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Introduction

Endurance sports events such as triathlon and ironman involve the combination of swimming, cycling, and running over a certain amount of time and distances (BENTLEY, MILLET et al. 2002). In a field that’s been dominated by male triathletes for decades and years, the number of female participants who compete in triathlons has drastically increased from 27% annual membership to more than 38% (Lepers, Knechtle et al. 2013). Female triathletes are now given the same opportunities in training and competing around the world. Recent studies discussed differences in physiological, biochemical, nutritional, training, and medical aspects of triathlon performance among male and female triathletes (Lepers 2019). The difference between female and male triathletes' physiological characteristics will also affect the physiological demands, especially with exercise modes, intensity, and duration. Females exhibit physiological changes throughout their menstrual cycles due to hormonal fluctuation and their nutritional needs vary during that phase (Holtzman, Ackerman 2021). The uniqueness of the female body composition and its biochemical profile must be taken into a lot of consideration (Santisteban, Lovering et al. 2022).

Physiological attributes of an Elite Triathlete

The most common determinant of a triathlete's success is possessing a good level of Vo2max, especially in endurance-based sports (SLEIVERT, ROWLANDS 1996), (Suriano, Bishop 2010). From the limited data available, the reported values for triathletes are like those for trained cyclists and runners. It appears that triathletes can obtain similar physiological characteristics as single-sport athletes, e.g., runners, cyclists, and swimmers, despite training in three different disciplines (Suriano, Bishop 2010). Triathletes' ability to adapt to aerobic fitness and maximal oxygen consumption has been proposed to be a big determinant in endurance success. Successful endurance athletes are characterised by having a high level of Vo2max or aerobic power almost double the capacity of an untrained individual  (SLEIVERT, ROWLANDS 1996) (Suriano, Bishop 2010). The most appropriate measure for triathletes has not yet been determined but studies suggest that relative vo2max is most likely to be beneficial in swimming, cycling, and running when it comes to endurance performance (Suriano, Bishop 2010).

Generally, triathletes possess high values of vo2max. The report (table 1: Vo2max of national level/elite triathletes, runners and cyclists)  for values shows that during swimming, cycling and running it ranged from 49.9-57.7 ml kg -1 min -1, 43.6 - 75.9 ml kg -1 min -1 and 49.7 – 78.5 ml kg -1 min -1 respectively for male athletes and from 38.1 – 45.3 ml kg -1 min -1, 48.2 – 61.3 ml kg -1 min -1 and 50.7 – 65.6 ml kg -1 min -1 respectively for female athletes. Male triathletes predominantly possess 20-30% higher vo2max in comparison to female triathletes  (Suriano, Bishop 2010). While vo2max describes the maximal limit for aerobic energy production, few studies suggest that parameters measured during submaximal exercise provide better predictors of endurance performance. The ability of a triathlete to do a submaximal workload with a relatively lower vo2max is critical for endurance performance and success. It influences not only by vo2max but also by anaerobic threshold and economic movement (Suriano, Bishop 2010).

Female Triathletes 

A recent literature review revealed that female triathletes tend to have a mesomorph build and body, usually stronger and leaner than the average female (Plowman 1974). Elite female triathletes are described physically as generally tall, average to light in weight, have low levels of body fats, with a physique that provides the advantage of large leverage. The ability to uptake a high level of vo2max for the achievement of high aerobic capacity as well as having a high level of lactate threshold (Laurenson, Fulcher et al. 1993). Though often still unable to reach the physiological capacity level of a male champion. Discrepancies between females and males in records are relatively high in percentage (Lepers, Knechtle et al. 2013). The difference in total time in a triathlon performance is approximately 10-20%  (Lepers 2019)

Physiological Considerations 

Sport and exercise performance can be explained by morphological and physiological factors (Lepers, Knechtle et al. 2013). Elite female athletes, in general, have 7-12% more body fat than males, due to the male and female body's different physiological characteristics  (Laurenson, Fulcher et al. 1993) (Moon, Tobkin et al. 2009). Females excrete certain hormones such as oestrogen necessary for the body. According to the American College of Sports Medicine, it is suggested that the minimum amount of body fat for males is 5% and 12% for women to support healthy endocrine and immune systems (ACKLAND, LOHMAN et al. 2012). Since the fat percentage in female athletes are predominantly higher than males, and fat is buoyant in water, therefore female athletes have an advantage during swimming over running and cycling (Lepers 2019). 

There’s only limited research for female triathletes in comparison to male triathletes but the physiological characteristics needed for triathletes remain to have had the same criteria. It is determined by maximal oxygen uptake or vo2max, anaerobic capacity threshold: lactate threshold and ventilatory threshold. Treadmill vo2max was recorded comparing female and male performance respectively. The values were 65.9 ml kg -1 min -1 vs. 68.8 ml kg -1 min -1 and cycle ergometer vo2max were 61.6 ml kg -1 min -1 vs. 66.7 ml kg -1 min -1 (Suriano, Bishop 2010).  In conclusion to the testing, it appears that female triathletes' vo2max scores are relatively lower compared to male triathletes. Thus, the discrepancy between cycling and treadmill vo2max testing is greater for females than it is for males, with the vo2max lower by 20% than males. This result can help female triathletes further improve their performance if they base their future training program on improving and building up their vo2max threshold higher  (Lepers 2019) (Santisteban, Lovering et al. 2022) (Lepers, Knechtle et al. 2013).

Female endurance athletes need to surpass a relatively higher vo2max of the male triathletes to dominate the world of endurance sports. The body needs to cater to physiological demands for a long period, so the ability of the body to keep the lactate threshold is beneficial in endurance performance (Lepers 2019). Female athletes tend to have a slightly higher lactate threshold than males (Lepers, Knechtle et al. 2013) (Santisteban, Lovering et al. 2022). However, female athletes still have lower running velocities at the lactate threshold. Female triathletes relatively have lower speed test scores and general test scores including maximal treadmill and cycling vo2max test. In the economy energy cost and oxygen uptake during running and cycling, female triathletes have got the lower hand. However, some studies suggest that females can better tolerate hot and humid racing because of them having small body size. During oppressive hot weather, the female body tends to be less susceptible to overheating as lighter runners usually produce and store less heat at the same time as running (Lepers 2019). This led to a prediction that female triathletes are more likely to dominate in a hotter setting in a long-distance triathlon such as the Hawaii Ironman Triathlon Event (Lepers 2019). Female triathletes appear to oxidize proportionately, with more lipids and fewer carbohydrates during endurance exercise, they also have a lower respiratory exchange ratio and attenuated muscle glycogen utilization. This means they can withstand and endure long hours in competition due to the supply of glycogen in their liver will outlast them (Purdom, Kravitz et al. 2018). Though research suggests that females oxidize fat better in endurance it has been found that the peak fat oxidation did not predict Ironman race time independently of aerobic capacity in females (Santisteban, Lovering et al. 2022). On the contrary, a study found that maximal fat oxidation rate exerted an independent influence on Ironman performance in males. These contradictory results required further research and investigation to better understand fat oxidation in both male and female triathlon performance (Lepers 2019).

Female Athletes and the Importance of Nutrition

A considerable number of female athletes will experience nutritional deficiency at some point in their careers (Holtzman, Ackerman 2021). Women are often cast aside as “more difficult” to study than men due to higher levels of hormone fluctuation (Holtzman, Ackerman 2021). Unfortunately, research in optimising nutrition for health and performance specific to female physiology is lacking. It has been suggested that designing a day-to-day diet plan for female endurance athletes primarily focuses on protein requirements. A recent investigation into protein requirements of women exercising for 1.5 hours/ day or more showed that protein intake should be at least 1.6 g kg -1 day -1 during the follicular phase (ovulation phase) because of increased production of progesterone in the luteal phase (pre-period phase), protein requirement is higher due to higher rates of protein catabolism (Holtzman, Ackerman 2021). The American College of Sports Medicine (ACSM) recommends 1.2 – 2 g kg -1 day -1 of protein intake should be distributed evenly throughout the day. Female athletes in general should aim for energy availability (EA) of 45 kcal kg -1 fat-free mass-day -1 for optimal health and performance. Micronutrient deficiencies are most common in female athletes particularly iron, vitamin D and calcium due to hormonal intricacy (Holtzman, Ackerman 2021). Sports nutritionists should strategize to prevent these deficiencies. Increasing consumption of diverse healthy foods and food supplements potentially. Hydration is as important as micro and macronutrients. Though requirement varies and may change during follicular, luteal, and menstrual phases. Female athletes should pay close attention to their menstrual cycles to monitor changes or irregularity as it can signify nutritional deficiency. Remind them that missing a cycle is not normal for an athlete (Holtzman, Ackerman 2021) (Anon 2016).

Conclusion
There are challenges in studying women’s bodies in general as they are cast as being “more difficult” to study due to not only their body size but also body composition and hormonal milieu (Holtzman, Ackerman 2021). Though there’s only limited research conducted for female triathletes, they have proven that sometimes they can finish ultra-marathons in times like those males who can beat them in marathons due to their higher level of endurance threshold (Lepers 2019). The physiological characteristics and demands of female triathletes do not differ from males when it comes to sequential exercises in swimming, cycling, and running. Both groups are expected to undergo intensive and unique training that will develop physical and physiological characteristics that promotes endurance. Though the vo2max capacity for female athletes is relatively lower by 20-30% than for males, some research suggests that female athletes have a greater lactate threshold allowing them to be less fatigue during an endurance sports event (Santisteban, Lovering et al. 2022). They also have 7-12% higher body fat composition that helps with buoyancy during the swimming event in a triathlon competition (Moon, Tobkin et al. 2009). They are also more likely to withstand hotter weather in comparison to male athletes due to their body size and characteristics (Lepers 2019). The advantages of being female athletes do not outweigh the disadvantage though. Statistically, in speed performance in running and cycling, females are slower than males. So, in a triathlon and ironman event where the ability to finish the race faster as well as withstand the long enduring process, males predominantly have a higher chance of completing the race faster but with a higher fatigue rate. Meanwhile, the females will complete the race in an average racing time but will fatigue less. Whether or not women can match the performance of men, more research and studies should be conducted to gain a better understanding of how women adapt different forms of endurance training in preparation for triathlon events as well as promote female participation and help them achieve their maximal performance (Santisteban, Lovering et al. 2022).
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