 2018). Orru et al. (2018) expands that there is a potential link between salt loss and muscle cramps, therefore it is important that athletes identify id they are prone to cramps due to salt during exercise. Some athletes take salt supplements, or increase the salt in their diets, to try increase these low salt levels (Orru et al., 2018) However, increases in salt intake can cause increased blood pressure and cardiovascular risk (Orru et al., 2018).
Haff and Triplett (2016) state that sports drinks with a carbohydrate concentration of more than 8% can lead to a delay in gastric emptying, leading to stomach discomforts. Therefore, it is recommended that the carbohydrate concentration is kept below this. Following literature, the amount of fluids recommended to athletes during intense exercise, allows them to consume 150-250ml of fluid every 10-20 minutes (Haff and Triplett, 2016). 
Grumezescu and Holban (2019) state that a severe depletion of fluids during endurance exercise can cause a reduction in circulating blood volume, this increasing the risk of maximal cardiac output and limiting the blood flow to working muscles, skin and brain.


Summary

Hydration is an important factor for athletes to consider, with inadequate fluid replacement during exercise leading to dehydration and decreases in performance. It is not only essential to replace fluid but to also replace electrolytes during exercise as these play a vital role in maintaining or enhancing performance. However, previous research is contradicting into whether isotonic drinks to replace these electrolytes have any benefits to performance, this being an area for future research. It is recommended that athletes work out their sweat rates during exercise to be able to set up an individual hydration plan which suits them. 
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