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INTRODUCTION
The following text discusses the journey from amateur to professional in the challenging world of triathlon, which explores the profound appreciation for the physiological demands that define this multifaceted endurance sport. Triathlon is an extremely demanding sport involving swimming, cycling, and running (Rodríguez González, F.J., 2017) imposes significant strain on the human body, requiring a finely tuned physiological system to perform optimally and achieve success. As the subject aims to compete in full distance Ironman events consisting of a 3.8km swim, 180km bike and a 42.2km run, this requires an exceptionally efficient physiological demands. During the event, the distribution of distance splits is significantly biased towards cycling, followed by running, and then swimming. Athletes must shift from one discipline to the next, facing a series of physical hurdles that test the boundaries of human capability. Triathlon epitomises an endurance discipline that requires exceptional cardiovascular fitness, muscular endurance, and effective energy management. As the subject is an aspiring 38-year-old athlete aiming to surpass amateur levels and reach professional standard, a deep understanding of these essential physiological requirements is necessary. Triathlons are endurance-based competitions that demand athletes to maintain intense exertion levels over prolonged durations, therefore cardiovascular endurance, measured as VO2 Max is the dominant physiological quality required, while body composition is deemed as another important determinant of significance (Barbosa et al 2023). The primary energy requirements of the sport are predominantly aerobic; nevertheless, the ATP-PC and glycolytic energy systems are utilised to different extents during the entirety of a race. Achieving success in triathlon is commonly acknowledged to hinge on the maximal oxygen uptake and the athletes' maximum fractional utilization (Bosquet, Léger and Legros 2002). The flexibility of a triathlete is also considered important, particularly in the musculature around the hips, as this can improve performance and lessen the risk of injury (Niyazova. and Raximova 2021).

Although endurance holds utmost importance in triathlon, strength and power play vital roles, particularly in the cycling and running stages, and this can be achieved without an unnecessary gain in body mass (Baldwin et al 2021). This increase of strength and power can potentially empower triathletes to generate force while cycling and sustain a swift running pace, even amidst fatigue. Additionally, the ability of the athlete to work at their anaerobic threshold is a further consideration. The anaerobic threshold marks the stage where the body's capacity to clear lactic acid (a byproduct of anaerobic metabolism) lags its production rate (Wasserman 1986). Elite triathletes commonly possess an elevated anaerobic threshold, enabling them to endure high-intensity exertion for extended durations before succumbing to fatigue. Indeed, competitions can evolve into a more anaerobic state, and athletes who can operate nearer to their anaerobic threshold and sustain their power output stand a better chance of winning their race (Austin et al 2018). Further to this, a competent triathlete requires efficient running mechanics, optimum cycling technique, and excellent swimming technique to ensure minimal energy expenditure. Triathletes should possess a distinct combination of physiological attributes, encompassing outstanding endurance, cardiovascular health, strength, power, proficient technique, as well as mental resilience. Through rigorous training, thorough preparation, and strategic race tactics, they aim to reach their peak performance and attain success in the challenging realm of triathlon.


TESTING PROTOCOLS

Physical Activity Readiness Questionnaire (PAR-Q)

The PAR-Q is a commonly employed medical screening tool in numerous exercise physiology laboratories and health and fitness centres. This is the first, important step prior to the commencement of any testing procedure. It is used by fitness professionals to identify any risk factors or medical conditions that the individual may have that presents a contraindication to the testing procedure.
The PAR-Q is to be initiated by directing the individual to complete the initial seven questions. If the individual responds "yes" to one or more of the initial seven questions, they were advised to consult a physician before engaging in any exercise or testing. Inform them to inform the physician about the questions with "yes" responses on the PAR-Q. Additionally, they should inquire with the physician about which exercise tests are appropriate or should be avoided. If the individual answers "no" to all the initial seven questions, they may proceed with the exercise test (Thomson et al 2013)
(See Appendix 1)


Body Composition (Skinfold method)

A marker is to be used to measure and indicate the relevant anatomical location. Each gender requires measurement at specific sites. While both males and females are measured at the thigh site, males are additionally measured at the chest and abdomen, while females are measured at the triceps and suprailium. Measurements to be taken on the right-hand side of the participant’s body. The skin of the subject was held with the thumb and forefinger, and gently pulled away from the body, approximately 1cm away from the site to be measured. The measurement is to be taken 1 to 2 seconds after the grip has been released. The four sites to be measured were the biceps, triceps, subscapular and the suprailiac (American College of Sports Medicine, 2013) and the method used to calculate body composition was the Durmin and Wormersly (Davidson et al 2011).


Muscular Endurance (Push Up Test)

The subject is to start in the upward position, maintaining fully extended arms and a straight body. Ensure that the hands are facing forward and spaced approximately shoulder-width apart. For male subjects, the pivot point is at the toes. The subject is to descend their body until the chin contacts the floor and subsequently returns to the upward position by extending the elbows. The number of repetitions without stopping are to be counted and logged on a worksheet for reference.


VO2 Max (Watt bike and Douglas Bag)


Aerobic capacity (VO2 max) was evaluated using a Watt Bike and Douglas Bag system, recognised as the gold standard method for gauging maximal oxygen consumption during exercise. Under the supervision of a practitioner, the participant undergoes the test. It commences with a minimum 4-minute low-intensity warm-up on a cycle ergometer, facilitating adjustments to the setup. The intensity gradually escalates until the participant reaches exhaustion, with the practitioner modifying the power output as per individual considerations. Termination of the test occurs upon the participant's fatigue, indicated by cessation of cycling or a notable decline in performance. A sample of expired air from the Douglas bag is collected at the final workload. Subsequently, the participant engages in cycling at a reduced intensity for a minimum of 5 minutes to facilitate cooldown before dismounting. Timed sampling of expired air into the Douglas bag lasts precisely 30 seconds. Evacuation of bags can be concurrent with adequate personnel. Participants signal when nearing fatigue, then use the mouthpiece and nose clip. During the final 30 seconds of maximal effort, expired air is collected in the Douglas bag, and relevant data is noted. Gas concentration and bag volume are analysed for accuracy. Gas concentration analysis involves timed sampling using a Servomex gas analyser, recording values within the last 15 seconds. Volume measurement utilises a vacuum, with valve opening timed alongside vacuum activation.



Flexibility (Sit and Reach)

The subject is to warm up by either walking or using a stationary cycle ergometer, along with performing dynamic stretching exercises. The subject should sit down without shoes, ensuring their knees are fully extended and their feet are positioned no wider than 8 inches apart. The heels should align with the 23cm mark on the measuring scale. The arms should be extended straight ahead, with one hand placed over the other, ensuring that fingertips are aligned, and the palms face downward. During the test, instruct the subject to reach forward along the measuring scale and maintain the position for 1 or 2 seconds. Document on worksheet 40.1 the furthest point reached, rounding to the nearest centimetre. If there are discrepancies in fingertip alignment or if knee flexion is observed, repeat the test.


RESULTS

Comparison of subject’s results with group

	TEST
	RESULT
	MEAN
	SD
	NORM DATA

	VO2 Max
	44.1
	54.5
	18.9
	65-80

	Bodyfat %
	21.3
	15.7
	8.7
	<11

	Press Ups
	41
	23.2
	13.3
	>44

	Sit and Reach
	25
	21.7
	9.3
	>16



Table 1 - Comparison of relevant results with peer group
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                               Bodyfat            Press Ups      Sit and Reach       VO2 Max

Z – Score
A z-score, also referred to as a standard score, serves as a statistical metric signalling the distance, in terms of standard deviations, between a data point and the mean of a dataset. It offers a standardised method for evaluating individual data points relative to the entire dataset's distribution. The z-scores indicate that the body fat percentage and flexibility demonstrate a minor deviation from the average, while the number of press-ups shows superior upper body endurance, and the VO2 Max result denotes a substantially lower-than-average performance level, suggesting room for improvement in cardiovascular fitness.

The VO2 Max result of 44.1 falls below the mean of 54.5, indicating that the subject’s cardiovascular fitness level is lower than the average of the group. Additionally, since the result falls within one standard deviation (18.9) from the mean, it suggests that the deviation from the average is not extreme. However, considering the normative data range of 65-80, which represents the typical range for VO2 Max in a triathlete, the result indicates that there is room for improvement in cardiovascular fitness to reach the adequate range. Therefore, the individual may benefit from interventions aimed at improving aerobic capacity to achieve normative standards.
Body fat percentage recorded as 21.3% surpasses the mean value of 15.7%, indicating that the individual's body fat level is higher than the average of the group. The deviation of 21.3% from the mean exceeds one standard deviation of 8.7%, suggesting a departure from the body fat percentage observed in the dataset. In comparison to the normative data value of 11%, which represents a standard reference point for body fat percentage in a triathlete, the value of 21.3% indicates a substantially higher body fat percentage than what is considered acceptable.

The total of press-ups, at 41 repetitions, notably surpasses the mean count of 23.2, signifying that the individual's performance in this exercise is considerably above the average of the dataset. Furthermore, the deviation of 41 from the mean exceeds one standard deviation of 13.3, highlighting a substantial deviation from the typical performance level observed in the dataset. By meeting the norm data criteria of exceeding 44 repetitions, it suggests that the individual possesses commendable upper body strength, as their performance aligns with or surpasses the expected standard for this exercise.

The sit and reach test result at 25, exceeds the mean of 21.7, indicating that the subject’s performance in this assessment is above the average in the dataset. Additionally, with a deviation of 25 from the mean falling within one standard deviation of 9.3, it suggests that the deviation from the average is not excessive. Surpassing the norm data value of greater than 16 implies that the individual demonstrates good flexibility, as their performance exceeds the standard for this test.


Discussion and Conclusion

It is evident from the obtained data that the subject ought to prioritise the improvement of cardiovascular endurance (VO2 Max) to progress in his chosen sport. To optimise the impact of training on VO2max, it is advised to engage in extended intervals (at least 2 minutes), substantial volume (at least 15 minutes), and moderate to prolonged periods (between 4 to 12 weeks) of high-intensity interval training (Wen et al 2019). This method can be cycled with low intensity, but longer duration training (LIT), which can be structured within the same microcycles for the athlete. Meta-analyses comparing low-intensity training (LIT) to high-intensity interval training (HIT) protocols regarding their impact on VO2max have shown minimal, negligible, or uncertain differences in effects between the training groups (Crowley et al 2022). 

With regards to the improvement of body composition, the subject should consider the implementation of a strength training-based program, to build lean muscle tissue, thus increasing metabolic rate and the facilitation of fat loss. Supervised resistance training programs have been found to notably decrease both body fat percentage and overall fat mass (Lopez et al 2022). To improve time efficiency and to limit adversely affecting other training priorities, strength training can focus on bilateral, multi-joint exercises performed through a complete range of motion, aiming for at least 4 sets per muscle group each week, using weights that allow for 6 to 15 repetitions per set (Iverson et al 2021). Furthermore, the subject may consider the inclusion of resistance exercises that target the muscles of the upper body, including movements like push-ups, pull-ups, and bench press, to develop both strength and endurance as this would be beneficial to the swim aspect of triathlon (Wirth et al 2022). 
As the subject’s flexibility is sufficient, this can be maintained through a lower focus, however still necessary to reduce the risk of injury and to improve performance (Witvrouw 2004). This maintenance can be achieved by performing 2 to 3 times weekly, holding each stretch for 15 to 30 seconds and repeating 2 to 4 times (Page 2012). These improvements could be programmed in the subject’s General Preparatory Phase (GPP), when there is no competition schedule to be considered. By incorporating these evidence-based recommendations into their training regimen, the subject can strive for improved performance and overall fitness.


Appendix 1 – Physical Activity Readiness Questionnaire
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