Physiological Demands and Requirements of Olympic Race Triathletes

Introduction   
Triathlon is defined as an endurance-based sport consisting of three disciplines: swimming, cycling, and running that is performed continuously over a certain distance. There are two types of triathlon competitions, “Long-course” (Ironman: swim, 3.8 km, bike, 180km, run, 42.2.km) and “Short-course” (Olympic or Standard Distance: swim, 1.5 km, bike, 40 km, run, 10 km).

This case study focuses on the chosen’s subject's main goal, to compete within the “age-group category” of the Standard Distance or Olympic Triathlon Race. This paper aims to identify a triathlete's physiological demands and requirements needed to compete and be successful in the chosen sport. The result of the study will then help and guide the athlete into modifying their training and lifestyle for them to be successful in the three disciplines. (Swimming, cycling, and running).

Standard Distance Triathlon also known as an Olympic triathlon covers swimming (1.5 km), cycling (20 km) and running (10km). The physiological characteristics of triathletes are determined by maximal oxygen uptake or V’O2 max. A high V’O2 max allows the body to produce more energy by inhaling as much oxygen as the lungs can which is essential for strength and endurance performance (Sleivert and Rowlands, 1996). The ability of a triathlete to sustain its V’O2 max while running economy is crucial in a triathlon (Puccinelli et al., 2020). Another factor that affects a triathlete’s performance is their ability to tolerate a great amount of lactic acid also called the lactic threshold. The greater the amount of lactic acid an athlete's body can hold the lesser fatigue they can be during endurance sports events, also essential for enduring high physiological demands during an Olympic race (Sleivert and Rowlands, 1996). Triathletes' ability to possess high values of submaximal and maximal aerobic measures is expected to contribute to athletes' endurance performance. Their ability to adapt to aerobic fitness and maximal oxygen consumption is known to be a vital determinant of endurance sports success.  Successful endurance athletes possess high levels of aerobic power known as V’O2 max which is almost double of any untrained individual. These demands are dependent on variables such as environmental factors, muscular strength, aerobic power, and neuromuscular skill. Though the most appropriate measure for triathletes has not yet been determined, studies suggest that relative V’O2 max is mostly beneficial in all three disciplines: swimming, cycling, and running (Millet, Vleck and Bentley, 2009). Success in endurance competitive sports is determined not just by maximal oxygen uptake and high values of submaximal capacities alone but by a combination of other characteristics such as anthropometric characteristics or body composition. Studies found that anthropometric characteristics massively influence athletes' sports performance. It has been found that 47% of the variance in triathlon performance is based on the athlete's body composition (Arslan and Aras, 2016). Body Fat Percentage (BFP), Body Fat Mass (BFM), Fat-Free Mass (FFM) and Total Body Water (TBW) have been found to affect triathletes' race time (Bilgin, 2016). Studies also suggest that lean mass percentage is one of the predictors of cycle and total race time (Bilgin, 2016). Also, because of the body composition and aerobic capacity of the younger athletes, they are more likely to finish the race faster (Puccinelli et al., 2020). Thus, physiological characteristics such as maximal oxygen uptake, anaerobic power, and capacity, as well as other factors like anthropometric characteristics, training volume, age, nutrition and even genetics, are linked to playing significant roles in a triathlete's sports performance (Arslan and Aras, 2016).

Method
The Participant and Its Body Composition
The chosen participant is a male athlete, 25 years old, practising for triathlons at the moderate and competitive level. The participating athlete declared good health and voluntary willingness to participate in the research. The participant was informed that 24 hours before the body composition analysis to refrain from any strenuous or high-intensity exercise and any variables such as alcohol or caffeine intake, heavy meals and even tight clothing that can affect the results of the test. The subject's height was measured in centimetres by a stadiometer, model Seca 213 (Seca, Hamburg, Germany) and the weight was measured in kilograms by Seca Weighing Scale, model Seca 875 (Seca, Hamburg, Germany) with shoes removed. The values were recorded. Body composition such as Fat Percentage (%) , Fat Mass, Fat Free Mass, Muscle mass, Bone Mass, and Body Mass Index (BMI)was also measured using Tanita Body Comp, model Tanita MC980 MA (Tanita, Amsterdam, The Netherlands). 

Aerobic Capacity Assessment Protocol
Cardiopulmonary Exercise Testing (CPET) also referred to as V’O2 (oxygen consumption) test was conducted to evaluate aerobic fitness and assess the performance of the heart and lungs at rest and during exercise. This test specialised type of stress test that measures the capacity of the heart and lungs in exercises. Before the test a V2 mask (Hand Rudolph Inc.) was applied on the athlete's face and a heart rate chest strap, model Polar H7 or H10 (Polar Electro, Warwick, UK) for heart rate (HR) measurement was placed on the chest. A Metabolic Cart, model Coretex Metalyzer 3B (Leipzig,Germany) were also used to conduct the test. A Wattbike Atom, model Wattbike AtomX (Wattbike, Nottingham, Uk) was connected as a workload device. During the CPET test, the subject will be required to perform a warm-up exercise on an upright bicycle prior to the test.

Study Design
The study was conducted during a morning laboratory session at the University of Wales Trinity Saint David- Carmarthen sports laboratory. A 2-minute warm-up before the actual CPET test was conducted with a 50-watts start. The test began with a low load of 100 watts (w) which increased by 25 watts (w) every 1 min of exercise. During the test, maximum oxygen uptake (V’O2 max) and ventilation (VE) per minute, as well as heart rate (Hr), were analysed. Aerobic fitness and capacity were also expressed by maximal oxygen uptake (V’O2 max) and ventilatory threshold markers. The test continued until the point of exhaustion and the test was aborted by reasons of exhaustion and fatigue, 19 or 20 on the RPE scale by Borg. The participant then ended with a 2-minute cool down to minimise the build-up of lactate acid in the blood and for the athlete's recovery state. The outcome of the participant, aerobic capacity was evaluated and compared to the rest of the group that was not chosen as the main subject.



Results
Anthropometric and Body Composition 
The participant’s height is 189 centimetres (cm), and weight is 79 kilograms (kg). Body composition: Fat Percentage, 13.2%, Fat Mass, 10.5 kg, Fat Free Mass, 69.3 kg, Muscle Mass, 65.9 kg, Bone Mass, 3.4 kg, Body Mass Index (BMI), 22.3 which is in a normal weight range.

Aerobic Fitness and Capacity 
Figure I: Summary Table of a CPET test
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Description automatically generated]
The athlete participant performed a maximum exercise test at the University of Wales Saint David and reached a V’O2peak of 4.11 L/min. This is above the normal value 3.47 L/min (118%). The relative maximum oxygen uptake (V’O2/kg) is 52 ml/min/kg. Based on classification by AHA the fitness level is assessed as Good. At maximum exercise, the respiratory exchange ratio (RER) was 1.22 and the heart rate (FR) was 179/min, which is 102 % of the normal value. The test was aborted by reasons of Fatigue, 29 or 20 on the RPE scale by Borg. The Ventilatory Threshold 1 is 2.36 L/min or 30ml/min/kg. This is 68 % of the normal maximum oxygen uptake or 57 % of the reached maximum oxygen uptake.
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Description automatically generated]Figure III and Figure IV
Z- Scores Comparison Between the Participant vs. Other Groups

Bar Graph I
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Description automatically generated]This graph shows 13 other individuals that were not chosen to be the main subject of this case study. Z-scores are presented in graphs split between four variables. (Age, stature, body mass and V’o2max). A 0 z-score means the score is the same as the mean score data set. A Positive z-score means the score is greater than the mean score data set. A Negative z-score means the score is less than the mean score data set.

Bar Graph II
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Description automatically generated]This graph shows a positive z-score in all variables, meaning all z-scores of the participant is greater than the mean score data set which also indicates that the participant in the case study is above average than other z scores. Particularly in V’o2max, in comparison with the other 13 z-scores. The participant’s V’o2max capacity is way above average.
Discussions

The aim of this study was to assess the participant’s body composition, test his heart’s variability (HR), and lung capacity and to also evaluate aerobic and anaerobic performances that can help design an effective training programme to advance to the Standard Race or Olympic Triathlon Race. A recent study observed and revealed that the body composition of triathletes predominantly improves sports performance by 47%.  In this study, triathletes `average body fat was 17.7%, Fat Mass was 13.2 kg and lean body mass was 61.1 kg (Arslan and Aras, 2016). The participant's body composition is well suited to the criteria, with a body fat percentage of 13.2%, a fat mass of 10.5 kg and the lean body mass of 65.9kg. His body composition is predominantly above average. It has also been reported a positive and strong correlation between height and body mass in triathletes (Durkalec-Michalski et al., 2023). Previous studies suggest that physical characteristics play an essential role in sports performance. Low levels of fat percentage greatly influenced two disciplines in triathlons: swimming and running. Body mass also positively affects running performance (Durkalec-Michalski et al., 2023). These reductions in fat percentage and maintaining body mass can be explained by the volume and intensity of triathletes training daily. As they divide their training into three disciplines and specified on each. This positively impacts their anthropometric and physiological demands (Sousa et al., 2021). In conclusion, successful performance is not only determined by physiological demands and requirements itself, it can also be determined by other factors such as anthropometrics and body composition of the athletes (Arslan and Aras, 2016). Though, Anthropometrics characteristics play an important role in triathletes' performance. The main determinant of endurance sport-based performance is the athlete's ability to possess a higher relative V’O2 max (Puccinelli et al., 2020). Furthermore, the ventilatory threshold is also vital as it determines the body’s ability to endure and withstand submaximal performance for a long period of time. This ability can help lessen the build-up of lactate acid, fatty acids and the breakdown of glycerol caused by muscle exhaustion (Hausswirth and Lehénaff, 2001). 

The Cardiopulmonary Exercise Test (CPET) was conducted to measure an athlete’s heart and lung capability and was considered one of the best methods to evaluate aerobic performance (Herdy et al., 2016). The participant received a positive result, putting himself as an above-average individual according to the results. The HR, WR and EE were high in values and the participant is classified as in the “Top Zone” which means very high-intensity levels of strength and speed stamina as well as improved anaerobic mobilization capability can be recommended.  Since CPET is more comprehensive, more precise individualised programs can also be prescribed especially to athletes wanting great results. CPET prescription for triathletes will be based more on aerobic exercises aiming to maximise oxygen uptake (V’O2 max). A heart-raising, higher-intensity interval training such as HIIT training is more likely to be beneficial. For the participant to hold VT1 points for a long period of time, he needs to start taking his exercise training intensity higher between the anaerobic threshold and respiratory compensation point and still be mindful for it to be tolerated (Herdy et al., 2016). High-Intensity Interval Training can support this exercise. In general, the participant's age, body composition and high V’O2 max and ventilatory threshold results indicate the participant’s chance of advancing in the standard distance triathlon race.
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Assessment to VT1 and VT2
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