Environmental and nutritional strategies to mitigate fatigue during an ‘Ironman Hawaii’

Overview of the event 

The ironman was first developed in 1977 in Hawaii with the idea of combining the three toughest endurance races including the 2.4mile ‘Waikiki Rough water Swim’, the 112 mile ‘Around-O’ahu Bike Race’ and the 26.2 mile ‘Honolulu Marathon’ into one event the ‘Ironman Hawaii’ (Stiefel et al., 2013). The first ironman was held in 1978 in Honolulu, Hawaii, and was then relocated to Kailua-Kona, Hawaii, in 1981, and is now a world championship event (Stiefel et al., 2013). Every year, tens and thousands of athletes try to qualify in ironman qualifier races placed all around the world, to be able to qualify for the ‘Ironman Hawaii’. Within these events, participants are ranked as pro athletes or age group athletes (Knechtle et al., 2015).  The 'Ironman Hawaii' is one of the most difficult triathlons due to its long duration and challenging environmental race conditions (Lepers, 2008). The triathletes must swim 2.4 miles in the Pacific Ocean without wetsuits, with water temperatures of up to 26°C. The swim is followed by a non-drafting 112-mile cycle with a total climb of 1400m. The cycle is then followed by a 26.2-mile marathon in a tropical climate with temperatures of 25 - 30 °C, humidity of 70%, and crosswinds of up to 70km/h, making the bike and running performance more difficult (Stiefel et al., 2013). 

Physiological principles 

Energy systems and cardiopulmonary physiology are two basic physiological principles that can be utilised to an Ironman Triathlon. As a result, coaches and triathletes must be familiarized with them (Friel and Vance, 2013). Adenosine triphosphate (ATP) is the primary unit of energy in the human body. There are three energy-producing systems in total: Adenosine triphosphate-creatine phosphate (ATP-CP) energy system, this is immediate, Glycolysis, which is a short-term energy-producing system, and Oxidative phosphorylation, which is a long-term energy-producing system (Friel and Vance, 2013).  These three systems are comparable in the sense that they can all generate ATP; however, they differ in terms of how rapidly and how much ATP they can produce. To add to this, two of the energy systems, the immediate and short-term, are anaerobic, meaning they do not require oxygen to produce ATP. Long-term energy systems, on the other hand, are aerobic and rely on oxygen to produce energy (Friel and Vance, 2013).

The long-term energy-producing system is the dominant system in low-to-moderate-intensity, long-duration exercise. As a result, this energy system is the most dominant during a triathlon race, although it is not the only one used. Additionally, since triathlon events like the ironman rely significantly on the oxidative-phosphorylation energy system, it is important to understand the underlying principles of cardiopulmonary physiology. Cardiopulmonary refers to how the heart and lungs cooperate to ensure that blood carries oxygen and nutrients to the working skeletal muscles during exercise (Friel and Vance, 2013). Based on this, frequent endurance training can increase lung capacity, which enhances respiratory rate and tidal volume during exercise. As a result, there is an increase in maximal oxygen uptake (VO2max), which is defined as the maximum amount of oxygen that a human body is capable of absorbing and utilising to produce aerobic energy (Friel and Vance, 2013). 

According to field-based research, the average heart rate (HR) during the swimming stage of an ironman was higher than in the cycle and running stage. Well-trained ironman triathletes perform the cycle phase at 80-83% of their maximum heart rate (HRmax) and 55% of their peak power output (PPO), with laboratory simulation indicating an intensity of roughly 55% of VO2max (Bentley et al., 2008). This is connected to a positive pacing technique, in which exercise intensity and speed are highest at the start of an ironman and lowest near the end, whereby HR reductions of 6-7% have been seen throughout both the cycle and run stages of an ironman (O’toole, Douglas and Hiller, 1998). In addition, Laursen et al., (2005) found that the heart rate during the cycle phase and run phase are close to the first ventilatory threshold (VT1). Exercise intensity that is lower than VT1 may preserve carbohydrate (CHO), allowing exercise intensity to be maintained during the latter phases of an ironman (Bentley et al., 2008).

Fatigue 

The duration, intensity, and extreme environmental conditions of an ironman cause significant physiological stress on an individual. An individual’s ability to complete each phase at an optimal pace without becoming fatigued will impact their performance in the next sequence (Laursen and Rhodes, 2001). Fatigue is defined as a gradual decrease in the force or power producing capability of working skeletal muscles that is temporary and can be rectified by rest (Shei and Mickleborough, 2013). The causes of fatigue during exercise can be categorized into two fatigue models known as "peripheral" and "central" (Shei and Mickleborough, 2013). Peripheral fatigue is caused by biomechanical changes in the working muscle, which results in a reduced responsiveness to neural output (Allen, Lamb and Westerblad, 2008), whereas central fatigue results from the central nervous system's inability to activate skeletal muscle (Gandevia, 2001). 

There are several factors that might contribute to fatigue during an ironman triathlon. For example, an Ironman may last anywhere from 8 to 17 hours, depending on the individual. This long-duration moderate intensity event performed in a hot condition involves a number of physiological challenges, including energy balance and fluid and electrolyte homeostasis (Laursen and Rhodes, 2001). Caloric expenditure during an ironman can be between 8,500 and 11,500 kcal, with sweat rates up to 2 L/h in hot environments. Therefore, there are a number of strategies to follow in order to mitigate the factors relating to fatigue during the event, including heat acclimation/acclimatization, fluid intake, and nutritional components pre, during and post event (Laursen and Rhodes, 2001).


Heat acclimation 

Aerobic performance can be negatively impacted by a hot and humid climate. Core temperatures have been recorded to vary from 32.2°C to 40.5 °C during and after an Ironman triathlon. This increase in body temperature has a detrimental effect on performance and has been linked to fatigue-related reductions in speed (Laursen et al., 2006). Radiation, conduction, convection, and evaporation are the ways through which heat is transferred in the body. The evaporation of sweat, which may release 580 kcal per litre of sweat, is the most essential factor while exercising. As a result of high sweat rates, water is removed by the body and must be replaced at an appropriate rate (Laursen, 2011). 

A strategy used to improve performance is heat acclimation and/or acclimatization (Corbett et al., 2014). Heat acclimation involves repeated periods of heat exposure within artificial settings, whereas acclimatization is exposure to heat from natural environments (Périard et al., 2016). Similar physiological adaptations occur in both natural and artificially heated environments, such as an increase in VO2max (Lorenzo et al., 2010), and improvement in thermal comfort. These are achieved through the maintenance of fluid balance, increased sweating and blood flow response, lowered exercise metabolic rate, and thermal tolerance through heat shock response. These physiological changes all improve cardiovascular stability and exercise performance within a hot environment (Périard et al., 2016). Heat acclimation is achieved by repeatedly elevating body and skin temperature to a high level that produces high rates of sweating. This is most often achieved through an active approach by exercising in a hot and/or humid environment or in clothing which restricts heat loss. 

There are three common active techniques, the first is thermal clamping, in which a target core temperature is maintained; the second is exercising at a constant predetermined workload in a hot and/or humid environment; and the third is the self-regulated technique, where an individual selects their own work rate during exercise in the heat (Périard, Racinais, and Sawka, 2015). These common strategies have been classified as short term (<7 days), medium term (8-14 days), and long term (>14 days) (Garret, Rehrer and Patterson, 2011). Short-term heat acclimatisation procedures may be more convenient, particularly for athletes with demanding training schedules, versus medium-term protocols, which can improve athletic performance and increase physiological adaptations (Heathcote et al., 2018). Long-term protocols, on the other hand, will provide the highest adaptations (Tyler et al., 2016). In addition, research suggests that these types of protocols should be performed on consecutive days and should begin at least 2 weeks before the event (Heathcote et al., 2018). 

For individuals living in cool environments, the use of heat acclimatization using active strategies would require travelling to a hot outdoor environment and/or exercise in a hot chamber. These strategies may not be practical for most athletes, especially those training for an ‘Ironman Hawaii’ due to time constraints or lack of money. However, the use of passive strategies may be more cost effective and practical, especially for those not living in a hot environment (Heathcote et al., 2018). An example of passive strategies would include resting in a heat chamber, sauna, or hot bath. Exercise bouts should be completed before the heat sessions, with minimal delay between the exercise session and application of the heat in order to elicit optimal thermoregulatory-adaptive response. Additively, the passive heat sessions should be a minimum of 30 minutes and be completed on consecutive days with 6-7 exposures for successful adaptations (Heathcote et al., 2018).

Nutritional strategies

Within a long-duration event such as ‘Ironman Hawaii’, the human body needs support in the form of adequate nutrition and hydration. The carbohydrate, lipid and protein macronutrients that are consumed daily, supply energy to maintain bodily functions. During endurance-based exercise, most of the energy comes from glycogen which is stored in the muscles and liver. Once glycogen stores become depleted, the much slower energy supply from fat becomes crucial (Barrero Franquet, 2014). Therefore, understanding the appropriate nutritional needs before, during and after an ironman event is vital.

Before the event 

Carbohydrate loading has been reviewed in several studies. It has been suggested that a supercompensated muscle glycogen level can improve performance by 2 - 3% in events lasting greater than 90 minutes. Well trained athletes who are aiming for high muscle glycogen stores before the event should ensure that their intake of carbohydrates is high with a suggestion of between 6 and 10g of carbohydrates per kg/BW/day (Jeukendrup, Jentjens and Moseley, 2005). Carbohydrate consumption before exercise may increase availability throughout prolonged exercise, thereby increasing muscle and liver glycogen reserves (Coyle et al., 1985). Some individuals can only handle small amounts of carbohydrates and/or fluids during exercise, making it impossible for them to ingest enough carbohydrates. Consuming 200 - 300g of carbohydrates 3 - 4 hours before the event may be an efficient technique (Hargreaves, 1999).  However, the chosen food must be easy to digest in order to minimise gastrointestinal discomfort. 

As previously stated, dehydration may have a detrimental influence on exercise performance. Starting an event in a hydrated state is essential, it is normally suggested to consume 400 - 600mL of liquids two hours before exercise (Jeukendrup, Jentjens and Moseley, 2005). Similarly, individuals who find it difficult to drink enough fluid during exercise or who lose body water at a rapid pace may benefit from hyperhydration, which can increase thermoregulation and exercise performance, particularly in a hot environment (Latzka and Sawka, 2000). 



During the event 

The effort needed to complete an ironman will require a significant amount of calories, up to 8,000 kcal for a male racer in Ironman Hawaii. Due to the ability to chew and drink adequately when seated, the majority of food intake will occur during the cycle phase throughout this long-duration event (Pfeiffer et al., 2010). It is recommended that individuals consume up to 60g of carbohydrates per hour in the form of glucose or maltodextrin, or up to 90g per hour in the form of various transportable carbohydrate mixtures such as glucose-fructose blends (Jentjens et al., 2004). The time of glucose consumption is key since muscle glycogen stores can be spared if the carbohydrate is consumed at the start of the race phase. In relation to this, individuals should calculate the amount of carbohydrates per portion that they would usually consume and prepare the correct amount to carry with them on the cycle or run phase of the event (Kruseman, Lecoultre and Gremeaux, 2020). 

In hot temperatures, water losses can be as high as 2 litres per hour, and this increases when the exercise intensity exceeds 70% of VO2max (Laursen and Rhodes, 2001). The American College of Sports Medicine (ACSM) recommends frequent consumption of fluid during exercise and that drink temperatures of between 15°C and 21°C are more preferred (Stand, 2009).  However, it has been illustrated that a combination of cold-water ingestion and cold water pouring in hot and humid environments, are strategies that athletes use during training/competitions (Bayne et al., 2022). Fluid replacement during exercise should attempt to compensate for fluid loss. Carbohydrates should be added to the fluid solution to maintain blood glucose levels and prevent fatigue during exercise. Electrolytes should also be added to reduce the risk of hyponatremia and increase the drink's palatability. These fluid requirements can easily be met by consuming 600 - 1200 ml of 4% - 8% carbohydrate-containing solutions each hour, along with 0.5 - 0.7 g of salt per litre of water to replace fluids lost through sweating (Stand, 2009). To support athletes when rehydrating, the USA Triathlon suggests that fluid stations should be placed every 5 miles on ironman courses. This will allow athletes to rehydrate effectively if they do not have their own drinks on them (Dallam, Jonas, and Miller, 2005). 


Post event 

Glycogen replacement is critical throughout the post-exercise recovery process. Depending on the level of glycogen depletion and the consumption of at least 8g of Carbohydrates/kg/BW/day, glycogen stores can be restored within 24 hours. Consuming carbohydrate foods with a moderate to high glycaemic index is advised because it may result in greater glycogen synthesis rates. It makes little difference whether the carbohydrate is consumed in the form of solid food or fluid, as fluid containing carbohydrate can also help with fast rehydration (Jeukendrup, Jentjens and Moseley, 2005). Prolonged exercise, such as an Ironman Triathlon, is known to cause substantial muscle damage, emphasising the necessity of enhanced protein accretion and amino acid availability after exercise to contribute to faster tissue growth and repair (Jeukendrup, Jentjens and Moseley, 2005). Another important part of recovery post ironman event is fluid restoration, especially following exercise in a hot and humid environment. Effective rehydration after exercise can only be achieved when both sweat loss and sodium lost in sweat are replaced. When large amounts of fluid need to be consumed, palatability can be a major challenge. As a result, a person should select a drink with the appropriate level of sodium that will not interfere with fluid consumption (Jeukendrup, Jentjens and Moseley, 2005).  Drinking a fluid containing moderate levels of carbohydrate may also improve palatability and boost the rate of intestinal water and sodium uptake. A more diluted carbohydrate drink should be consumed when a person is severely dehydrated after an ironman event because fluid balance restoration is just as important than glycogen replenishment (Jeukendrup, Jentjens and Moseley, 2005).

Overall, heat acclimation and/or acclimatisation, followed by appropriate nutritional strategies before, during, and after the event, will assist those participating in Ironman Hawaii. Considering this event is one of the most challenging in the world, even more preparation strategies can be used, such as training periodization, using heart rate variability to guide training, and post-event recovery strategies. To thoroughly prepare for the event, using an experienced triathlon coach prior to it would be beneficial. Future research on Ironman Hawaii would benefit from another study based on the additional preparation techniques stated above. 
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