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ABSTRACT 

Triathlon is a multi-disciplinary sport that requires the sequential completion of a swim, cycle, and 

run section. Currently, short distance triathlon events include the sprint distance triathlon (SDT; 

750m swim, 20km bike, 5km run) and Olympic distance triathlon (ODT; 1.5km swim, 40km cycle, 

10km run). The rapid increase in the popularity of triathlon worldwide has led to the inclusion of 

the mixed team relay (MTR) (1F; 1M; 1F; 1M) event (4x 250-300m swim, 6-8km cycle, 1.6-2km 

run) at international level, including for the first time at the recent 2020 Tokyo Olympic Games.  

The physiological basis for SDT and ODT success is complex for a number of reasons. 

Firstly, the mixed energy system requirements of the events. Secondly, the varying distances and 

exercise modes which need to be optimally linked together. Current research reports that the 

performance and physiological basis for triathlon success are unique but can be viewed as an 

endurance sport where an athlete’s ability to efficiently turn over high amounts of energy to 

produce and sustain a high-power output or velocity over a prolonged period is the strongest 

determinant of triathlon success. For example, research has suggested that SDT and ODT require 

sustained metabolic work intensities of ~65-80% of peak oxygen uptake. Furthermore, when blood 

lactate concentration ([BLa] and %HRmax measures are considered, SDT appears to be performed 

at a higher intensity than ODT, suggesting that there is an effect of distance on the performance 

and physiological demands of triathlon. However, it is yet to be determined what, for example, the 

% peak oxygen uptake, [BLa], and % heart rate (HR) max values are required during high 

performance MTR triathlon. Additionally, how % peak oxygen uptake, [BLa], and %HRmax 

during MTR compare to the same variables previously reported for ODT and SDT. 

Through a series of three related manuscripts (Paper 1, Chapter 2; Study 1, Chapter 3; and 

Study 2, Chapter 4) the present thesis has three primary aims: 1) to systematically identify and 

critically discuss the current body of research literature examining performance, physiological, 

and pacing demands experienced during an ODT, SDT, and MTR triathlon; 2) to quantify the 

relative performance and physiological demands of a complete simulated MTR triathlon (sMTR), 

and compare this data to a relevant maximal swim, cycle, and run tests conducted in isolation; and 

3) to investigate the effects of three specific warm-up (WU) protocols on sMTR performance 

(300m swim, 10.5min variable cycle, and 1.8km outdoor run). WUs included a moderate aerobic 
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run-swim (WU1), a progressive high intensity intermittent (HII) swim-cycle (WU2), and a 

plyometric/circuit style dryland (WU3), in a group of high performance and elite triathletes. 

Following the Preferred Reporting Items for Systematic Review and Meta-Analysis 

guidelines (PRIMSA) Paper 1 (Chapter 2) revealed 21 papers that met the inclusion criteria, and 

three main areas of previous research. These included the performance and physiological 

demands, pacing strategies, and the effect of the previous discipline or section during SDT or 

ODT. The first major finding from the review was that no research has examined or reported on 

MTR triathlon in any of the main areas of research. Secondly, that there appears to be a clear effect 

of triathlon distance on the performance and physiological demands, pacing strategies, and the 

effect of the previous discipline or section during ODT or SDT. The available research strongly 

suggests based on high %HRmax and [BLa] measures that both ODT and SDT are completed at 

sustained high intensities. Furthermore, that the shorter distance SDT is completed at a higher 

sustained intensity compared to ODT. The review also identified that a fast swim start during both 

ODT and SDT with a purposeful reduction in speed towards the end of the swim section may result 

in favorable swim performance. In addition, both efficiently drafting and an even or slightly 

negative pacing (a gradual increase in race velocity is observed during the event; i.e., a slower 

start) pattern may improve cycle and subsequent run performance during both ODT and SDT. At 

present, it appears that elite triathletes currently adopt a positive run pace during races. However, 

a slightly negative run pace with a concomitant end-spurt may be best for both run and overall 

ODT or SDT performance. Finally, the review revealed the effect of the previous discipline on 

subsequent performance seems to be strongly related to how the triathlete paces each race section. 

Importantly, no research to date has examined any of the above factors in relation to the new 

Olympic sport of MTR triathlon. 

Conducting a laboratory-controlled study working with high performance triathletes and 

examining the performance and physiological demands of the swim, cycle, and run sections during 

a sMTR, Study 1 (Chapter 2) revealed that triathletes sustain near maximal intensities for both the 

duration of each sMTR section and the entire sMTR (250m swim; 8km cycle; 2km run). Firstly, 

sMTR swimming was performed at a sustained intensity of 95.3±2.1% of previously determined 

critical swim speed (CSS). sMTR mean swim speed was 1.4±0.1m.sec-1 and CSS speed was 
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1.5.±0.2m.sec-1. Secondly, sMTR cycling was performed at a sustained intensity of 100.9±6.1% 

of cycle power at ventilatory threshold (VT) and 83.1± 3.6% of maximal power at previously 

determined cycling VO2peak (peak oxygen uptake) with sMTR mean cycle power measured at 

286.85±8.7W and 344.06±3.4W at VO2peak. Finally, sMTR running was performed at a sustained 

intensity of 96.9±3.9% of run pace at VT and 92.0±4.4% of run pace at VO2peak. sMTR mean run 

pace was 3:39.9±00:27.3min.km-1 and pace at VO2peak was 3:21.3±00:21.3min.km-1 during the 

previously-completed maximal running test. In summary, the available data from Study 1 strongly 

suggests that both the sMTR and each section of the event is performed at a higher sustained 

intensity than previously observed for both SDT and ODT. Therefore, given the high relative 

intensity of sMTR triathlon, triathletes may require a specific pre-race warm-up to be better able 

to meet the demands of MTR triathlon. 

Using a randomised counterbalanced-crossover design, Study 2 (Chapter 4) revealed that 

performing a progressive anerobic HII swim-cycle WU (WU2) is best to improve sMTR cycle 

tolerance, run, and overall MTR performance compared to a moderate aerobic WU (WU1) and a 

plyometric/circuit style dryland WU (WU3). in high performance and elite triathletes.  The major 

findings were firstly, that overall sMTR performance was significantly improved following WU2 

(1174.8±59.2sec; SE=24.2) compared to WU1 (1189.2±66.1sec; SE=27.0) and WU3 

(1191.8±66.1sec; SE=27.0). Secondly, 2km run performance was significantly faster following 

WU2 (336.3sec) compared to WU1 (350.4sec) and WU3 (350.5sec). Finally, [BLa] was 

significantly lower pre-run (post-cycle) following WU2 (7.7±1.9mmo.L-1) compared to WU1 

(11.6 ± 2.7mmol.L-1) and WU3 (11.1 ± 2.8mmol.L-1). Taken together, these results demonstrate 

that that the run performance was the primary performance difference between the three WU 

conditions as evidenced by the significantly better mean sMTR run time and mean lap one run 

pace following the WU2 condition. Importantly, this may have been the result of the cycle (power 

matched across conditions) during WU2 having been better tolerated physiologically as evidenced 

by the significantly lower [BLa] following the sMTR cycle section after completing WU2. 

Therefore, due to the fast start and high intensity nature of MTR racing a HII swim-cycle WU may 

be an important part of MTR race day preparation in elite and high-performance triathletes. 
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Taken together, the present thesis is the first to examine in detail performance, 

physiological, and pacing factors related to MTR. The thesis and associated papers are the first to 

examine in detail these key factors relating to MTR performance. The results have clearly 

demonstrated that there is a significant effect of race distance when the performance, 

physiological, and pacing demands are compared between ODT, SDT, and MTR. Moreover, the 

findings of Study 1 highlighted that MTR is performed at near maximal intensities for swim cycle 

and run sections when expressed as a percentage of relevant individual maximal tests. Finally, 

Study 2 revealed that MTR performance may be improved by a specific HII swim-cycle WU on 

race day. The information presented in this thesis will inform and assist coaches, sport scientists, 

and triathletes of the specific performance, physiological, and pacing demands required to 

effectively and validly design and structure training plans to meet the specific demands of MTR 

competition. 
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CHAPTER ONE: INTRODUCTION AND NARRATIVE REVIEW 

1.0. Introduction 

Triathlon is a unique, multi-disciplinary sport that requires the sequential completion of individual 

swim, cycle, and run sections (Ofoghi, Zeleznikow, Macmahon, Rehula, & Dwyer, 2016; Sousa 

et al., 2021). There are a number of long-distance triathlon events including the Ironman (3.8km 

swim, 180km cycle, 42.2km run) and half Ironman (1.5-1.9km swim, 90km bike, 21.1km run) 

triathlons (Taylor, Smith, & Vleck, 2012). The short distance triathlon events include the Olympic 

distance triathlon (ODT; 1.5km swim, 40km cycle, 10km run) (Cejuela, Cortell-Tormo, 

Chinchilla-Mira, Pérez-Turpin, & Villa, 2012) and sprint distance triathlon (SDT; 750 m swim, 20 

km bike, 5 km run) (Van Schuylenbergh, Eynde, & Hespel, 2004; Wu et al., 2015a). The rapid 

increase in the popularity of triathlon worldwide has led to the introduction of the mixed team 

relay (MTR) (1F; 1M; 1F; 1M) teams relay event (4x 250-300m swim, 6-8km cycle, 1.6-2km run) 

at both Olympic and international levels (ITU, 2018; Parry, 2012; Walsh, 2019). 

The MTR was recently featured as a new Olympic event at the Tokyo 2020 Olympic 

Games. The MTR event for Tokyo 2020 consisted of a 300m swim, 6.6km bike and 2km run, 

significantly shorter in distance than both the more traditional ODT and SDT events. Furthermore, 

each sequence of the swim, bike, and run is completed by all four relay team members, alternating 

from F-M-F-M. As a result of the shorter distance of MTR, and the possibility of a team 

motivational effect, there may be different physiological demands on the competing triathlete. 

However, at present no research has examined the performance or physiological demands of MTR 

at any level. The objectives of the proposed series of studies that make up the present thesis are 

three-fold. Firstly, to conduct a systematic review of the literature to examine the performance, 

physiological, and pacing demands of ODT, SDT, and MTR. Secondly, to quantify and examine 

the performance and physiological demands of high-performance MTR in high performance and 

elite triathletes. Thirdly, to investigate the effectiveness of specific high intensity race day warm-

ups designed to enhance performance in MTR. The major premise on which the thesis is based is 

that to successfully implement effective training and race strategies for the MTR event, it is crucial 

to understand the performance and physiological demands of the event as a whole (Etxebarria, 

D'Auria, Anson, Pyne, & Ferguson, 2014). 
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Historically, the inaugural  modern day triathlon was held in San Diego, California in 1974, 

followed shortly by the first Ironman triathlon event in Hawaii in 1978 (Lepers, Knechtle, & 

Stapley, 2013; Strock, Cottrell, & Lohman, 2006). Triathlon’s global governing body, the 

International Triathlon Union (ITU) was formed in 1989. The ITU sanctions an annual 

international race calendar. This calendar includes the World Cup (WC) and World Triathlon 

Series (WTS) races primarily focused on both ODT and SDT events (Strock et al., 2006; Vleck, 

Bürgi, & Bentley, 2006). 

Triathlon debuted at the 2000 Sydney Olympic Games as an ODT event. Due to the 

complex multidisciplinary nature of the event (Ofoghi et al., 2016; Walsh, 2019), and the addition 

to the Olympic program in 2000, interests in triathlon-related research increased with a strong 

focus on investigating the performance and physiological demands (Aoyagi, Ishikura, & 

Nabekura, 2021; Papavassiliou, Zacharogiannis, Soultanakis, Paradisis, & Dagli Pagotto, 2019; 

Vleck, Millet, & Alves, 2014; Vleck et al., 2006), and pacing strategies during ODT (Bentley, 

Cox, Green, & Laursen, 2008; Etxebarria, Wright, Jeacocke, Mesquida, & Pyne, 2021; Wu et al., 

2015a). 

The physiological basis of shorter distance triathlon success is complicated for several 

reasons. Firstly, due to the mixed energy system requirements (Almquist et al., 2020; Cejuela et 

al., 2012; Zhou, Robson, King, & Davie, 1997) and secondly due to the varying distances and 

exercise modes which need to be optimally linked together in the shorter distance triathlons 

(Aoyagi et al., 2021; Bonacci, Saunders, Alexander, Blanch, & Vicenzino, 2011; Puccinelli et al., 

2020). For example, sustained metabolic work intensities of ~65-80% of peak oxygen uptake have 

been previously reported for both ODT and SDT (Bernard et al., 2003; Vercruyssen et al., 2002). 

The ability to link the three disciplines together presents a unique challenge, not just 

physiologically (Millet, Millet, Hofmann, & Candau, 2000; Millet & Vleck, 2000), but also 

tactically (Abbiss & Laursen, 2008; Wu et al., 2015b; Wu et al., 2015a). 

 Tactically, a major factor in short distance triathlon success is the development of an 

optimal pacing strategy (Abbiss & Laursen, 2008; Etxebarria et al., 2021; Ofoghi et al., 2016). 

Pacing is defined as the careful and continuous manipulation of energy expenditure to sustain a 

competitive pace during a triathlon (Vercruyssen et al., 2002; Wu, Peiffer, Brisswalter, Nosaka, & 
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Abbiss, 2014a; Wu et al., 2015a). Identifying the optimal pacing strategy may be a more difficult 

task during multi-disciplinary sports compared to single-event sports such as swimming, cycling 

or running alone (Ofoghi et al., 2016). This pacing challenge is primarily due to the transitioning 

between different disciplines (swim-cycle-run), the potential effect of cumulative fatigue during 

each section of the event and the event as a whole (Taylor & Smith, 2014; Taylor et al., 2012), and 

the physical, technical, and tactical differences between each discipline (Wu et al., 2014b). 

Furthermore, pacing may be influenced by drafting (strategic positioning behind an opponent in 

order to reduce drag forces or wind resistance), race distance, individual discipline strengths of 

specific triathletes, and real-time race dynamics (Etxebarria, Anson, Pyne, & Ferguson, 2014a; 

Wu et al., 2015a). 

To date, empirical research examining triathlon performance and physiological demands, 

warm-up requirements and tactical strategies of short course triathlon has focused only on SDT 

and ODT. Considering the shorter distances of the MTR (Shrama & Périard, 2020), no research to 

date has discussed the performance and physiological demands, warm-up requirements, or pacing 

strategies of MTR triathlon. MTR triathlon first debuted in 2009 as a World Championship round 

in Iowa, USA. As of 2013, the MTR Word Championship round became an annual event, and as 

the popularity of MTR grew globally, MTR was included in the 2017 Youth Olympic Games. 

Now, MTR has been announced as a new Olympic event, debuting in the recent 2021 Tokyo 

Olympic Games. Therefore, it is important to investigate and quantify the possible higher intensity 

of MTR racing in order to inform optimal training, racing, and race-day strategies.  

The evolution of elite sport dictates rapid development of training and performance 

strategies to achieve international success. The primary aim of the present research and associated 

series of manuscripts is to firstly, systematically review the performance, physiological, and pacing 

demands, and the effect of previous disciplines on subsequent section and overall short distance 

triathlon performance during ODT, SDT, and MTR in the current body of triathlon or related 

literature. Secondly, to quantify the performance and physiological demands of MTR through a 

simulated MTR (sMTR) relative to individual maximal swim, bike and run tests. Thirdly, informed 

by the previous study, assess the effectiveness of high intensity intermittent (HII) warm-ups (WU), 

compared to a moderate aerobic WU on subsequent sMTR performance in high performance and 
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elite triathletes. It is hypothesised that MTR will pose significantly greater performance (swim 

speed, cycle power output, run pace) and physiological (relative respiratory and metabolic loads, 

blood lactate concentrations) demands on triathletes than ODT and SDT. Secondly, it is 

hypothesised that specific race day strategies, such as HII WU protocols, tailored to the 

performance and physiological demands of MTR, will benefit subsequent MTR performance. 

The remainder of this chapter aims to identify and discuss the physiological demands, 

pacing strategies, transitions and residual fatigue from previous sections, and current race day 

preparation strategies during ODT, SDT and MTR triathlon. Each of these factors is discussed in 

relation to the relative effect on actual triathlon performance. Finally, the present chapter will 

discuss the key gaps in the current body of ODT, SDT and MTR triathlon literature. This 

information will inform the subsequent proposed research questions and series of three 

investigations. 

1.1.0. Physiological Demands of Short Course Triathlon 

The aim of this section is to identify and discuss the key physiological characteristics that have 

been identified as important for success in ODT, SDT, and MTR triathlon.  

Triathlon is a complex, multidisciplinary endurance sport that requires a variety of 

interactions between various physiological systems (Bentley et al., 2008; Millet, Vleck, &  

Bentley, 2011; O’Toole & Douglas, 1995; Ofoghi et al., 2016). For example, swimming in SDT 

and ODT triathlon represents ~18-20% of the race time, compared to ~52-56% and ~30-34% for 

cycling and running, respectively (Sousa et al., 2021). Therefore, the physiological basis for 

triathlon success is unique compared to single discipline sports, such as criterium cycling or middle-

distance running (Bentley et al., 2008; Bernard et al., 2009; Wu et al., 2015a). However, triathlon 

can be viewed as an endurance sport where an athlete’s ability to efficiently turn over high amounts 

of energy to produce and sustain a high-power output or velocity over a prolonged period of time 

is the strongest determinant of triathlon success (Gadelha et al., 2020; Millet,  Vleck, & Bentley, 

2011; O’Toole & Douglas, 1995). The varying race distances, discipline characteristics, upper and 

lower limb and muscle interactions, and metabolic loading further complicate these physiological 

constraints during triathlon racing (Bentley et al., 2008; Del Coso et al., 2014). 
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Athletes, coaches and sports scientists must understand the physiological basis for success 

in triathlon in order to more accurately target training adaptations and improve performance  

(Millet et al., 2011). A number of physiological demands and characteristics have been identified 

as important indicators during triathlon performance. These include maximal oxygen uptake 

(VO2max), anaerobic threshold (AT), and economy of exercise (Coyle, 1999; Dengel, Flynn, 

Costill, & Kirwan, 1989; Gadelha et al., 2020; Millet et al., 2011). 

1.1.1. Maximal Oxygen Uptake 

An endurance athlete’s maximum ability to utilise oxygen (VO2max) has long been used as an 

indicator of potential endurance success (Aoyagi et al., 2021; Basset & Boulay, 2000; Millet et al., 

2011; O’Toole & Douglas, 1995; Suriano & Bishop, 2010a). VO2max is the highest rate at which 

the working tissues can uptake and utilise oxygen during exercise (Basset & Boulay, 2000). VO2max 

can be expressed in absolute values (L.min-1) or relative to bodyweight (ml.kg.min-1) (Puccinelli 

et al., 2020; Suriano & Bishop, 2010b). 

During triathlon racing, each section’s VO2 requirement may be different. For example, 

during swimming the body is supported by water, cycling is supported by the bicycle, and running 

requires full musculoskeletal support (Ronnestad & Mujika, 2014; Suriano & Bishop, 2010b). 

Therefore, it has been suggested that relative (r=0.74) compared to absolute (r=0.47) values for 

triathlon cycle VO2max are better correlated with triathlon performance (O’Toole & Douglas, 1995; 

Suriano &  Bishop, 2010a). 

VO2max is suggested to be predictive of both ODT and SDT performance during each of 

the three sections of the triathlon and of overall performance (De Vito, Bernardi, Sproviero, & 

Figura, 1995; Millet et al., 2011; O’Toole & Douglas, 1995; Puccinelli et al., 2020). Therefore, it 

is important to be aware of the VO2max values currently reported in the literature. Research has 

reported that high performance triathletes possess high but variable VO2max values (Suriano & 

Bishop, 2010b). For example, early research by Laurenson, Fulcher, and Korkia (1993) reported 

VO2max values in recreational female triathletes (44-65ml.kg.min-1) compared to elite female 

triathletes (54-73ml.kg.min-1) during treadmill running. In males, Schneider, Lacroix, Atkinson, 

Troped, and Pollack (1990) reported mean treadmill running VO2max values for recreational level 

triathletes (55-67ml.kg.min-1) compared to elite male triathletes (75ml.kg.min-1). More recently, 
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Millet and Bentley (2004) reported that minimum VO2max values measured during treadmill 

running for elite female and male triathletes should be approximately 60ml.kg.min-1 and 

65ml.kg.min-1, respectively. Furthermore, reports of up 74.4±4.4ml.kg.min-1 and 68.9±4.6 

4ml.kg.min-1 have been reported during cycling (Millet, Dréano, & Bentley, 2003; Vercruyssen, 

Suriano, Bishop, Hausswirth, & Brisswalter, 2005) and 67.6±3.64ml.kg.min-1 during treadmill 

running in eight well trained male triathletes (Vercruyssen et al., 2005). Historically, triathletes 

crossed over from cycling or running backgrounds; however, as the sport has evolved, triathletes 

tend to participate as triathlon specialists (Millet et al., 2011; Millet, Vleck, & Bentley, 2009; 

Walsh, 2019). 

Modern high-performance triathletes tend to be multisport specialists, as opposed to 

athletes from single sports transitioning to triathlon racing (Walsh, 2019). Historically, it was 

hypothesised that prior to triathlon specialisation, VO2max assessment on a cycle ergometer may 

not reflect a true VO2max if the athlete is a running specialist. Theoretically, the same applies if a 

specialist cyclist performs a VO2max assessment on a treadmill (Basset & Boulay, 2000). However, 

the specific cross training schedule triathlon specialists participate in may afford them specific 

central and peripheral adaptations that minimise these discrepancies during VO2max assessment 

(Hausswirth & Lehénaff, 2001). Furthermore, it is important to consider whether triathlon 

specialists have a compromised physiological capacity due to the requirement to cross-train, 

reducing relative time spent training in each of the three disciplines of the sport. Alternatively, the 

requirement to cross-train may provide an additive effect or an opportunity to recover from each 

modality whilst a different modality is being trained. 

Several studies have compared the specificity of cycle and treadmill tests in triathlon 

populations. Early research reported that cycling presented significantly lower VO2max values than 

treadmill running (57.9±5.7 ml.kg.min-1 vs. 60.5±5.6ml.kg.min-1) in a group of 13 mixed gender 

long distance triathletes (Kohrt, Morgan, Bates, & Skinner, 1987; Kohrt, O'Connor, & Skinner, 

1989).Later research observed that national level female and male (5F; 5M) ODT triathletes 

exhibited significantly higher VO2max values during treadmill running (68.9±7.9ml.kg.min-1) 

compared to cycle ergometry (65.6±6.3ml.kg.min-1) (Schabort, Killian, Gibson, Hawley, & 
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Noakes, 2000). However, these tests were conducted four days following a national race, and 

possible residual effects of fatigue may have affected the results.  

In contrast to the above findings, Miura, Kitagawa, and Ishiko (1999) compared ODT cycle 

(75-min) and treadmill (45min) ergometer tests in a sample of 16 competitive male triathletes. The 

researchers reported no significant VO2max differences between the two modes of testing. 

Furthermore, in a more recent review by Millet et al. (2011), data from six studies comparing 

laboratory VO2max tests done on either a treadmill or cycle ergometer in ODT triathletes showed a 

difference of less than 7% between treadmill  and cycle ergometer results. These values, according 

to the researchers, were determined within the typical error of measurement for VO2max tests 

(~5ml.kg.min-1). This observation supports the hypothesis of a cross training effect obtained by 

triathlon specialists, and that either cycle or treadmill tests may be appropriate for triathlon 

specialist VO2max assessment (Basset & Boulay, 2000). 

In summary, it appears that due to the large ranges of VO2max values reported in high 

performance to age-group triathletes and the different modes of testing, which may be a reflection 

of a variety of varying levels of triathletes been tested, that VO2max alone may not be the major 

determinant of triathlon success. Indeed, while >70% of the variation in triathlon performance has 

been explained by VO2max, submaximal measures such as the various anaerobic thresholds 

(Ventilatory threshold, VT; Lactate threshold, LT) are also important determinants of triathlon 

performance (di Prampero, 1986; Ronnestad & Mujika, 2014). 

1.1.2. Anaerobic Thresholds and Triathlon Performance 

In a group of homogenous athletes, VO2max may not provide the best predictor of endurance 

performance, i.e., overall finishing position (Hausswirth & Lehénaff, 2001; Papavassiliou et al., 

2019; Sleivert & Rowlands, 1996; Sleivert & Wenger, 1993). Instead, the athlete that is able to 

maintain a given velocity at a lower percentage of their VO2max, and thus reduce cumulative 

physiological stress may exhibit superior performance (Ghosh, 2004; Hausswirth & Lehénaff, 

2001; Poole, Rossiter, Brooks, & Gladden, 2021). This may suggest that the use of relative indices, 

such as percent VO2max, may better reflect an athlete’s physiological capacities. For example, when 

cycling at 250Watts (W) as an absolute work output for one triathlete may represent 80% of their 

maximal capacity, while for another triathlete it may only represent 70% of their maximal capacity. 
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Therefore, the second athlete may afford to increase their power output with potentially less 

subsequent fatigue (Ghosh, 2004; Hausswirth & Lehénaff, 2001; O’Toole & Douglas, 1995; Poole 

et al., 2021). The most common fractional correlate that is related to successful triathlon 

performance is the anaerobic threshold (AT). More specifically, both the lactate threshold (LT) 

and the ventilatory threshold (VT) have been shown to correlate most strongly with endurance 

performance (r = 0.95 to 0.77) (Ghosh, 2004; Pallares, Moran-Navarro, Ortega, Fernandez-Elias, 

& Mora-Rodriguez, 2016). 

AT represents the percent VO2max at which the production of metabolic by-products, 

typically blood lactate (BLa), supersedes the rate at which these metabolic by-products are 

buffered within the working tissue or blood (Ghosh, 2004; Poole et al., 2021; Zhou et al., 1997). 

Ghosh (2004) defined AT as the transition from aerobic to anaerobic intensity that can be measured 

during an incremental exercise test. At a particular intensity, sports scientists can also measure 

when there is a non-linear increase in ventilation (VE) or a non-linear increase in BLa 

concentration ([BLa]) above 4mmol.L-1 which continues to rise (LT) (Ghosh, 2004; Pallares et al., 

2016; Suriano & Bishop, 2010a). 

Research has consistently shown that better performing triathletes are able to sustain a 

higher percentage of their VO2max during endurance performance (Aoyagi et al., 2021; Ghosh, 

2004; Laursen, Shing, Tennant, Prentice, & Jenkins, 2003; Puccinelli et al., 2020). For example, 

Laursen et al. (2003) reported that elite ODT female triathletes presented lower [BLa] at a lower 

percent of their running VO2max (78.2%) compared to recreational level ODT female triathletes 

(89.2%) at the same running velocity. 

1.1.3. Ventilatory Threshold 

VT represents the point at which ventilation disproportionately increases compared to oxygen 

uptake (Poole et al., 2021; Whipp, Ward, & Wasserman, 1984). This may be reflective of a 

cardiopulmonary mechanism that aims to remove excessive carbon dioxide (CO2) from the blood. 

CO2 accumulation may also be reflective of a high proportion of exercise energy being contributed 

by anaerobic energy pathways. A high anaerobic input may be associated with an earlier onset of 

fatigue, if metabolite accumulation supersedes buffering capacity (Jones, Koppo, & Burnley, 2003; 

Reybrouck, Ghesquiere, Weymans, & Amery, 1986). 
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In a group of sub-elite male triathletes, De Vito et al. (1995) examined the relationship 

between VO2max and VT and both cycling and running performance. The researchers reported that 

VT was significantly correlated (p= < 0.05) to both running and cycling performance compared to 

VO2max alone. Research that has examined ODT race performance has also reported that VT was 

more correlated to running performance than VO2max alone (Baldari et al., 2007; Papavassiliou et 

al., 2019; Sleivert & Wenger, 1993). Furthermore, Schabort et al. (2000) demonstrated that in 

female and male national team triathletes (n=10), that the VT corresponding to a lower percent of 

VO2max during 15km.h-1 treadmill running best correlated with  ODT running performance (r=0.83; 

p=0.01) and superior overall ODT time (r=0.81; p=0.01). The researchers also reported strong 

correlations between peak treadmill running speed (r=0.85) and ODT performance. 

1.1.4. Lactate Threshold 

Lactate threshold (LT) is indicated by a non-linear increase in blood lactate concentration ([BLa]) 

with increased exercise intensity and is an effective indicator of the point at which there is a shift 

to anaerobic energy input (Svedahl & MacIntosh, 2003). This is because when energy demands 

exceed the rate of aerobic energy production, working tissue produces energy anaerobically 

(Bassett & Howley, 2000; Svedahl & MacIntosh, 2003). An indirect measurement of anaerobic 

energy production is the concentration of lactate in the blood.  

Schabort et al. (2000) has previously demonstrated that the LT measured during 40km 

cycling, may account for ~80% of the variance in ODT cycling performance. This finding is 

similar to earlier research which reported LT as a strong predictor (r=0.93) of 40km cycling 

performance in a sample of 11 elite cyclists (Coyle et al., 1991). Furthermore, considering SDT, 

an early onset of LT has previously been reported to impair neuromuscular performance (Garcia-

Pinillos et al., 2016). These researchers suggested that SDT triathletes should train with the goal 

of increasing their buffering capacity to enable triathletes to maintain a high relative intensity and 

race velocity (Garcia-Pinillos et al., 2016). 

In summary, triathlon’s multisport nature requires a complex interaction between various 

maximal capacities and submaximal physiological measures. These include a high VO2max 

reported in relative terms due to the varying disciplines used during a triathlon race; and secondly, 

a VT or LT at a higher percentage of VO2max will afford a triathlete the ability to produce a greater 
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power output or velocity whilst physiologically balancing or buffering potential fatigue or 

metabolite accumulation.  

To date It remains unknown as to what the above physiological characteristics and 

maximum capacities of MTR triathlete are during either simulated or actual racing. Due to the 

short and theoretically more intense nature of MTR compared to ODT or SDT, research is needed 

to quantify the performance and physiological demands of MTR to enable coaches, sports 

scientists and triathletes to better plan and monitor training adaptations and develop MTR race 

strategies. 

1.2. Pacing Strategies 

Pacing is the appearance of the distribution of work, velocity, or energy during a given exercise 

task (Etxebarria et al., 2021; Foster et al., 2004; Konings & Hettinga, 2018). A pacing strategy is 

the purposeful manipulation of an athlete’s pacing as part of the pre-race strategy (Abbiss & 

Laursen, 2008; Konings & Hettinga, 2018). The manipulation of mechanical work to optimise an 

athlete’s velocity may reduce the onset of fatigue and potentially improve overall performance 

(Atkinson, Peacock, & Law, 2007; Konings & Hettinga, 2018; Liedl, Swain, & Branch, 1999; Wu 

et al., 2014a; Wu et al., 2014b).  

Sports scientists have examined the distribution of work, speed/velocity, or energy during 

exercise tasks to optimally manipulate athletes’ pacing strategies (Le Meur et al., 2009). There are 

a number of suggested mechanisms by which pacing is regulated. These include sub-conscious 

central governance (Hausswirth, Le Meur, Bieuzen, Brisswalter, & Bernard, 2010), peripheral 

fatigue feedback (Tucker, Lambert, & Noakes, 2006; Tucker & Noakes, 2009), and the conscious 

manipulation of pacing (Wu et al., 2014a; Wu et al., 2014b). Firstly, sub-conscious central 

governance may regulate an individual’s work output during prolonged exercise through a feed-

forward type loop (Abbiss & Laursen, 2008; Hausswirth et al., 2010). That is, that energy 

expenditure is closely regulated in response to constant communication between the body’s 

peripheral efferent feedback systems and central drive systems (Laursen & Rhodes, 2001). These 

systems respond to changes in physiological state as well as intrinsic knowledge of anticipated 

workloads (St Clair Gibson et al., 2006). Energy output is then regulated in order to prevent 

detrimental disturbances to the homeostasis of the physiological systems (Konings & Hettinga, 
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2018; Wu et al., 2014a; Wu et al., 2014b). Secondly, an athlete’s pacing may also be influenced 

by peripheral fatigue caused by local homeostatic disturbances such as accumulated metabolites, 

decreased muscular pH, and impaired glycolysis. (Hermansen, 1981; Tucker et al., 2006). Finally, 

conscious manipulation of race pacing through the influence of the coach and/or team members or 

the formulation of a pre-race pacing strategy which have a significant impact on an athlete’s pacing 

during prolonged exercise (Abbiss & Laursen, 2005; Abbiss & Laursen, 2008). 

Sub-conscious central governance, peripheral fatigue and conscious manipulation of 

pacing are in turn influenced by several other factors in the sport of triathlon. These include the 

multimodal nature of triathlon (Wu et al., 2014a; Wu et al., 2015a), race distance and duration 

(Lepers & Maffiuletti, 2011; Wu et al., 2014a; Wu et al., 2015a), race dynamics (Hausswirth & 

Brisswalter, 2008; Hausswirth et al., 2010), the influence of other competitors (Baron, Moullan, 

Deruelle, & Noakes, 2011; Tucker & Noakes, 2009; Wu et al., 2014a), course topography 

(Bentley, Millet, Vleck, & McNaughton, 2002), transitions between each discipline (Etter et al., 

2013), and drafting (Vleck, Bentley, Millet, & Bürgi, 2008). 

 

 

 

 

  

 

 

 

Figure 1.1 Six commonly observed pacing strategies. (a) positive; (b) negative; (c) even; (d) all-out; (e) 

parabola-shaped; (f) variable strategies. Note for (d), which shows all-out pacing, the aim (horizontal line) 

may be to retain maximal power output/velocity, but practical observations suggest this will deteriorate 

and produce a profile similar to positive pacing, albeit with a higher initial power output. The parabolic-

shaped strategy (e) produces several variations of power/velocity as U, J or a reverse J shape (Edwards & 

Polman, 2013). 
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Six major pacing strategies have been identified through previous research (Figure 1.1) 

(Edwards & Polman, 2013). Each is dependent on both event distance or duration with each 

strategy possessing a unique shape that can be described  (Abbiss & Laursen, 2008). Strategies a–

c are the most commonly reported and observed in endurance events. The first is positive pacing, 

where a gradual decrease in race velocity occurs as the exercise bout progresses (Thompson, 

Haljand, & MacLaren, 2000; Thompson, MacLaren, Lees, & Atkinson, 2003). Positive pacing is 

proposed to be associated with a greater rate of accumulation of fatigue as a result of metabolite 

accumulation and decline in muscle glycogen levels, both of which may inhibit the power output 

of the athlete (Abbiss & Laursen, 2008). The positive pacing strategy is often observed in 200m 

swimming (Thompson et al., 2000), 2000m rowing (Garland, 2005), and 800m running where the 

athletes who finish within 2% of the world record time have been shown to adopt a positive pacing 

strategy (Sandals, Wood, Draper, & James, 2006).  Secondly, negative pacing, where a gradual 

increase in race velocity is observed during the event (Etxebarria et al., 2021). The negative pacing 

strategy may delay the onset of muscle glycogen depletion (Abbiss & Laursen, 2008), lower 

oxygen consumption (Sandals et al., 2006), and thus limit the rate of metabolite accumulation. 

Thirdly, an even pacing strategy where velocity is kept as constant as possible for the duration of 

the event (Abbiss & Laursen, 2008) despite varying external factors such as wind or topography 

(Wu et al., 2014b). While the above three pacing strategies are commonly reported in the research 

literature, three other pacing strategies have also been suggested and observed during high 

performance and elite sporting competition. 

The fourth pacing strategy is described during events typically lasting <30 sec, athletes 

adopt an all-out pacing strategy attempting to reach maximum velocity in the least amount of time. 

Observations of a decrease in velocity may also be observed as the duration of such an event 

increase (Abbiss & Laursen, 2008). 

Fifthly, is a parabolic-shaped curve which can be broken down further into one of either a 

U-shaped, J-shaped, or Reverse J-Shaped pattern (Figure 1.1). This strategy is characterised by a 

more obvious reduction in velocity during the event, accompanied further by a near maximal 

increase in speed towards the end of the race and identified as the end-spurt phenomenon (Abbiss 

& Laursen, 2008; Edwards & Polman, 2013). This end-spurt pattern is often observed when 
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athletes are made aware of the remaining distance or duration of the event  (Kay et al., 2001). An 

end-spurt may be utilised in an attempt to complete the event strongly, which is thought to be made 

possible by an anaerobic energy reserve (Abbiss & Laursen, 2008; Tucker & Noakes, 2009). It has 

also been proposed that the observation of an end-spurt may be indicative of a pre-selected and 

conscious pacing strategy in anticipation of the need for a fast finish (Tucker, 2009; Tucker & 

Noakes, 2009). 

Finally, a variable pacing pattern has been observed in pacing research. This pacing 

strategy is characterised by frequent increases and decreases in velocity in an attempt to maintain, 

decrease, or increase velocity in response to other competitors (Le Meur et al., 2011; Swain, 1997). 

For example, a reduction in power output may be a useful strategy to conserve energy if a tail wind 

or downhill section is present (Le Meur et al., 2011).  

Due to the various distances and multisport nature of triathlon, only a small number of 

studies have measured pacing during simulated triathlons or actual competition in an attempt to 

describe the optimal strategy during the swim, cycle, or run sections of ODT or SDT. No research 

to date has examined pacing strategies in MTR, which will be observed in the first study (Paper 2; 

Chapter 3) of the current thesis. 

1.2.1. Pacing in triathlon 

In ODT and SDT triathlon, the initial swimming section is performed at a relatively high intensity 

due to the importance of the swim-exit position in order to be within the lead cycle pack (Wu et 

al., 2015b; Wu et al., 2014b). The need to be in or as close as possible to the front swim pack 

would suggest a positive swim pacing strategy is required which has been observed to increase the 

chance of overall ODT and SDT triathlon success (Peeling, Bishop, & Landers, 2005; Wu et al., 

2014b). However, a positive pacing strategy may increase the likelihood of fatigue onset upon 

exiting the water and preceding the cycle section of the triathlon event (Peeling et al., 2005; Wu 

et al., 2014b). However, a fast swim start may also afford the triathlete a superior drafting position 

in the water (Wu et al., 2015b). 

Earlier research by Peeling et al. (2005) reported that during a simulated SDT, superior 

cycling performance and overall triathlon time was achieved when swimming was performed at 
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80–85% and 90–95% % compared to 98–103% of maximal aerobic swim speed. Further research 

by Landers et al. (2008) reported that the race winner exited the water in the first pack in 90% 

(males) and 70% (females) of elite races. Moreover, Wu et al. (2015a) observed that triathletes 

adopted an even swim strategy during ODT and SDT. However, further research by Wu et al. 

(2016) observed a superior SDT performance was achieved when triathletes initially adopt a 

positive swim strategy but reduce swim velocity towards completion of the swim section of the 

race.  

Taken together, the available research suggests that a conservation of energy towards the 

end of the swim, and possibly superior swim drafting position, benefits both cycle and overall 

triathlon performance. In support of this suggestion, Vleck et al. (2008)  observed that triathletes 

who were considered lower performers in the swim section were forced to increase their cycle 

energy output in order to catch up to the lead cycle pack. Therefore, it appears important that a 

triathlete performing in ODT and SDT races must possesses good swimming ability in order to 

achieve a strong swimming performance, without exceeding ~90% of their maximal aerobic speed 

(Wu et al., 2015b). To date, it is unknown what swim pacing strategy may be optimal to maximise 

overall MTR performance.  

During the cycling section of a draft legal triathlon, previous research has suggested that 

adopting a variable pacing strategy achieves a faster overall cycle time (Vleck et al., 2008). The 

variable pacing cycling strategy suggests adjusting power output to maintain constant velocity in 

response to varying wind directions, changes in topography, changes in other competitor race 

strategies, and coming into and out of corners or turns. A variable power output most likely 

contributes to maintaining an even pacing strategy over the length of the cycling leg in triathlon. 

This suggestion is in agreement with previous reports of significantly improved triathlon 

performance following a constant-paced cycle compared to freely-chosen pace during SDT 

simulation (Bernard et al., 2009). However, it is important to note that laboratory simulations do 

not reflect actual race drafting and pack dynamics.  Variable velocity has been previously reported 

during ODT cycling with high performance triathletes increasing their velocity until the 20km 

point, with subsequent decrements in velocity until the 33.5km point, and finally increasing their 

velocity thereafter until the end of the 40km section (Vleck et al., 2008). However, this increase 
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in speed at the end of the cycle section maybe detrimental to initial performance during the 

subsequent run section (Wu et al., 2014b; Wu et al., 2015a). 

Reducing cycle velocity towards the end of the cycle section may benefit the run section 

of a triathlon event, a tactic used to conserve energy prior to commencing the run section. Indeed, 

(Wu et al., 2015a) observed a decreased cycle velocity during both ODT and SDT cycling  of 5.6% 

and 4.6%, respectively. However, it was unclear whether this reduction in velocity was intentional 

or the result of a positive pacing strategy. Furthermore, earlier research by Suriano, Vercruyssen, 

Bishop, and Brisswalter (2007) reported that intentionally decreasing intensity during the final 

5min of the a cycle ergometer test leads to an improved running performance of an ODT treadmill 

run in high performance triathletes. 

Performance during the run section of an ODT has been shown to have the highest 

correlation with overall finish position (r=0.71–0.99; r=0.82) (Etxebarria et al., 2021; Le Meur et 

al., 2011). Therefore, implementing the most effective run pacing strategy appears imperative to 

ODT success. Observations during ITU World Cup (WC) ODT events suggest that triathletes 

utilise a positive pacing strategy during the run section of the race (Etxebarria et al., 2021; Le Meur 

et al., 2011; Vleck et al., 2008; Vleck et al., 2006). For example, Vleck et al. (2008) reported that 

elite female (n=35) and male (n=68) triathletes ran faster during the initial 993m of an ODT than 

the remainder of the run sections. Moreover, reductions in running speed of up to -0.7km.h-1 were 

observed during the event, with the more successful triathletes limiting decrements in running 

velocity. Recent ODT research reported that the pacing pattern of elite triathletes during ODT 

running appeared to be a positive pacing pattern. However, further analysis of the results revealed 

that the top eight runners of each race adopted a more even ODT run pacing pattern (Etxebarria et 

al., 2021). 

A fast-initial running speed in the final section of a triathlon may seem counterproductive, 

considering the endurance nature of the run when residual fatigue from the preceding cycle section 

may be at its highest (Vleck et al., 2008). Indeed, Wu et al. (2015a) observed a positive pacing 

strategy during the run section of an ODT event in national level age group triathletes. However, 

the same researchers reported an overall negative pacing strategy during SDT running. Currently 

it is commonly recommended that in order to reduce the onset of fatigue, elite triathletes should 



[16] 

 

adopt a more even run pace during ODT and SDT (Abbiss & Laursen, 2008; Etxebarria et al., 

2021). However, it is not known if this same even pacing strategy applies to MTR racing due the 

much shorter distance of the run section in an MTR event. 

 To date, only one previous study has reported on varying run pace strategies and the 

subsequent effect on overall short distance triathlon performance. Hausswirth et al. (2010) reported 

that during a simulated ODT, improved overall ODT times were achieved when initial run pace 

was -5% of the mean 10km running velocity compared to +5% and -10% of the mean 10km run 

velocity. Interestingly, (Le Meur et al., 2011) reported that up to 39% of male and female triathletes 

at a European national ODT race demonstrated an end-spurt sprint at the end of the run section. 

Similarly, regarding SDT,  Taylor and Smith (2014) demonstrated that by using above maximal 

running speeds of 103% of average 5km run velocity, triathletes were able to obtain an improved 

overall simulated SDT time compared to 100% and 97% mean 5km run velocity. It is important to 

note that the investigators withheld the allocated treadmill speed from the participants. This SDT 

pacing strategy contradicts the even pace strategy suggested for ODT and suggests that brain 

regulation and perception play an important role in run pace regulation in SDT. At present, it is 

not known what the current or optimal run pace strategies are for MTR triathlon. 

In summary the selection and regulation of swim, cycle, and run pacing strategies in 

triathlon is a complex task dependent on many variables. These include environmental factors, 

unconscious and conscious manipulation, fatigue accumulation, race dynamics, other competitors, 

and the race distance itself. Additionally, a triathlete’s ability in each discipline may also affect the 

way that an athlete paces each individual section of the triathlon. Whilst there are a number of 

studies examining the current race strategies for pacing during the swim, bike and run sections of 

ODT and SDT, no research to date has investigated optimal swim, bike and run pacing strategies 

for MTR triathlon. 

1.3. Transitions and Residual Fatigue in Triathlon 

Each of the different sections of triathlon are affected by the characteristics of the preceding 

section. Indeed, the physiological demands of the preceding section of the subsequent sections of 

a triathlon have been shown to affect the subsequent section (Bernard et al., 2003; Millet & Vleck, 

2000). That is, the cycling section may be affected by the previous swim section, and the running 
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section may be affected by the prior cycle section. Characteristics that influence each subsequent 

section during the swim and cycle sections include start pace, pack dynamics, power output, 

pedaling cadence, and cumulative metabolic demands (Bernard et al., 2003; Delextrat, Brisswalter, 

Hausswirth, Bernard, & Vallier, 2005; Peeling et al., 2005). 

Residual fatigue from the prior section may create different physiological responses to 

those observed when each discipline is performed in isolation (Peeling et al., 2005; Vercruyssen 

et al., 2002). The potential residual fatigue and increased energy cost in triathlon compared to 

individual disciplines may be caused by several physiological factors. These include alterations in 

thermoregulation and lipid mobilisation (Guezennec, Vallier, Bigard, & Durey, 1996), reduced 

glycogen availability (Bentley, McNaughton, Lamyman, & Roberts, 2003), reduced ventilatory 

efficiency (Hue, Le Gallais, Chollet, Boussana, & Prefaut, 1997; Vercruyssen et al., 2002), and 

increased anaerobic energy contribution which may in turn increase peripheral fatigue (Danner & 

Plowman, 1995; Jones et al., 2003; Vercruyssen et al., 2002). The following section will discuss 

the implications and strategies surrounding the swim-cycle, and cycle-run transitions of both ODT 

and SDT. 

1.3.1. The Effect of a Preceding Swim on Cycle Performance 

A number of previous studies have described the effect of a preceding swim on cycle performance 

for both ODT (Delextrat et al., 2005; Kreider, Boone, Thompson, Burkes, & Cortes, 1988) and 

SDT cycle sections (Delextrat et al., 2003; Peeling et al., 2005) compared to cycling in isolation. 

All these previous studies observed a negative effect of prior swim participation on subsequent 

cycle performance. For example, historically, Kreider et al. (1988) reported a decrease in 40km 

mean cycle power output of 17% when preceded by an 800m swim, compared to a 40km cycle in 

isolation. Later research by Delextrat et al. (2005) examined the effect of a 1500m swim on 

subsequent 30min cycling at 75% maximal aerobic power (MAP). The researchers observed a 13% 

reduction in gross cycling efficiency and increased metabolic demands (+9% heart rate; +5% VO2; 

+56% BLa) compared to cycling in isolation. Furthermore, the researchers highlighted that the 

majority of these differences were observed at the onset of the cycling exercise and dissipated over 

the length of the 30min of cycling (Delextrat et al., 2005). 
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Similar observations have been reported in research examining SDT swimming and the 

effects on subsequent cycle performance (Delextrat et al., 2003; Peeling et al., 2005). For example, 

researchers reported a 17.5% reduction in gross cycling efficiency when a 15min cycle was 

preceded by a race-pace 750m swim, and compared to matched cycling in isolation (Delextrat et 

al., 2003). Similarly, Peeling et al. (2005) investigated varying the swim intensities during a 

simulated SDT and the subsequent effects these variations had on subsequent SDT cycle 

performance. The swimming intensities included 80-85% (S80), 90-95% (S90), and 100% (S100) 

of prior 750m swim time trial velocity. The researchers reported a significantly faster (-105sec) 

overall SDT time for S80 (3658.1±164.8sec) versus S100 (3763.4±222.1sec). The S80 condition 

also produced a significantly higher gross cycling efficiency than S100. In addition, Peeling et al. 

(2005) noted that although S90 provided a non-significant improvement in overall SDT time, at 

the elite level of competition the difference between first and second place can be as little as 1sec. 

Therefore, in elite triathlon competition, even a small percent improvement in cycling performance 

may have a significant impact on overall race performance. 

Taken together, the above research findings highlight the effect the relative intensity of the 

swim section has on subsequent SDT and ODT cycle performance. These findings emphasise the 

importance of race tactics and pacing in the swim section. Firstly, to attain a good swim exit 

position and secondly, the need to minimize any accumulated fatigue from the swim that may in 

turn negatively impact on subsequent cycle performance. Research has also investigated the 

implications and potential strategies surrounding the cycle-run transitions of both ODT and SDT. 

1.3.2. The Effect of a Preceding Cycle section on Run Performance 

Research has highlighted that run performance during ODT is the major determinant for overall 

ODT success (Etxebarria et al., 2021). When compared to isolated running, triathlon running elicits 

higher mean HR (Guezennec et al., 1996; Millet & Vleck, 2000; Tew, 2005), decreased pulmonary 

compliance (Millet & Vleck, 2000; Vercruyssen et al., 2002), increased energy demand or 

decreased running economy (Boone & Kreider, 1986; Guezennec et al., 1996; Millet & Vleck, 

2000; Tew, 2005; Vercruyssen et al., 2002), increased oxygen consumption, reduced glycogen 

availability (Hue et al., 1997; Millet & Vleck, 2000; Vercruyssen et al., 2002), and a prolonged 

slow component of VO2 kinetics (Vercruyssen et al., 2002). 
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The ability to limit the negative effects of prior cycling on subsequent running remains 

important for overall triathlon performance. Several studies have investigated the influence of 

constant versus variable intensity cycling intensity on subsequent ODT and SDT run performance 

( Bernard et al., 2007; Danner & Plowman, 1995; Lepers, Theurel, Hausswirth, & Bernard, 2008; 

Suriano et al., 2007). Early research investigated the effect of cycling at a constant intensity (70% 

VO2max) for 45min on subsequent 10km run performance compared to 10km running in isolation 

(Danner & Plowman, 1995). The researchers reported a non-significant difference of ~-1% running 

economy as a result of the previous cycle exercise. However, the cycling intensity may not have 

accurately reflected race conditions. More recently, Bernard et al. (2007) investigated the 

physiological effects of cycling at either a constant intensity (CI) or variable intensity (VI) on 

subsequent running performance. VI cycling is commonly observed when overcoming hilly or 

windy conditions, or during aggressive cycling in a triathlon racing context (Vercruyssen et al., 

2002). The investigators reported that 20km of CI cycling produced a significantly improved 5km 

running time compared to VI cycling. In agreement that CI cycling is favorable to subsequent run 

performance, more recent research observed that run time to exhaustion was improved if cycling 

was performed at a CI, compared to VI cycling in seven trained triathletes (Suriano & Bishop, 

2010b; Suriano et al., 2007). 

Research examining the effect of prior cycle cadence on subsequent running for ODT and 

SDT hypothesises that a particular cadence selection may both enhance cycle efficiency and reduce 

the decrement in subsequent run performance (Bernard et al., 2003; Tew, 2005; Vercruyssen et al., 

2002). The proposed mechanism is a reduction in neuromuscular stress through optimally 

recruiting muscle fibers, reducing the required force applied to the crank, lowering the cumulative 

stress on the leg musculature, and reducing the oxygen cost of the cycling task (Neptune & Hull, 

1999; Vercruyssen et al., 2002). 

Early research suggests that pedaling between 50-60rpm may be  more economical for 

triathletes (Marsh & Martin, 1997). However, this conflicts with suggestions that high performance 

and elite cyclists typically pedal between 80-90rpm (Takaishi, Yasuda, Ono, & Moritani, 1996). 

More recent triathlon-related research by Vercruyssen et al. (2002) investigated the effect of three 

different cycling cadence rates (~72rpm; ~82rpm; ~90rpm) while cycling for 30min at a power 
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output that corresponded to 5% above individual VT on subsequent 15min run performance. The 

researchers noted the ~82rpm and ~90rpm conditions produced significantly lower cycling and 

running economy, significantly reduced run stride length, and a significant ~7.2% increase in run 

stride rate. They concluded that ~72rpm was the most energetically favorable cycling cadence to 

optimize subsequent run performance in triathletes. The researchers suggested that the higher 

cadence rates recruited less efficient anaerobic type-II fiber types. Interestingly, the ~82rpm 

condition was the most popular freely chosen cadence which suggests the triathletes perceived this 

to be the energetically optimal cadence for ODT cycling. However, consideration should also be 

given pertaining to individual triathlete anthropometric and metabolic capabilities. 

SDT is shorter in distance compared to ODT. Thus, the relative exercise intensity of the 

cycle and run sections may be higher in SDT (Lepers, Millet, & Maffiuletti, 2001; Lopes, Osiecki, 

& Rama, 2012; Sharma & Périard, 2020). Bernard et al. (2009) investigated 20min cycling at 60, 

80 or 100rpm with an intensity of >80% VO2max and the subsequent effect on 3km outdoor track 

running. The investigators observed a significantly higher stride rate and run velocity during the 

initial 500m of running for 80rpm and 100rpm compared to 60rpm. However, there was no 

significant difference in the time to complete the 3km run. Indeed, the researchers observed a 

reduced ability to sustain a higher percentage of VO2max during the run section for the 80rpm 

(84%), and 100rpm (87%) compared to the 60rpm condition (92%). These findings suggest an 

increased metabolic demand at a higher cycling cadence for SDT. This SDT-related finding 

contradicts the cadences observed to be most beneficial for ODT performance observed by 

Vercruyssen et al. (2002). 

In summary, there appears to be a number of mechanisms surrounding the potential for 

residual fatigue when transitioning from the swim to cycle or cycle to run during both SDT and 

ODT. The potential accumulated fatigue may be either physiological or biomechanical in nature. 

Additionally, decrements in subsequent performance from a preceding section of the triathlon 

appear to be reduced in high performance triathletes as a result of specific transition training and/or 

accumulated race experience. It appears that swimming at ~80-85% of maximum swim velocity 

affords the triathlete a dominant swim position upon exiting the water while reducing the 

accumulated fatigue leading into the cycle section of an SDT or ODT. Moreover, strategies related 
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to cycling cadence selection appear to have no significant effect on subsequent run time, despite 

some significant kinematic and physiological differences between cycling cadences of 60 and 

100rpm. However, it does appear that the relative intensity of the prior discipline, and whether the 

distribution of power is done evenly or variably may also significantly influence subsequent 

physiological and performance measures.  

No research to date has examined these above factors in MTR triathlon. Considering that 

relative cycling intensity appears to be an important factor for subsequent run performance, and a 

decrease in race distance may increase the relative intensity, research that aims to quantify the 

performance and physiological demands and pacing strategies within MTR triathlon is warranted. 

The information obtained from such research may also be used to design specific warm-up 

protocols that may assist MTR triathletes negate potential performance decrements that prior swim 

or cycling may have on run and overall performance in MTR. 

1.4. Effect of a Specific Triathlon Warm-up on Performance  

For any athlete, the purpose of training is to prepare for the demands of competition (Mujika, 

2017). One area that may be important to performance is the addition of a specific warm up prior 

to racing. 

The addition of a warm-up, prior to exercise, is commonly accepted as an effective way to 

physically and mentally prepare for subsequent performance (Bishop, 2003a, 2003b; Boullosa, 

2021; Boullosa, Del Rosso, Behm, & Foster, 2018). The benefits of warming up include both 

metabolic and cardiovascular benefits (Bishop, 2003a, 2003b; Boullosa, 2021; Brady, Harrison, 

Flanagan, Haff, & Comyns, 2020). These include an increased core and muscle temperature, 

elevation of baseline VO2, and improved VO2 kinetics by decreasing the VO2 slow component 

(Boullosa, 2021; Skof & Strojnik, 2007; Woods, Bishop, & Jones, 2007). Performance 

enhancement is more consistent when movements are biomechanically similar to the movement 

of the intended competitive effort (Feros, Young, Rice, & Talpey, 2012; Munro, Stannard, Fink, 

& Foskett, 2017).  

There are two main constraints regarding pre-competition warm-ups in endurance athletes. 

Firstly, preventing any warm-up induced fatigue or fuel depletion; and secondly, optimising the 

time between warm-up completion and the beginning of competition. For example, metabolic 
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acidosis (BLa=5.1±1.4mmol.L-1) and  glycogen depletion pre-competition have been shown to be 

associated with impaired subsequent performance (Bishop, 2003a, 2003b; Lopes et al., 2012; 

Prieske, Behrens, Chaabene, Granacher, & Maffiuletti, 2020). Additionally, if the time between 

warm-up completion and the commencement of competition is too long, then the magnitude of the 

effectiveness of the warm-up may be reduced (Jones et al., 2003; Ktenidis et al., 2020; Prieske et 

al., 2020). 

To date, only one study has investigated the effect of warming up prior to a simulated SDT 

in a sample of seven male amateur triathletes (Binnie, Landers, & Peeling, 2012). The researchers 

compared the performance effects of a swim only warm-up, a run-swim warm-up, and a no warm-

up condition across three simulated SDTs, in a randomised cross-over design. The investigators 

reported no significant difference in swim or overall SDT performance. However,  Binnie et al. 

(2012) noted several limitations within the study. Firstly, the level of athlete may not have been 

high enough to detect meaningful changes in subsequent performance following warm-up. 

Secondly, the researchers noted that the time between warm-up and simulated SDT 

commencement may have been too short. Thirdly, the intensity of the warm-ups may have been 

too low, and further inhibited by the addition of static stretching. Finally, no bike warm-up was 

included. This final limitation may have implications as the bike section is prior to the run section 

in triathlon, and the specificity of a high-intensity cycle warm-up may be more relevant to both 

cycling performance and overall SDT performance.  

Previous research has investigated the effect of high intensity warm-ups on 200m 

swimming and sprint cycling in isolation. Robergs et al. (1990) investigated the effects of a high 

intensity warm-up on 200m freestyle in eight highly-trained male swimmers. The successful 

warm-up protocol included an intensity of up to 111% VO2max during 4x50m front crawl efforts 

and 5–10min recovery prior to a 200m front crawl sprint. Compared to a control (no warm-up) and 

a warm-up of up to an intensity of 120% VO2max, the 111% VO2max protocol significantly 

improved 100m swim sprint time by 0.75sec. More recently, McGowan, Thompson, Pyne, Raglin, 

and Rattray (2016) reported that sprint swimming performance was improved following a dryland 

swim warm-up when compared to a no warm-up control. The researchers reported significant 

improvement in 100m freestyle times (−0.68±0.34%) in 16 competitive swimmers following the 

dryland warm-up compared to the no warm-up control condition.  
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Previous research has also examined the effect of prior warm-up on subsequent cycling 

performance. For example, Munro et al. (2017) investigated the effect of 4x4sec high-inertia 

dynamic crank-cycles (DYN) and 4x5sec maximal isometric voluntary contractions (ISO) in six 

(2F; 4M) international level sprint cyclists. Compared to both the control and the ISO conditions, 

at 4min post warm-up, the DYN condition improved the standing start to maximum cycling 

velocity performance time significantly by 3.9%. The researchers also reported that the ISO 

condition was 82% more likely to improve the optimal cadence and 76% more likely to improve 

the average power 16min post warm-up compared to the control condition. Taken together, the 

available research suggests that subsequent sprint swimming and cycling is improved when a prior 

high intensity, and importantly, movement specific warm-up, is completed. 

In conclusion, it appears that it may be important for a triathlete’s success that they 

undertake a sport-specific and high intensity warm-up prior to competition, particularly in events 

with high metabolic demands. However, few studies have examined the effects of warm-up on 

triathlon performance and no research to date has examined the effect of a specific high intensity 

swim, cycle, or run warm-up on MTR performance. Higher intensity specific warm-up strategies 

appear to be effective for both 200m swimming and sprint cycling, with consideration given to 

preventing any undue fatigue and have the appropriate time in between warm-up and competition. 

Importantly, in a review by Neiva, Marques, Barbosa, Izquierdo, and Marinho (2014), it was 

suggested that if a warm-up  intends to be performed at a high intensity, it should be progressive 

up to the highest intended intensity, and be intermittent in design and implementation. Such a 

warm-up may decrease the risk of detrimental acidemia or fuel depletion, whilst still reducing the 

VO2 slow component and priming the neural input of the working muscle groups. Given the shorter 

distance of MTR the unique sprint-start prior to diving into the swim for team members two, three 

and four, and the theoretically increased intensity of MTR (Sharma & Périard, 2020), research on 

specific high intensity warm-up interventions tailored to the demands of MTR is warranted. 

1.5. Summary and Key Gaps in the Literature  

It is clear from the above narrative review that successful performance in ODT and SDT is both 

complex and multifactorial and thus difficult to understand from a sports science perspective. 

Complexities exist due to the varying race distances, the three different race sections of the event, 
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and the requirement to link the three sections sequentially. A significant body of previous research 

has examined the performance, physiological, and pacing demands of both ODT (1.5km swim, 

40km cycle, & 10km run) and SDT (750m swim, 20km cycle, & 5km run). However, no research 

to date has examined the performance, physiological, and pacing demands of MTR (250-300m 

swim, 6–8km cycle & 1.6–2.0km run). 

Due to the rapid increase in the popularity of ODT and SDT since the sports inception in 

1974 there has been an increased focus on the performance, physiological, and pacing demands, 

residual fatigue, transitioning between sections, and SDT warm-up interventions on ODT and SDT 

performance (Aoyagi et al., 2021; Bentley et al., 2008; Binnie et al., 2012; Lepers et al., 2013; 

Strock et al., 2006; Walsh, 2019). However, there is no research examining these same factors 

related to MTR. Moreover, since the recent inclusion of MTR triathlon at the Tokyo 2020 Olympic 

Games, it appears that such research is of high ecological value to high performance triathletes, 

coaches, and sports scientists to enable the development of training and performance strategies to 

achieve international success in MTR.  

Based on the above review, several conclusions can be drawn. Firstly, the physiological 

demands of short course triathlon include a high relative VO2max (Almquist et al., 2020; Millet et 

al., 2011; O’Toole & Douglas, 1995) a high relative AT (VT or LT) (Basset & Boulay, 2000; Poole 

et al., 2021; Suriano & Bishop, 2010a), and a high economy of motion (Garcia-Pinillos et al., 2016; 

O’Toole & Douglas, 1995). However, it is not yet known what the corresponding values for MTR 

triathlon success may be. Secondly, previous research has examined the pacing strategies during 

each section of ODT and SDT. It appears that the best strategy during the swim section of ODT 

and SDT for a triathlete is to start fast, draft behind a stronger swimmer, and to then reduce the 

velocity towards the end of the swim leg (Bentley et al., 2007; Bernard et al., 2009; Wu et al., 

2015a). This will reduce passive drag, conserve energy and afford a swim exit amongst the first 

cycling pack (Hausswirth & Brisswalter, 2008). However, triathletes during the swim section of 

both ODT and SDT appear to adopt either an even or a positive pacing strategy (Peeling et al., 

2005; Wu et al., 2014a; Wu et al., 2015a). During the cycle section of both ODT and SDT previous 

research suggests triathletes adopt a variable pacing strategy in order to maintain velocity and 

remain within the first pack (Vleck et al., 2008; Wu et al., 2015a). However, a more even pace 



[25] 

 

may reduce the energy demand during cycling (Bernard et al., 2009). Additionally, it may be 

advantageous to reduce cycle velocity during the final 5min of the cycling section to conserve 

energy prior to running (Suriano et al., 2007). However, it may not be possible to evenly pace or 

reduce velocity intentionally due to the influence of topography and other competitors (Bernard et 

al., 2009; Wu et al., 2015a). Finally, it is recommended that an even run pacing strategy is used 

during the run section of both SDT and ODT (Abbiss & Laursen, 2008; Etxebarria et al., 2021), 

or a slightly negative strategy (Hausswirth et al., 2010), in order to minimise fatigue accumulation 

and maintain velocity. However, it has been previously observed that, during World Cup ODT, 

most triathletes choose to use a positive run pacing strategy (Etxebarria et al., 2021; Le Meur et 

al., 2011)). This may be due the influence of competitors at the end of the cycle section (Wu et al., 

2014b; Wu et al., 2015a). To date, no research has examined pacing strategies during the MTR 

triathlon. Considering the significantly shorter distance of the MTR event and the possible higher 

race intensity compared to both ODT and SDT, research investigating MTR pacing is warranted. 

Thirdly, previous research has investigated the implications of residual fatigue as a 

consequence of the transition from one race section to another during ODT and SDT (Bernard et 

al., 2003; Millet & Vleck, 2000). This is due to an altered physiological state in triathlon cycling 

or running as a result of accumulated fatigue compared to cycling or running in isolation (Peeling 

et al., 2005; Vercruyssen et al., 2002). Therefore, previous research has attempted to identify racing 

strategies in order to minimise the effects of residual fatigue between sections during both ODT 

and SDT. Firstly, during the swim section, drafting is a tactical advantage in order to minimise 

fatigue during the initial phase of the cycle section (Peeling et al., 2005). Secondly, it has been 

observed that constant intensity cycling, as opposed to variable intensity cycling, may be 

advantageous to subsequent running performance during both ODT and SDT (Suriano & Bishop, 

2010b; Suriano et al., 2007). Moreover, higher level or more experienced triathletes appear to 

experience less of a decrement during subsequent running than their novice counterparts (Bonacci 

et al., 2010; Chapman, Vicenzino, Blanch, Dowlan, & Hodges, 2008). However, at present no 

research has examined these factors in relation to performance in the MTR triathlon. 

Fourthly, limited previous research has investigated the effect of a triathlon-specific warm-

up on ODT performance concluding that a specific warm up failed to improve ODT performance. 
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However, the intensity and lack of triathlon specificity were limiting factors in that previous 

research (Binnie et al., 2012). Thus, a study examining the effect of a sport specific and high 

intensity warm-up intervention on subsequent performance has yet to be undertaken for MTR 

triathlon.  

1.6. Rationale of Proposed Research 

There is a considerable body of research literature investigating many factors related to the short 

distance triathlon events of ODT and SDT. From this body of work, there are clear areas of focus 

and importance to sports scientists, coaches, and triathletes that inform both race preparation and 

race tactics. These areas of focus include the performance demands, physiological demands, 

tactical demands, and race day preparation such as race specific warm-ups. However, to date no 

research has examined any of these key areas of performance in the MTR distance. 

Given the much shorter distances of each section of a MTR, and shorter distance of MTR 

compared to ODT and SDT, the intensity of each section and the overall MTR may be much 

higher. As such, it is crucial to understand the performance and physiological demands of MTR in 

order to effectively and safely implement optimal training, racing, and race day strategies 

(Etxebarria, D'Auria, et al., 2014b; Etxebarria et al., 2021). Furthermore, as MTR has recently 

been included in the Olympic program, it is logical to suggest an increased global participation in 

MTR into the future. Additionally, as the event matures, the possibility of specialist MTR 

triathletes focused on MTR gold medal success, rather than the current practice of the ODT team 

making up the MTR team. Therefore, there is a need to provide a scientific foundation of the basic 

information of the demands of MTR which may also provide grounds for further research as the 

sport of triathlon and MTR evolves. 

1.7. Primary Aims of Thesis 

There are three primary aims of the current project and associated series of three papers. 

Firstly, to systematically review and compare and contrast the performance, physiological, 

and pacing demands of ODT, SDT, and MTR in the context of a complete race or simulation. 



[27] 

 

Secondly, to quantify the relative performance and physiological demands of a complete 

simulated MTR triathlon, and compare this data to a relevant maximal swim, cycle, and run test 

conducted in isolation. 

Finally, informed by the second study, to investigate the effects of three specific warm-up 

protocols that may enhance MTR performance. In particular, a progressive high intensity 

intermittent swim-cycle warm-up, and a plyometric/circuit style dry-land warm-up, and their 

effects on sMTR performance in a group of high performance and elite triathletes. 

 

1.8. Methodological Overview 

In order to address the primary aims of the present thesis, three papers were developed. The first 

is a systematic review of the available published research relevant to the aims of the thesis. 

Subsequently, two papers will present the outcomes of two studies undertaken to first examine 

performance and physiological demands and pacing strategies of MTR and then, based on the 

results of that study, develop and examine the effectiveness of a progressive high intensity 

intermittent swim-cycle warm-up strategy and in enhancing MTR performance in high 

performance and elite triathletes.  

Firstly, a systematic appraisal (Paper 1) and critical discussion regarding the current body 

of literature related to the performance, physiological, and tactical demands and determinants of 

success during ODT, SDT, and MTR triathlon was undertaken. The systematic review adhered to 

the Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) (Page et al., 

2021), minus meta-analysis. This review comprises chapter two of the present thesis and has been 

submitted for review in the journal Sports Medicine. 

The second paper (Study 1) is the first laboratory-controlled study working with high-

performance triathletes and coaches to examine the performance and physiological demands and 

pacing strategies of the swim, cycle, and run sections during a simulated MTR triathlon. 

Performance and physiological data were collected during a critical swim speed test, a maximal 

cycle laboratory test, and maximal treadmill laboratory test. The performance and physiological 

demands and associated pacing strategies adopted during the sMTR were then related to the 
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variables measured during the individual maximal tests. This study comprises chapter three of the 

current thesis and has been submitted for review in the European Journal of Sports Sciences. The 

outcomes of this study then informed Study 2. 

Finally, the third paper (Study 2) reports on the outcomes of a study that examined the 

effect of two different triathlon specific and high intensity warm-up protocols on sMTR triathlon 

performance compared to a moderate intensity aerobic warm-up. The warm-up was informed by 

the outcome of the previous study with input from previous warm-up literature and the strong input 

of both a research academy sport scientist and an Olympic triathlon coach who engaged his high 

performance and elite triathlon squad in the study. The intensities of the high intensity warm-up 

protocols were individualised for each triathlete based on prior cycle power testing. This study 

comprises chapter four of the present thesis and has been submitted for review in the European 

Journal of Sports Sciences. 

1.9. Research Questions and Hypotheses 

To achieve the above stated aims, a series of research questions were developed. 

1.9.1. Paper 1: Systematic Review 

Title: Comparing the Performance, Physiological, and Pacing Demands of Olympic Distance, 

Sprint Distance, and Mixed Teams Relay Triathlon: A Systematic Review. 

Research question: What does the current research literature identify as the critical performance, 

physiological, and pacing demands, and the effect of previous disciplines on subsequent section 

and overall short distance triathlon performance during a complete simulated or ODT, SDT, and 

MTR race? 

1.9.2. Study 2: Observational 

Title: Quantifying the Relative Performance and Physiological demands of Simulated Mixed 

Teams Relay Triathlon. 

Research questions: Within a group of high-performance MTR triathletes, what are the 

performance, physiological, and pacing demands during simulated MTR triathlon relative to 

individual maximal tests? How do these compare to similar data from ODT and SDT? 
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Experimental hypothesis: Simulated MTR will be performed at a high sustained intensity relative 

to individual maximal tests and at a higher compared to that previously reported for both ODT and 

SDT. 

1.9.3. Study 3: Intervention 

Title: The Effect of a Specific High Intensity Warm-up on simulated Mixed Teams Relay Triathlon 

Performance.  

Research question:  What benefit will an individualised high intensity intermittent triathlon 

specific swim-cycle or plyometric/dryland circuit pre-race warm-up have on overall simulated 

MTR performance compared to a moderate aerobic warm-up? 

Experimental hypothesis: Simulated MTR performance will be improved using high intensity 

intermittent triathlon specific pre-race warm-up compared to a moderate aerobic warm-up. 

A visual representation demonstrating the flow and position of each chapter, how each chapter fits 

into the thesis timeline and structure, and informs the subsequent chapter is presented below 

(Figure 1.2). 
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Figure 1. 2: Flow chart demonstrating the position of each chapter, how they fit into the thesis timeline and 

structure, and informs the subsequent chapter. 

  

Chapter 5: General Summary, Practical Implications, and Directions for 
Future Research

Summarise the key findings of chapters two, three, and four. Additionally, based on the key research 
findings, suggest research into practice implications, and suggest directions for future MTR research. 

Chapter 4: Intervention Study

Reports on the performance and physiological data following two different HI warm-ups versus a 
moderate aerobic warm-up during simulated MTR, in  an elite population.

Chapter 3: Observational Study

Reports on the controlled maximal test data in terms of relative percentages to the relevant 
simulated MTR section. Data is inclusive of both performance and physiological variables.

Chapter 2: Systematic Review

A systematic appraisal and critical discussion regarding the current body of literature related to 
the performance, physiological, and tactical demands, and determinants of success during ODT, 

SDT, and MTR triathlon.

Chapter 1: Introduction and Narrative Review

Introduce the key areas of interest of ODT and SDT triathlon in a narrative review fashion in 
order to identify the key gaps in the literature, subsequently informing the series of proposed 

PhD studies.
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This chapter is an exact copy of the manuscript that has been submitted for review to the journal 

Sports Medicine, with the exception of font formatting and referencing style. Sports Medicine 

Impact factor: 4.092; Quartile 1 in Sports Science (2020). 

 

The font formatting and referencing style has been altered to match that consistent with the thesis 

formatting guidelines of Bond University.  

Referencing format has been altered to conform to APA 6th edition in order to maintain 

consistency of referencing style throughout the thesis. 

The references in this manuscript are not contained in a reference list at the end of this chapter. 

All references are included in a whole of thesis reference list at the end of this thesis. Figure 

numbers in this manuscript have been altered to align with chapter numbers. 
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2.0. Chapter 2 Pre-amble 

The introduction and narrative review of literature presented in Chapter 1 revealed three primary 

areas of focus in the triathlon literature relevant to this thesis. These include the performance and 

physiological demands, pacing strategies, and the effect of previous disciplines on subsequent 

section and overall Olympic and sprint distance (ODT; SDT) triathlon performance. Chapter 1 

also revealed that triathlon is a complex, multidisciplinary endurance sport that requires a variety 

of interactions between various physiological systems. Finally, and importantly, the narrative 

review revealed that the successful interlinking of the triathlon sections, swim, cycle and run, is 

important for overall triathlon success. Therefore, to successfully implement effective training and 

race strategies, it is crucial that sport scientists, coaches and triathletes understand the performance 

and physiological demands, pacing demands, and the effect of previous disciplines on subsequent 

sections. 

The existing research highlights that VO2max is suggested to be highly predictive of both 

ODT and SDT performance. The research also strongly suggests that during both ODT and SDT 

swimming, high performance triathletes require a fast start and subsequent reduction in effort to 

below ~90% of their maximal aerobic speed. Cycling in both ODT and SDT has been shown to be 

highly variable due to course topography and the influence of other competitors. Finally, a slight 

negative pacing strategy during the run section of both ODT and SDT has been shown to influence 

run performance. However, observational research suggests that elite triathletes appear to 

positively pace during the run sections of both ODT and SDT, possibly due to the influence of 

other competitors. Finally, and importantly, the available research highlights that the cycle and run 

sections of both ODT and SDT are affected by the characteristics and demands of the preceding 

section. For example, both ODT and SDT cycling has a reduced efficiency following the preceding 

swim sections. Similarly, the energetic cost of running is increased following a preceding cycle. 

However, run performance is less effected when cycle power variability is reduced.  

The primary aim of the following systematic review is to examine and discuss the performance, 

physiological, and pacing demands, and the effect of previous disciplines on subsequent section 

and overall short distance triathlon performance during ODT, SDT, and MTR. 
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2.1. Abstract 

The aim of the present review is to discuss the currently available research literature that has 

investigated the performance, physiological, and pacing demands of a complete short distance 

triathlon race or simulation that include the Olympic distance (ODT), sprint distance (SDT), and 

mixed team relay (MTR) triathlon. The inaugural Olympic MTR event was recently held at the 

Tokyo 2020 Olympics. The review followed the Preferred Reporting Items for Systematic Review 

and Meta-Analysis guidelines. Due to the unique multisport characteristics of short distance 

triathlon racing, there are several key determinants reported for success. These include the ability 

to sustain high intensity outputs during sequential exercise modes, an optimal pacing strategy, and 

the ability to tolerate the potential negative effects that a previous section of the race has on the 

subsequent section. ODT swimming is completed at a sustained intensity above that observed at 

the onset of blood lactate accumulation. Subsequent ODT cycling is similarly completed at a high 

physiological load when measures of blood lactate concentration ([BLa]) and percent of maximum 

heart rate (%HRmax) are measured. Additionally, ODT cycling exhibits frequent and high 

variations in power output. Finally, ODT running performance is correlated the most strongly with 

overall ODT performance and requires triathletes to sustain a fast run pace and exhibit fatigue 

resistance measured as the maintenance of stride length. SDT performance appears to be 

completed at a higher sustained physiological load than ODT based on measures of %HRmax and 

[BLa]. The effect of the previous discipline on subsequent performance seems to be strongly 

influenced by how the triathlete paces their swim, cycle, and run during both ODT and SDT races. 

Importantly, drafting during the cycle benefits both ODT and SDT cycle and subsequent run 

performance. No research to date has examined any aspect of the new Olympic sport of MTR 

triathlon.  

Keywords 

Triathlon, physiology, pacing, review, demands. 
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2.2. Introduction 

Triathlon is a unique multi-disciplinary sport in which triathletes are required to sequentially 

complete a swim, cycle, and run section (Bentley et al., 2002;). Short distance triathlons include 

the Olympic distance triathlon (ODT; 1.5km swim, 40km cycle and 10km run), sprint distance 

triathlon (SDT; 750m swim, 20km cycle and 5km run), and the mixed teams relay triathlon (MTR; 

300m swim, 8km cycle, 1.6km run) (Bentley et al., 2002; ITU, 2018; Wu et al., 2015a). The 

inaugural Olympic MTR competition was held during the recent 2020 Tokyo Olympic games.  

A number of reviews have reported the physiological and performance, pacing and tactical 

demands during triathlon (Bentley et al., 2002; Hausswirth & Brisswalter, 2008; Hausswirth & 

Lehénaff, 2001; Millet et al., 2011). Elite short distance triathlon requires specific physiological 

demands similar to the individual sports triathlon is comprised of (Vleck et al., 2006). For example, 

sustained metabolic work intensities of 65-80% of VO2peak have been previously reported for both 

ODT and SDT (Bernard et al., 2003; Vercruyssen et al., 2002). Additionally, high values of 

VO2peak, and fractional VO2 at ventilatory threshold (VT) have been shown to be important for 

success during ODT and SDT (Hausswirth & Lehénaff, 2001; Papavassiliou et al., 2019). 

Moreover, it is the ability to sustain a high intensity during sequential exercise modes which 

appears most critical for short course triathlon success (Millet et al., 2011; Millet et al., 2003). 

 Whilst possessing high physiological capabilities during short distance triathlon are 

important for success, determining the optimal pacing and drafting strategy may also be a key 

determinant of overall race performance (Etxebarria et al., 2021; Hausswirth & Brisswalter, 2008; 

Le Meur et al., 2011; Wu et al., 2014b; Chatard, Chollet & Millet, 1998). Pacing is defined as the 

manipulation of effort throughout an exercise task to optimise performance or delay the negative 

effects of cumulative fatigue ( Chatard, Chollet & Millet, 1998; Abbiss & Laursen, 2008; Le Meur 

et al., 2011). Drafting behind another athlete to reduce drag and increase economy of effort is a 

tactic permitted during elite level short distance triathlon (Abbiss & Laursen, 2008; Bentley et al., 

2002). During the swim stage, drafting has been shown to both reduce passive drag and conserve 

energy by up to 26% (Bentley et al., 2002; Chatard & Wilson, 2003). Furthermore, drafting during 

the cycle stage of a triathlon has previously been reported to have favorable energetic savings of 

up to 9.5% VO2, which may benefit the subsequent run section (Hausswirth et al., 2001). Currently, 
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although it may be recommended that triathletes should pace the run section of an ODT negatively, 

recent elite ODT research reported that the pacing pattern of triathletes during elite ODT running 

appeared to be a positive pacing pattern. However, further analysis of the results revealed that the 

top eight runners of each race adopted a more even ODT run pacing pattern (Etxebarria et al., 

2021). 

 Due to the unique multisport characteristics of short distance triathlon racing, research has 

highlighted that there may be an effect of the prior section on subsequent performance. Indeed, it 

has been reported that when compared to running in isolation, a triathlon run following prior 

cycling costs up to 20mlO2.kg-1.km-1 above that observed when running in isolation (Hausswirth 

& Lehénaff, 2001; Hausswirth et al., 2001). Varying race distances and durations may therefore 

affect the performance, physiological, and pacing demands during triathlon (Millet et al., 2011). 

Although the demands of ODT and SDT triathlon have been previously reported, these demands 

have yet to be examined in relation to the new MTR format. Therefore, the present systematic 

review aims to examine and discuss the performance, physiological, and pacing demands of ODT, 

SDT, and MTR in the context of a complete race or simulation. Moreover, the review will also 

examine and discuss the effect of previous disciplines on subsequent sections of the events and 

overall short distance triathlon performance. 

2.3. Methodology 

2.3.1. Methods for citation collection 

The methodology followed the Preferred Reporting Items for Systematic Review and Meta-

Analysis (PRISMA) guidelines (Moher, Liberati, Tetzlaff, & Altman, 2010; Page et al., 2021), 

excluding meta-analysis. The PRISMA flow diagram (Figure 2.1 – see over page) was used to 

track and report the identification of relevant studies and assign the agreed-upon inclusion and 

exclusion criteria to eliminate research papers.  

The primary aim of this systematic review is to discuss the performance, physiological, 

pacing and demands, and the effect of previous disciplines on subsequent section and overall short 

distance triathlon performance. In order to accurately reflect these demands, only research that 

reported during complete ODT, SDT or MTR triathlon races or simulations were included. Three 
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primary sports literature databases (PubMed, SPORTDiscus, and Embase) were used to gather the 

body of literature. The search strategy was built on the core concepts of “triathlon”, key 

“physiological concepts (e.g., VO2max, aerobic and anaerobic capacity etc.)” and “demands 

(physical or tactical)”. Secondly, sub-divided into each of the three triathlon disciplines (swim, 

cycle, run), MeSH terms relevant to key performance variables (e.g., swim-velocity, cycle power-

output, run-velocity etc.) were included. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 1: PRISMA flow diagram and article quantity to track and report the identification of relevant 

studies (Moher et al., 2010; Page et al., 2021). 

2.3.2. Screening procedure 

Papers were included if they reported direct measures of physiological-, metabolic- or 

performance-related variables, reported measures of race pacing or race tactics, included adults 

(18-40years) at a recreational to elite level, and reported on a complete ODT, SDT or MTR race 

or simulation. Papers were excluded if they reported on any nutritional, equipment/technology or 

gym intervention, had a medical, biomechanics or injury focus, reported on distances greater than 
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ODT, undertook an incomplete triathlon race or simulation, any review format, focused on 

psychology other than race pacing and race tactics, or used a para-triathlete sample population. 

Once the database search citations were identified, following PRIMSA methodology in a 

stepwise fashion (Figure 2.1), two researchers (RP and AE) independently appraised the studies 

using the above inclusion and exclusion criteria to eliminate research papers. A third researcher 

(PR) was called upon to mediate any conflicts for paper inclusion or exclusion.   

 Step one required citations, following duplicate removal, to be screened only by the 

research papers’ title. Second, the remaining citations were further screened using the abstract 

only. Third, research papers were screened using the full text article. Finally, the remaining 

research papers’ information relating to the key performance, physiological, pacing and tactical 

demands observed during ODT, SDT, and MTR triathlon racing was extracted to synthesise for 

review. Risk of bias was assessed using the Cochrane risk of bias tool (Moher et al., 2010). 

2.4. Results 

Of the 21 research papers that met the inclusion criteria, there were three major areas that appeared 

to be the primary focus. Thus, papers were further separated into either performance, 

physiological, and metabolic demands, pacing strategies, or the effect of the previous discipline 

or section. None of the 21 papers had examined any of these three areas for MTR. 

 Ten research papers focused on examining or investigating the performance, physiological, 

and metabolic demands of short distance triathlon racing. Ten had discussed the performance, 

physiological, and metabolic demands relevant to ODT and SDT (Aoyagi et al., 2021; Bernard et 

al., 2009; Etxebarria et al., 2014b; Gadelha et al., 2020; Garcia-Pinillos et al., 2016; Landers, 

Blanksby, & Ackland, 2011; Lopes et al., 2012; Papavassiliou et al., 2019; Puccinelli et al., 2020; 

Vleck et al., 2006).  

 Seven research papers focused on examining or investigating different pacing strategies in 

short distance triathlon relevant to ODT and SDT (Cala, Veiga, Garcia, & Navarro, 2009; 

Etxebarria et al., 2021; Hausswirth et al., 2010; Hausswirth, Lehénaff, Dréano, & Savonen, 1999; 
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Hausswirth et al., 2001; Landers et al., 2011; Le Meur et al., 2011; Peeling et al., 2005; Vleck et 

al., 2008; Wu et al., 2015a; Wu et al., 2015b). 

 Finally, four research papers focused on investigating the effect of the previous discipline 

or section on the performance of the subsequent section (Cala et al., 2009; Hausswirth et al., 1999; 

Hausswirth et al., 2001; Landers et al., 2011). Two papers were relevant only to ODT and two 

papers relevant to SDT. 

2.5. Discussion 

2.5.1 Performance and physiological demands 

Elite triathlon competition has unique performance and physiological demands (Vleck et al., 

2006). In order for athletes to perform and train optimally, it is imperative that sports scientists 

and coaches are able to quantify these demands specific to the different triathlon distances as well 

as each of the three sections within these different triathlon races (Etxebarria, et al., 2014).  

Olympic distance triathlon 

Bentley et al. (2002) reported the overall ODT race times for the top 10 male and females from 

the 2001 International Triathlon Union (ITU) World Championships. The mean overall race time 

for the top 10 males was 1:48:33±0:00:49 (hh:mm:ss), significantly faster than the female top 10 

mean race time of 2:01:15±0:01:54. Additionally, the standard deviation of the top 10 male and 

female mean finishing times are reported to be  <1.0% and <1.5%, respectively. This finding 

highlights the practical significance of gaining any small percent improvement in each of the three 

interlinked sections of an ODT. 

ODT Swimming 

 Triathlon swimming requires both high aerobic capacity and exercise efficiency (Bentley 

et al., 2002). However, research has shown that, due to the multi-sport training nature of triathlon, 

triathletes tend to be less efficient than pool swimmers (Toussaint, 1990). Indeed, elite triathletes 

have been shown to have 36% lower propulsion efficiency during freestyle swimming compared 

to national and international level swimmers (Chatard, Senegas, Selles, Dreanot, & Geyssant, 

1995; Toussaint, 1990). However, triathlon swimming conditions are unlike that of pool 
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swimming. For example, triathlon swimming is done in mass starts with no lane structure, the 

potential use of wetsuits, drafting, and typically in open water conditions (Vleck et al., 2006). 

Two previous research papers have observed the performance and physiological demands 

of ODT swimming. Firstly Vleck et al. (2006) quantified the swimming velocities (m.sec-1) of 24 

male triathletes at an ITU World Cup (WC) event. Additionally, the researchers determined the 

relationship of swimming velocity to overall ODT performance.  The 24 triathletes were split into 

a top 50% group and bottom 50% group based on race finishing position. Mean swimming velocity 

did not differ significantly (1.31±0.02m.sec-1 vs. 1.29±0.04m.sec-1) for top 50% and bottom 50%, 

respectively. However, the top 50% group swam significantly faster at both the 222m and 496m 

markers which may have influenced overall swim finish position. The researchers concluded that 

at the elite level, swim finish position may be determined within the first 500m of the race and 

thus have implications for both ODT race and training strategies.  

 Secondly, Lopes et al. (2012) quantified ODT race intensity using heart rate (HR) and 

blood lactate concentration ([BLa]) after simulated ODT swimming. The investigators reported a 

mean %HRmax (±SE) of 85.2±1.5% and a mean [BLa] of 5.8±0.4mmol.L-1 following the 1500m 

swim. This data suggests high intensity demands during ODT swimming, whereby triathletes 

exhibit a physiological threshold above the onset of blood lactate accumulation (OBLA; 

[BLa]>4.0mmol.L-1) where metabolic by-product production has surpassed the rate at which 

buffering can occur (Lopes et al., 2012). Understanding these physiological demands during ODT 

swimming may help inform training strategies to improve both cardiovascular efficiency and 

buffering capacity in high performance triathletes. 

 More recent research has quantified performance cut off points, important physiological 

characteristics, and relative race intensity for ODT swimming (Aoyagi et al., 2021; Gadelha et al., 

2020; Puccinelli et al., 2020). Recently, Gadelha et al. (2020) analysed the swim speed data from 

1191 ITU World Triathlon Series (WTS) races and four Olympic events in both male and female 

triathletes. The researchers reported that, in order to achieve a top three race position, the overall 

mean male swim time should aim to be 19.5min, or swam at a mean swim pace of 1:18min.100m-

1. Furthermore, the female standard for a top three race position was reported as a mean swim time 

of 20.1min, or swam at a mean swim pace of 1:23min.100m-1. This is supported by the work of 
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Puccinelli et al. (2020) who reported that a high maximum aerobic speed predicts ODT swim 

performance success. Finally, and more recently, Aoyagi et al. (2021) observed that national level 

triathletes perform the swim section of an ODT race at an intensity of 89.8±3.7%, of the maximum 

HR measured during a stand-alone maximal swim test. 

 In summary, successful ODT swim performance demands the ability to finish in the top 

50% of swimmers during the event and race at a swim intensity that is above OBLA, particularly 

during the first 500m (Bentley et al., 2002). Consequently, this finding suggests a high 

physiological demand and disruption to triathlete homeostasis following the swim section of an 

ODT (Lopes et al., 2012). In order to further assess the demands of ODT, subsequent cycling 

performance and the associated physiological demands need to be discussed. 

ODT Cycling 

Triathlon cycling during an ODT typically exhibits large variability of race dynamics, 

course topography and the potential residual effect of the prior swimming section (Vleck et al., 

2006). Before linking the effect of swim to cycle later in this review, it is important to quantify the 

performance and physiological demands of elite ODT cycling in isolation (Etxebarria et al., 

2014b). Previously been reported that triathletes record large power fluctuations ranging from 0W 

to well in excess of laboratory- assessed maximal aerobic power (MAP) (Etxebarria et al., 2014).  

 Historically, Vleck et al. (2006) quantified the cycling speeds (km.h-1) of 24 male 

triathletes at an ITU WC event. Additionally, the researchers determined the relationship of cycling 

speed to overall ODT race performance. The 24 triathletes were split into a top 50% group and 

bottom 50% group based on overall ODT race finishing position. Mean cycling speed did not differ 

significantly (38.6±0.2km.h-1 vs. 38.6±0.4km.h-1) for top 50% and bottom 50% of competitors, 

respectively. However, there was a significant and high correlation (r=0.62, p=<0.01) between 

final lap speed and positions gained prior to running. Interestingly, the investigators reported that 

the triathletes who cycled fasted during the final lap performed poorer in the swim section, 

suggesting this may have been a function of “catching up” to the faster swimmers.  

 More recent research has quantified race intensity using HR and [BLa] after simulated 

ODT cycling and reported a mean %HRmax (±SE) of 86.3±0.9% and a mean [BLa] of 
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6.9±0.7mmol.L-1 (Lopes et al., 2012). These HR and [BLa]  values are similar in intensity to those 

also reported for swimming by Lopes et al. (2012), again highlighting that ODT cycling is 

performed at a sustained high intensity. 

 Several papers have examined both the overall physiological demands and variability of 

these demands during ODT cycling (Aoyagi et al., 2021; Bernard et al., 2009; Etxebarria, et al., 

2014b; Gadelha et al., 2020; Puccinelli et al., 2020). Earlier research quantified the variability and 

distribution of the cycle power outputs (PO) relative to HR from a single ODT WC race (Bernard 

et al., 2009). Prior to the race, ten (5M; 5F) elite triathletes had their cycling VO2max, ventilatory 

thresholds (VT1; VT2), and MAP assessed in a laboratory.  Four intensity zones were used to 

categorise relative HR and power demands: PO less than VT1 (Zone one); PO between VT1 and 

VT2 (Zone two); PO between VT2 and MAP (zone three), and PO above MAP (zone four). The 

major finding of this research was the high variability in PO during the cycle section of a draft 

legal ODT. Relative to MAP, 51±9% of the race was spent in zone one, 17±6% in zone two, 15±3% 

in zone three, and 17±6% in zone four. Relative to maximal HR, triathletes spent 27±12% in zone 

one, 26±8% in zone two, and 48±14% above VT2 HR. Interestingly, both PO and HR variability 

significantly (p= <0.05; CV=55-77%) increased as the ODT cycle section progressed, without any 

significant variation in either leg cadence or cycling speed. These findings suggest an increasing 

physiological demand to maintain the same speed or position, requiring relatively high-intensity 

intermittent efforts during the cycling section of an ODT cycling. 

 Later research analysed 12 power profiles during cycling from five elite male triathletes 

during seven ITU ODT races (Etxebarria et al., 2014). Data reported included mean PO, variability 

index (VI), and coefficient of variation (CV). Additionally, the researchers introduced the 

normalised power (NP) metric. NP uses logarithmic equations to estimate extra work induced by 

variable cycling which may be more accurate than reporting simple mean PO values (Bernard et 

al., 2009). The mean PO across all ODT race files was 252±33W with NP equating to 40W higher 

at 291±29W, again suggesting both high physiological demands and high PO variability in ODT 

cycling (Etxebarria et al., 2014b). Furthermore, VI and CV were high, reported as 1.16±0.07 and 

of 71±17%, respectively. Finally, on 34 occasions, PO reached >600W (Etxebarria et al., 2014b). 
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This data further characterises ODT cycling as requiring frequent high-intensity intermittent 

efforts. 

 More recent research has quantified performance cut off points, important physiological 

characteristics, and relative race intensities for ODT cycling (Aoyagi et al., 2021; Gadelha et al., 

2020; Puccinelli et al., 2020). Firstly, cycle speed data was analysed from 1191 WTS races and 

four Olympic events in both male and female elite ODT triathletes between the years 1989 and 

2019 (Gadelha et al., 2020). The researchers reported that in order to achieve a top three ODT race 

position, the overall mean male cycle performance time should aim to be 60.1min for the 40km 

section or cycled at an approximate mean speed of 39.5km.h-1. Furthermore, the female standard 

for a top three race position was reported as a mean cycle time of 71.6min at an approximate mean 

speed of 33.5km.h-1. Furthermore, Puccinelli et al. (2020) reported that mean velocity at anaerobic 

threshold (33.1±1.3km.h-1) and previous race experience (3.4±1.6 years) were the strongest 

predictors of ODT cycle (n=39M; n=6F) performance. Finally, Aoyagi et al. (2021) observed that  

well trained triathletes perform the cycle section of an ODT at a relevant intensity of 91.1±4.4% 

of the maximum HR measured during an incremental laboratory cycle maximal test. 

In summary, elite ODT cycling speed is highly correlated with cycle finishing position 

which may come at a high physiological cost when [BLa] and %HRmax are measured. 

Additionally, ODT cycling requires triathletes to maintain a relatively high PO whilst being able 

to produce frequent high intensity efforts.  

ODT Running 

ODT running is unique when compared to distance running alone due to triathletes having 

already performed both a swimming and cycling section prior to running. For example, reduced 

initial blood supply to the arms and trunk may increase glycolytic energy contribution during 

subsequent running (Hausswirth et al., 2010). Therefore, triathlon running may present unique 

performance, physiological, and energetic demands compared to running in isolation (Vleck et al., 

2008). 

Three research papers have examined running performance and physiological demands in 

the context of a complete ODT event or simulation. Historically, Vleck et al. (2008) quantified the 
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running speeds (m.s-1) of 24 elite male triathletes at an ITU WC ODT and determined the 

relationship of running speed to overall ODT race performance.  The 24 triathletes were split into 

a top 50% group and bottom 50% group based on race finishing position. The top 50% group ran 

significantly faster (5.24±0.07m.s-1) than the bottom 50% group (4.98±0.1m.s-1). Furthermore, run 

performance was significantly and highly correlated (r=0.86; p=<0.01) with overall finish position, 

strongly suggesting that running performance is crucial to overall ODT performance. Interestingly, 

there was a significant inverse relationship (r=-0.60, p< 0.01) between cycling speed and run 

speed, suggesting a negative effect on subsequent run performance for triathletes that attempted to 

“catch up” from a possible slower swim leg during the cycle section.  

Earlier research quantified race intensity using both HR during and [BLa] after simulated 

ODT triathlon running (Lopes et al., 2012). The investigators reported a mean %HRmax (±SE) of 

83.6±1.3% during the event and a mean [BLa] of 4.5±0.5mmol.L-1 immediately following the 

10km run of the simulated ODT. Running %HRmax and [BLa] were significantly lower than that 

exhibited during ODT cycling. Despite the apparent reduction in intensity, the %HRmax value is 

still considered as high intensity (Wilder et al., 2006).  

Additional performance indicators such as stride length (SL) maintenance may be an 

important variable to consider in the presence of high physiological stress. In addition to stride 

rate, SL is an important factor in triathlon running speed (Landers et al., 2011). Researchers have 

investigated the relationship between SL and ODT run performance in 37 male World 

Championship triathletes and observed a  high correlation between SL and height (r=0.47) 

(Landers et al., 2011). However, no significant relationship was observed between height and run 

performance. Furthermore, the fastest third (n=12) place finishers maintained a significantly 

longer SL versus the slowest third (n=12) place finishers. These findings suggest that the triathletes 

who maintained their SL were more resistant to fatigue which may facilitate a smaller decrement 

in run speed during the run section of an ODT.  

More recent research has quantified performance cut off points, important physiological 

characteristics, and relative race intensity for ODT running (Aoyagi et al., 2021; Gadelha et al., 

2020; Puccinelli et al., 2020). Recently, Gadelha et al. (2020) analysed run pacing data from 1191 

WTS races (n=52,027) and four Olympic events in both male and female elite triathletes. The 
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researchers reported that in order to achieve a top three overall race position the overall mean male 

run performance time should aim to be 34.1min or ran at an approximate pace of 3:25min.km-1. 

Furthermore, the female standard for a top three race position was reported as a mean run time of 

38.1min, or ran at an approximate pace of 3:49min.km-1. Importantly, these run pace values and 

run times represent data from 1989 to 2019, the authors noted that run times have improved over 

time. Additionally, that the mean values reported are reflective of the applied linear regressions 

spanning 20 years and current cut off values may be of quicker pace and faster run times. Run 

split-times were the highest associated performance variable compared to that of the swim and 

cycle sections for overall success during ODT. Furthermore, it has been reported that a high 

maximum aerobic velocity (18.5±1.3km.h-1), high % of lean mass (82.6±3.8%), and previous race 

experience (>3.4±1.6years) best predict ODT run performance (Puccinelli et al., 2020). Finally, 

Aoyagi et al. (2021) recently observed that national level triathletes perform the run section of an 

ODT at a relevant intensity of 90.7±4.4% of the maximum HR measured during an incremental 

laboratory treadmill maximal test. 

In summary, compared to the swim or cycling sections, ODT running speed is the most 

highly correlated with overall finishing position. The maintenance of a high average running speed 

requires ODT triathletes to produce a sustained high intensity resulting in high cardiovascular and 

metabolic loads during ODT racing. Finally, in the presence of potential physiological fatigue, 

triathletes who are able to resist reductions in SL caused by accumulated fatigue are more likely 

to have both better overall run and overall ODT performances.  

In conclusion, the available research related to the performance and physiological demands 

of ODT suggests swim exit position within the top 50% of swimmers is important for cycle pack 

position. This may require a fast initial swim pace in order to gain a good swim pack position. 

Subsequent cycle performance requires triathletes to be able to sustain a relatively high mean PO, 

with the ability to produce frequent high intensity efforts, for example during a chase or exiting a 

corner. Finally, ODT run performance is highest correlated with overall finishing position. 

Therefore, triathletes who can sustain a high mean run speed, and maintain their SL will likely 

perform better overall. 
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Sprint distance triathlon 

SDT is shorter in both total distance and time to complete than ODT. As a result, there may be 

different physiological demands to those observed during ODT racing (Garcia-Pinillos et al., 

2016). However, to date, only two research papers have examined the physiological demands of 

SDT in the context of either a completed SDT event or simulation. 

 Historically, Garcia-Pinillos et al. (2016) quantified two physiological variables during and 

after a simulated SDT in 19 well-trained male triathletes. Firstly, the variable HR was reported 

after each segment as an absolute value. Whilst all three results for swim (169.3±22.3beats.min-1), 

cycle (163.5±12.1beats.min-1) and run (176.2±13.4 beats.min-1) can be considered high intensity 

in young athletes (Wilder et al., 2006), no comparison was made relative to maximum HR. 

Secondly, [BLa] was reported only after completion of the full SDT simulation, and not after each 

section of the SDT. Whilst not indicative of the intensity of each of the three SDT sections, the 

[BLa] value of 9.7±3.3mmol.L-1 is considerably higher than that of OBLA, strongly suggesting 

both a very high metabolic load and a significant contribution of glycolytic energy to SDT 

performance. Indeed, the mean [BLa] value previously reported by Lopes et al. (2012) after a 

simulated ODT was much lower at 4.5±0.5mmol.L-1. If [BLa] is considered as an indicator of 

exercise intensity, the [BLa] value reported following a simulated SDT strongly suggests that 

SDTs are performed at a higher physiological intensity than ODT.  

 More recently, Papavassiliou et al. (2019) correlated non-draft legal SDT performance in 

15 moderately-trained male triathletes with data from both incremental maximal cycle and 

treadmill laboratory tests including VO2max. The researchers observed that cycle VO2max 

(ml.kg.min-1) was the highest correlated (r=0.81) with overall SDT performance. Secondly, they 

observed that treadmill VO2max (ml.kg.min-1) was the next highest correlated (r=0.76) with overall 

triathlon performance. Finally, treadmill VO2max, when combined with % body fat, explained 

~91% of the overall race variability. These findings suggest the importance of a strong cycle 

section, a high power: weight ratio, and a high relative VO2max for overall SDT performance.  

In summary, SDT is completed at a sustained high intensity with all three sections of SDT 

completed with a mean HR >80%HRmax and mean [BLa] greater than the threshold for OBLA. 
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Despite the paucity of research examining the physiological demands of SDT, it appears that SDT 

is completed at a higher sustained metabolic load than ODT. 

2.5.2. Pacing 

Pacing is defined as the continuous and purposeful manipulation of energy expenditure during an 

endurance event to sustain a competitive pace during competition (Abbiss & Laursen, 2008). 

Through a well-planned pacing strategy, triathletes may be able to delay the deleterious effects of 

cumulative fatigue. Additionally, triathletes may also tactically draft to preserve energy and delay 

fatigue (Chatard, Chollet & Millet, 1998; Bentley et al., 2002). At the elite level, drafting is 

permitted in all sections of both ODT and SDT (Bentley et al., 2002; Chatard & Wilson, 2003). 

However, the most effective pacing strategies may not necessarily be what triathletes practice in 

competition. This may be due to varying race dynamics, the impact of other competitors, and the 

technical and topographical demands of each course (Wu et al., 2014b). 

Olympic distance triathlon 

Pacing during elite ODT includes the manipulation of swim speed (m.s-1), cycle-power output (W) 

and run pace (km.h-1). Moreover, a major tactical consideration is the use of the drafting technique 

within each of these three sections of an ODT (Wu et al., 2014b; Chatard & Wilson, 2003). 

Drafting is observed when triathletes strategically position behind an opponent to reduce drag 

forces or wind resistance, particularly during the swim and cycle sections (Hausswirth et al., 2001). 

ODT Swimming 

Previous research has highlighted that triathletes with a faster initial swim speed are more 

likely to have a better overall ODT swim finish position (Vleck et al., 2006). A faster initial speed 

with a concomitant reduction in speed is known as positive pacing (Edwards & Polman, 2013). 

Often observed in elite 200m pool swimming, positive pacing may increase the risk of cumulative 

fatigue, in part due to the accumulation of glycolytic metabolites (Abbiss & Laursen, 2008). The 

high mean [BLa] reported following simulated ODT swimming (5.8±0.4mmol.L-1) may indicate 

that this is also true for ODT swimming (Lopes et al., 2012). 
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The possible benefits of drafting during elite ODT swimming may include reductions in 

passive drag of 10–15% , [BLa] values 31% lower, and a 5–10% reduction in oxygen uptake for a 

given swim velocity (Vleck et al., 2006). Historically,  Vleck et al. (2008) has also compared the 

pacing between male (n=68) and female (n=35) international-level triathletes during the swim 

section of an ITU WC race. Both cohorts positively paced during the swim section. Males began 

the swim at 1.39±0.01 m.s-1 and slowed to 1.27±0.03 m.s-1 towards the end of the 1500m swim 

Females began the swim at 1.21±0.06 m.s-1 and slowed to 1.14±0.01 m.s-1. The researchers also 

reported that the male and female triathletes who had the fastest initial start speed had the best 

overall race position (r=-0.88 & r=-0.97, respectively). Therefore, positive swim pacing appears 

necessary in elite ODT, despite the potential for fatigue accumulation during the swim leg of an 

ODT. 

In contrast, more recent research by (Wu et al., 2015a) observed that during the swim 

section of a national level ODT, swim speed in eight male triathletes remained relatively even 

throughout the event. The investigators reported a mean swim speed of 1.08±0.03m.s-1 and no 

significant differences between four measured splits in the 1500m swim. An even pace has been 

suggested as optimal to delay cumulative fatigue and improve subsequent performance in triathlon 

(Abbiss & Laursen, 2008). The difference in the level of triathletes (national) compared to Vleck 

et al. (2008), may explain the differences in both swim speeds and pacing strategies. Moreover, 

non-draft legal versus draft legal conditions which may also influence performance 

In summary, elite level ODT triathletes appear to pace the swim more positively than 

national level triathletes. The limited available data suggest a fast swim start is adopted at the elite 

level by both male and female triathletes. This may be due to the elite race dynamics and the 

importance of pack placing during the subsequent cycle section, considering that drafting is 

permitted during elite level ODT swimming and cycling.   

ODT Cycling 

 Both cycle pacing and drafting have been proposed to have the most positive effect on 

physiological and performance outcomes in elite ODT cycling (Vleck et al., 2008). For example, 

strategic pacing and drafting have been shown to improve efficiency of pulmonary ventilation 
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(VE), HR, [BLa], and energy efficiency if triathletes drafted behind the cycle pack leader versus 

cycling alone (Hausswirth & Lehénaff, 2001; Hausswirth et al., 1999). Considering the importance 

of cycle pacing and drafting on overall ODT performance, it is important to discuss these in the 

context of a complete ODT event.  

Historically, Vleck et al. (2008) compared the pacing between male (n=68) and female 

(n=35) international-level triathletes during the cycle section of an ITU WC race. A reverse J-

curve was observed in the male triathletes where cycle speed gradually increased from the first lap 

(37.60±0.51km.h-1) to the end of lap three (39.16±0.16km.h-1) before gradually decreasing until 

the final of six laps (37.97±0.10km.h-1). It was unclear whether this decrease in speed was 

intentional to conserve energy, or involuntary and caused by accumulated fatigue. Nonetheless, 

the male triathletes that were able to maintain their position in the first two cycle packs had a better 

overall ODT position (r= 0.81; p= <0.01). Finally, in agreement with earlier research by Vleck et 

al. (2006), the male triathletes who exited the swim later in the field had a significantly higher 

mean cycle speed.  

Vleck et al. (2008) also reported that the mean cycle speed for female triathletes remained 

even from lap one (35.51±0.17km.h-1) through to lap six (34.47± 0.13km.h-1). However, individual 

speeds during lap one were more important for overall ODT position for females (r=−0.71, p=< 

0.01) compared to males (r =−0.20, ns). This data suggests that early cycle performance, cycle PO 

maintenance, and a high power: weight ratio during hilly sections for females, may be more 

important for overall ODT race position than males.  

 More recent research reported on the cycle pacing strategies of eight male triathletes during 

a national level ODT (Wu et al., 2015a). The investigators reported a mean cycle speed of 

35.7±1.3km.h-1 and that pacing during six lap-splits remained relatively even. This even pacing 

pattern contrasts with the reverse J-curve observed in the elite international male group reported 

earlier by (Vleck et al., 2008). This discrepancy may be due to differences in the cycle course 

topography or the level of triathletes in each study (Wu et al., 2015a). 

 In summary, the few studies that have investigated cycle pacing in ODT suggest that 

national level male triathletes appear to pace more evenly than the elite international triathletes. 
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Moreover, elite female triathletes appear to pace evenly throughout an ODT cycling section. 

Finally, it appears that both course topography and race dynamics may influence pacing variables 

and that this difference is more exaggerated in elite versus national level males. 

ODT Running 

ODT running performance is highly correlated with overall ODT race position (Vleck et 

al., 2006). Thus, triathletes that maintain a higher mean run pace may improve their overall ODT 

finishing position. However, as with ODT swimming and cycling, factors such as individual 

pacing strategies may affect overall running performance. Four studies have observed the pacing 

strategies during the run section of ODT and one research paper reported on a pacing manipulation 

intervention.  

Early research compared run pacing strategies between male (n=68) and female (n=35) 

triathletes during an ITU ODT WC race (Vleck et al., 2008). The male triathletes appeared to pace 

in a J-curve fashion by running their fastest lap during lap one (5.33±03m.s-1; p=<0.01), gradually 

slowing until the second last lap (4.95±0.03 m.s-1; p=<0.05), and finally increasing run speed 

during the third and final lap of the ODT (5.33±0.03m.s-1; p=<0.05). Individual mean run speed 

was highly correlated (r=−0.94; p<0.01) with overall ODT finishing position. Indeed, more so than 

that of the cycle section reported by the same researchers. Similarly, all females ran faster during 

the first lap (4.55±0.22m.s-1; p=<0.01) and gradually slowed until the second last lap 

(4.30±0.03m.s-1; p=<0.05). Female individual run speed was also correlated with overall ODT 

finish position (r=−0.61; p=< 0.01).  

Later research by Le Meur et al. (2011) reported the run speed, pacing strategies, and index 

of running speed variability (IRSV) for male (n=65) and female (n=42) triathletes at an 

international ODT. The mean run speed for males was 17.4±1.1km.h-1. A positive pacing pattern 

was observed in males, whereby the first km of each lap was run significantly faster (+5.6%) than 

the same subsequent three laps. There was also a significant inverse relationship between mean 

run speed and IRSV (r=-0.65), suggesting that the runners that were less fatigued by variations in 

topography maintained a faster pace. This may be important considering the high correlation 

typically observed between run speed and overall ODT race position (Bentley et al., 2002). Males 
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also exhibited a significantly lower IRSV (4.0±1.4km.h-1) compared to females (6.1±0.5km.h-1). 

In the same study, the mean running speed for female triathletes was 15.6±1.0km.h-1. Similar to 

the males, females paced positively, running significantly faster (4.4%) over the first km of the 

first lap compared to the same section of the subsequent three laps. Finally, 37 of 95 race finishers 

(12F & 25M) had a speed increase of ≥5% at the end of the final lap. This becomes a J-curve 

pacing pattern, similar to that reported previously for both male and female elite triathletes during 

ODT racing (Vleck et al., 2008).  

More recent research reported on the run pacing of eight male triathletes during a national 

level ODT (Wu et al., 2015a). The researchers reported a mean run speed of 13.3±1.4 km.h-1 and 

that there was a positive pacing pattern demonstrated similar to that observed by the elite ODT 

triathletes reported earlier (Vleck et al., 2008). However, there was reduction of -1.32km.h-1 in run 

speed with the most significant reduction occurring from the third last lap to the final sixth lap 

(0.89km. h−1, p=0.01). In contrast to the more elite athletes previously examined by Vleck et al. 

(2008) and Le Meur et al. (2011), there was no speed increase at the end of the run section, leaving 

the pace pattern positive as opposed to a J-curve.  

In contrast to the pacing strategies of previous research, a recent investigation analysed the 

run pacing of 171 elite male triathletes during 14 elite ITU ODTs (Etxebarria et al., 2021). The 

researchers reported that the pacing pattern of triathletes during elite ODT running appeared to be 

a negative pacing pattern. However, further analysis of the results revealed that the top eight 

runners of each race adopted a more even pacing pattern, possibly caused by the top eight runners 

having more elite ODT running experience. 

An early study investigated the effect of three different pacing strategies during the initial 

phase (first km) of an ODT run during a simulated ODT (Hausswirth et al., 2010). Ten national 

level male triathletes first undertook a control 10km time trial (C-run) to quantify mean running 

speeds. Each triathlete then completed three simulated ODTs using one of three initial phase 

pacing conditions. As described: 5% faster than C-run (Tri-run+5%; positive pacing); 5% slower 

than C-run (Tri-run-5%; slightly negative pacing); and 10% slower than C-run (Tri-run-10%; negative 

pacing). No significant performance differences were observed in the swimming or cycling 

sections during each of the trials. The major finding was that Tri-run-5% elicited a significantly 
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faster mean run speed and ODT completion time versus Tri-run-10% and Tri-run+5% (17.8±0.4km.h-

1 & 2,028±78sec vs. 17.2±0.6 km.h-1 & 2,087±88sec vs. 16.5±0.9km.h-1 & 2,178±121sec, 

respectively). Interestingly, the positive pacing condition often reported in ODT racing resulted in 

the poorest overall ODT performance. Finally, Tri-run+5% elicited the highest increase 

(+2.0±0.3mmol.L-1; p=0.04) in [BLa], compared to other conditions. This [BLa] data suggests a 

higher metabolic load for a worse run performance. The researchers suggest that a slightly negative 

run pacing strategy may be best to use in ODT competition, despite the influence of competition 

and race dynamics. 

In summary, both overall run performance and mean run speed during ODT competition 

are highly correlated with overall ODT race success in both female and male triathletes. 

Additionally, in combination with mean run speed, female and male triathletes who demonstrated 

the lowest IRSV exhibited better overall run and improved ODT race performance. Additionally, 

male ODT triathletes exhibited lower IRSV compared to females, suggesting a higher power: 

weight ratio in the male triathletes. Lastly, elite international female and male triathletes typically 

exhibit a reverse J-curve pacing pattern during the run leg of an ODT. In contrast, national level 

male triathletes exhibit a slightly positive pace profile with no end spurt J-curve. This may be due 

to race dynamics, depth of field or performance ability differences between elite and national level 

triathletes. Finally, Hausswirth et al. (2010) provided evidence that a slightly negative run pacing 

strategy may be best for overall ODT simulated performance.  

Sprint distance triathlon 

Optimal pacing and drafting strategies may be different for SDT due to both the shorter race 

distances of the event and the associated higher physiological demands compared to ODT.  

SDT Swimming 

In the only published research observing swim pacing during an SDT, the pacing of eight 

male triathletes during the swim section of a national level SDT was observed (Wu et al., 2015a). 

Triathletes demonstrated a relatively even swim pace that was comparable, and not significantly 

different, to the ODT pacing reported by the same research group. The investigators reported a 
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mean swim speed of 1.13±0.06m.s-1 and no significant difference between the four measured splits 

during the 750m swim of the SDT event. 

Due to the importance of initial swim performance and the short and intense nature of SDT, 

two previous studies examined the effect of varying swim pace on overall swim and SDT 

performance (Peeling et al., 2005; Wu et al., 2016). Peeling et al. (2005) investigated the effect of 

three different swim speeds on simulated SDT performance. Nine highly trained male triathletes 

each undertook a 750m swim time trial (STT). Each triathlete then completed three simulated SDT 

where their swim speed was controlled at either 80% (S80), 90% (S90) or 100% (S100) of their 

STT speed. The researchers reported a significantly faster overall SDT time for S80 compared to 

S100 (3658±164.8sec vs. 3763.4±222.1sec). Additionally, S80 was slightly (ns) faster than S90 

(3681±213.6sec). Mean cycle power for S100 was significantly lower than both S90 and S80 

(277.8±30.8 vs. 297.6±28.8W vs. 304.6±24.4W). Finally, [BLa] was significantly higher 

following the swim for S100 compared to S80 (9.1±2.7mmol.L-1 vs. 5.2±2.5mmol.L-1). These 

findings suggest that maintaining a swim pace up to 20% lower than STT maximum speed may 

improve overall simulated SDT performance. One reason for this improved performance suggested 

by the researchers was that the accumulated fatigue from the S100 swim reduced subsequent cycle 

performance. Possible mechanisms for this accumulated fatigue were suggested to include reduced 

cycling efficiency, early onset of H+ accumulation, and an earlier increase in the recruitment of 

less efficient type-2-fibers during the race, compared to either the S80 and S90 conditions.  

Vleck et al. (2006) previously suggested that initial swim speed, rather than mean swim 

speed correlates most strongly with overall SDT performance. More recently, Wu et al. (2016) 

investigated the effect of three different swim start speeds on simulated SDT performance. Nine 

highly trained male triathletes each undertook a 750m swim time trial (STT) to determine STT 

speed. Each triathlete then completed three simulated SDTs (750m swim, 20km cycle & 5km run) 

with swim start speed varied. The first condition negatively paced the swim start by increasing 

swim pace by 2.5% every 100m from 73% to 92% of STT speed. The second condition positively 

paced the swim start by decreasing the swim speed by 2.5% every 100m from 92% to 73% of STT 

speed. The third condition evenly paced the 750m swim at 82.5% of STT speed. All swim 

conditions were matched for time so as not to influence overall SDT triathlon time. The researchers 
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reported a significantly faster overall time for the positive swim pacing condition compared to 

both the even and negatively paced swim conditions (65.9±4.0min vs. 67.7±3.9min, p=0.03 vs. 

67.3±3.7min, p=0.04, respectively). Secondly, the positive swim pacing condition led to a 

significantly faster cycle time. Thirdly, mean cycle power was significantly higher from the fourth 

km to the tenth km for the positive swim pacing condition compared to the negative swim pacing 

condition (231.6±1.9W vs. 220.1±3.7W). Finally, the positive swim pacing condition resulted in 

a significantly lower RPE (6-20 scale) compared to the negative swim pacing condition (9±2 vs. 

11±2). In agreement with the previous research by Peeling et al. (2005), these findings suggest that 

controlling swim pace below STT pace results in a better overall SDT performance. 

In summary, it appears that national level male triathletes evenly pace the swim section of 

an SDT. Moreover, research supports that a swim pace ~10-20% below STT pace will lead to a 

better overall SDT performance. Indeed, Wu et al. (2016) demonstrated that by positively pacing 

the start of a simulated SDT swim from 73% compared to 92% of STT pace, triathletes exhibited 

both faster SDT cycle time and overall SDT time, and lower swim RPE. It is important to note that 

the above findings were observed in a controlled simulation. Furthermore, these strategies may be 

difficult to implement in race conditions and may be improved during training. 

 SDT Cycling 

Similar to ODT, drafting is permitted in elite level SDT racing. Different drafting 

techniques have previously been shown to have a significant effect on SDT cycle physiology. 

Historically, research has reported the effects of cycling alone (TA) compared to drafting behind 

other cyclists (TD) on VE (L.min-1), VO2 (ml.kg.min-1) and [BLa] (mmol.L-1) (Hausswirth et al., 

1999). Importantly, cycle speed was matched during both simulations. The TD condition reported 

significantly lower VE (-50.1L.min-1), VO2 (-9ml.kg.min-1), and [BLa] (-4.4mmol.L-1) compared 

to the TA condition. Later research examined the effect of two different drafting techniques on 

SDT cycle physiology (Hausswirth et al., 2001). During two simulated SDTs, 10 national-level 

male triathletes either drafted continuously behind another cyclist (CDT), or alternated between 

drafting and leading (ADT). The CDT condition reported significantly lower VE (-19.1L.min-1), 

VO2 (-9.9ml.kg.min-1), and [BLa] (-2.8mmol.L-1) compared to ADT. Considering that cycle 

speeds were matched between conditions in both studies, these findings suggest that by 
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continuously drafting during the cycle leg of a SDT, triathletes save a significant amount of energy 

or delay the onset of fatigue. 

More recently, the pacing of eight national-level male triathletes during the a SDT cycle 

section was examined (Wu et al., 2015a). The researchers reported a mean cycle speed of 36.4±2.0 

km.h-1 and that pacing between six lap-splits remained relatively even. These findings are 

comparable to those observed by the same research team during ODT. However, when wind 

conditions were accounted for, the SDT cycling data presented a slight (2.5%) negative pacing 

pattern. The triathletes spent 10% of total cycle time above the mean cycle PO, higher than that 

observed by the same investigators during an ODT. 

In summary, similar to ODT cycling, SDT cycling may benefit energetically when 

triathletes draft as often and effectively as possible during the cycle section of an SDT. 

Additionally, SDT cycle pacing appears to be relatively even, and performed for longer above the 

mean cycle speed than ODT. 

SDT Running 

Only one research paper has examined run pacing during a complete SDT event (Wu et al., 

2015a). The researchers observed the pacing of eight male triathletes during the run section of a 

national-level SDT and reported a mean running speed of 14.8±0.7 km.h-1, a run speed 

significantly faster than that reported for the ODT run (13.3±1.4 km.h-1) by the same research team 

(Wu et al., 2015a). During the SDT, a negative pacing pattern was observed (+0.89km.h-1) from 

the run start to the end of the fourth of five laps. Additionally, there was a significant increase in 

speed (+0.39km.h-1) during the final run lap. This contrasts with the positive pacing reported 

during ODT running by the same researchers. This may be explained by two factors. Firstly, 

competitive race dynamics and an unplanned sprint finish. Secondly, a purposeful end-spurt 

strategy used for the shorter SDT race. 

In conclusion, the available research examining pacing during ODT reports that both male 

and female elite triathletes positively pace the swim section of a race. While a positive swim pace 

may risk cumulative fatigue, gaining a good swim pack position prior to exiting for the cycle leg 

is highly correlated with overall ODT position. During ODT cycling, elite level male triathletes 



[55] 

 

demonstrated a reverse J-curve pacing pattern in contrast to the more even pacing pattern reported 

for elite-level female triathletes. Importantly, females with a higher mean cycling speed placed 

higher which may highlight the importance of a strong power: weight ratio in high performance 

and elite female triathletes. Finally, considering the strong correlation between ODT run 

performance and overall ODT performance in both male and female high-performance triathletes, 

and despite evidence for a more even or negative pacing pattern being more optimal for 

performance, ODT triathletes still appear to adopt an overall positive run pace. However, it has 

been reported from individual splits that the top eight placing triathletes during an elite race 

appeared to pace in a slightly negative fashion.  

In regard to SDT pacing, the limited available research suggests that national-level 

triathletes adopt an even pacing strategy during the swim. However, although a more even pace 

swim during SDT is recommended, combining a fast initial swim speed to gain good pack position 

and tapering off for the remainder of the section may achieve the best overall SDT results. There 

is also strong evidence for the benefits of drafting wherever possible during SDT cycling in order 

to improve overall cycle economy. Limited research has observed, similar to ODT, a negative run 

pacing pattern during SDT running during a national level race. 

2.5.3. The effect of the previous triathlon discipline on the subsequent discipline  

Previous research suggests the ability to optimally link the swim, cycle and run disciplines is 

important for overall triathlon performance (Bentley et al., 2002). The following sections will 

discuss research examining the swim-cycle and cycle-run transitions, and the effect each previous 

discipline may have on the subsequent section during both ODT and SDT. 

Olympic distance triathlon  

ODT Swim to cycle 

As discussed earlier, it appears beneficial for elite triathletes to adopt a fast swim start in an ODT 

(Vleck et al., 2008). However, swimming uses predominantly upper-body musculature which may 

cause excessive blood pooling in the upper-limbs following the swim discipline. Blood pooling in 

the upper-limbs may affect the initial phase of the cycling section, a predominantly lower-body 

discipline (Bentley et al., 2002). These negative effects may include a reduced initial cycle power 
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output, or reduced cycling economy. However, our search generated no research that reported on 

the swim-bike transition during either a complete ODT or SDT race or simulation.  

ODT Cycle to run 

ODT cycle pacing research suggests that elite triathletes choose to reduce effort towards 

the end of a cycle section in order to preserve energy for the subsequent and final run discipline 

(Vleck et al., 2008; Wu et al., 2015a). This may be due to the potential cumulative fatigue from 

cycling impacting negatively on subsequent running performance (Bentley et al., 2002).  

Early research observed that ODT running increases the energy cost of running compared 

to running in isolation (Guezennec et al., 1996). Eleven trained male triathletes completed both a 

simulated ODT (Tri-Run) and a 10km control run (CR). Importantly, participants were required to 

match their pace from the Tri-Run during the CR, allowing the researchers to validly compare and 

contrast VO2 (ml.kg.min-1), mean oxygen cost (OC; ml.O2.kg-1.km-1), and VE (L.min-1) between 

the two conditions. The Tri-Run condition demonstrated a significant 7% increase in VO2 and 16% 

increase in VE compared to the CR. Moreover, there was significant increase in OC of 

3.5ml.O2.kg.min-1 during the Tri-Run compared to the CR. These differences may be explained by 

potential accumulated fatigue because of the prior swim and/or cycle section. In addition to starting 

the run with an elevated [BLa], the stochastic nature of triathlon cycling may fatigue the 

musculature of the lower-limbs prior to the run (Etxebarria et al., 2014b; Naroa Etxebarria et al., 

2021). Subsequently, a greater recruitment of additional motor units is required to sustain running 

output. Additional motor unit recruitment would require in an increase in O2 uptake to sustain a 

given run pace following triathlon cycling. 

In contrast, more recent research reported that prior cycling does not affect subsequent 

ODT running (Cala et al., 2009). The investigators reported a decrease in running velocity and 

efficiency from lap one to lap four in both 10 males and 10 females during an ITU ODT WC event. 

The researchers suggested that this decrease in running velocity and efficiency may have been due 

to the accumulated fatigue of the run, rather than the prior cycle section. However, as the cycle 

section may have directly contributed to the accumulated fatigue, the researchers’ conclusions 

become less clear, and more work is needed in this area. 
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Sprint distance triathlon 

The prior effects of cycling on subsequent running may be different for SDT due to both the shorter 

nature of the event and the associated increased performance and physiological demands compared 

to ODT.  

SDT Cycle to run 

Early research suggests that previous triathlon cycling influences performance during the 

subsequent run during simulated SDT (Hausswirth et al., 1999; Hausswirth et al., 2001).  Initially, 

Hausswirth et al. (1999) investigated the effect of two different drafting techniques on subsequent 

run VO2 (ml.kg.min-1), [BLa] (mmol.L-1), and overall run performance.  Eight international-level 

male triathletes completed a 5km isolated run (IR) and time was matched during the two SDT 

cycle conditions. The first cycle condition required the cycle section to be completed alone (TA) 

and the second cycle condition allowed drafting behind another cyclist (TD) typical of that 

observed during elite competition. The TD condition demonstrated significantly higher VO2 and 

[BLa], of +3.8ml.kg.min-1 and +0.5mmol.L-1, respectively, compared to the TA condition. During 

both TD and TA significantly lower values of -3.7% and -9.5% VO2 compared to IR, respectively. 

A significantly higher oxygen consumption and [BLa] produced during the TD run suggests that 

the triathletes were able to reach or sustain a higher run pace during the subsequent run compared 

to the TA condition. This may be possible due to less cumulative fatigue or greater energy 

conservation observed by drafting during the cycle. Secondly, the IR produced a significantly 

faster run time by 18s compared to TD with TA exhibiting the slowest run time (Hausswirth et al., 

1999). Taken together, these results suggest that prior SDT cycling significantly affects subsequent 

run performance and physiology, and that drafting during the cycle discipline may enhance the 

performance of the subsequent run during SDT. 

Further research investigated two different drafting conditions to confirm possible effects 

on subsequent running during simulated SDT (Hausswirth et al., 2001). Ten national-level 

triathletes performed two simulated SDTs. Firstly, drafting continuously during the cycle (CDT); 

and secondly, alternating between lead cyclist and drafting behind another triathlete (ADT). In 

agreement with Hausswirth et al. (1999), the CDT condition produced significantly higher run 
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VO2 and [BLa] compared to ADT. CDT also demonstrated a significantly increased mean run 

speed by 0.72km.h-1 which resulted in a 14% and significantly faster run time. Interestingly, the 

researchers also observed that the CDT resulted in a longer mean SL for the duration of the CDT 

run. More recent research supported this finding, observing a strong inverse relationship (r=-.49, 

p=0.002) between the maintenance of SL during the run section of a SDT race and overall running 

performance (Landers et al., 2011). The latter investigators noted that a shorter SL may be 

indicative of a higher degree of fatigue caused by the preceding cycle. This suggests that SDT 

triathletes who had a more favorable cycle strategy were stronger cyclists, were physiologically 

more fatigue resistant, and able to maintain a longer SL during the subsequent run (Landers et al., 

2011). 

In conclusion, limited research has examined the effect that a previous discipline may have 

on performance during a subsequent discipline in both ODT and SDT. However, the limited 

available evidence suggests that triathletes intentionally reduce effort toward the end of the cycle 

section to enhance performance in subsequent run portion of the SDT. Experimental data suggest 

that when compared to a control run, triathlon running has a significant increase in oxygen required 

to maintain a comparable pace. Furthermore, research regarding the energy saving benefits of 

drafting during the cycle section suggests that an optimal drafting strategy reduces metabolic load 

which results in a significantly improved ODT and SDT run performance. As such, the triathlete 

that is able to favorably pace or draft during the cycle section, and who is more fatigue resistant 

and able to maintain a longer run SL, may be afforded a better run and overall SDT performance.   

2.6. Conclusion 

In conclusion, short distance triathlon is a complex multi-sport that present triathletes, coaches and 

sports scientists with multiple challenges including optimising the performance, physiological, and 

metabolic demands, different pacing and tactical strategies, and the effect of the previous discipline 

on subsequent section performance. Adding to the complexity, ODT and SDT races are typically 

held at varying locations with different climatic and topographical demands. For example, the 

swim section is often a mass start event in open water river, lake, or ocean course with the cycle 

and run sections possibly held on technical or hilly courses. Adding to the complexity of short 
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distance triathlon racing, competitive race dynamics for pack position, or optimal race lines are 

observed in all three sections of a triathlon race.  

The available research strongly suggests based on high %HRmax and [BLa] measures that 

both ODT and SDT are completed at sustained high intensities. Moreover, the limited available 

research suggests that SDT is completed at a higher sustained metabolic load compared to ODT. 

The limited available research to date suggests that a fast swim start to gain a good pack position 

with a subsequent reduction in effort is favorable for ODT and SDT swim pacing, and subsequent 

cycle performance. In addition, drafting within a pack to preserve energy may benefit stronger 

cyclists. ODT and SDT cycling requires the ability to resist fatigue due to frequent increases and 

decreases in power output caused by course technicalities, topography, and race dynamics. 

Furthermore, triathletes should draft as favorably as possible and reduce effort toward the end of 

the cycle section during both ODT and SDT races. Whilst it appears elite triathletes adopt a 

positive run pace during races, the available research suggests that a slightly negative pacing 

strategy may be favorable for overall run and race outcome in both ODT and SDT. The effect of 

the previous discipline on subsequent performance seems to be strongly related to how the 

triathlete paces their race and manages their physiological and metabolic loading throughout a 

race. Finally, no research was available on the new Olympic sport of MTR triathlon. Therefore, 

future research should examine the performance and physiological demands, pacing strategies and 

effects of previous disciplines on subsequent sections of the MTR. 
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3.0. Chapter 3 Pre-amble 

The findings from Paper 1 (Chapter 2) resulted in the synthesis of 21 research papers separated 

into either performance and physiological demands, pacing strategies, or the effect of the previous 

discipline or section. Importantly, none of the 21 papers had examined any of these three areas for 

mixed team relay (MTR).  

The main findings from the Systematic Review suggest that there is a clear effect of 

triathlon distance on the performance and physiological demands. The available research 

highlights that both ODT and SDT are completed at sustained high intensities based on the 

%HRmax and [BLa] measures at which both events are completed. Moreover, the limited available 

research suggests that SDT is completed at a higher sustained intensity compared to ODT. 

Logically, the performance and physiological demands may be more intense for MTR triathlon 

given the much shorter distance of MTR which consists of a 250-300m swim, 8km cycle, and 1.6-

2km run. However, to date, there is no research reporting on the performance and physiological 

demands of MTR triathlon. 

 Therefore, the aim of Study 1 (Chapter 3) was to quantify the relative performance and 

physiological demands of a complete simulated MTR triathlon (sMTR), and compare this data to 

a relevant maximal swim, cycle, and run test conducted in isolation. This study will be the first 

laboratory-controlled study working with high performance triathletes and examining the 

performance and physiological demands of the swim, cycle, and run sections during a sMTR.  
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3.1. Abstract  

To date, no empirical research has examined the physiological and performance demands of the 

mixed teams relay triathlon (MTR) that debuted at the 2020 Tokyo Olympic Games. The present 

study aimed to quantify the relative performance and physiological demands of MTR. Ten (8M; 

2F) high performance triathletes (cycle PPO 344.2±63.5W; run VO2peak 61.4±9.1ml.kg.min-1) each 

completed a critical swim speed (CSS) test, an incremental cycle test, a treadmill VO2max test, and 

finally a simulated MTR (sMTR; 250m swim, 8km cycle, 2km run). The results highlight that 

sMTR is performed at a sustained intensity of 95.3±2.1% CSS, 100.9±6.1% of cycle power at 

ventilatory threshold (VT), and 96.9±3.9% of run pace at VT. Furthermore, sMTR is performed at 

a physiological load resulting in swim, cycle, and run blood lactate concentrations of 92.0±7.9%, 

98.6±17.8%, and 121.8±28.8%, respectively of those observed following the maximal tests. These 

values suggest that sMTR is performed at a higher intensity than comparable results reported for 

Olympic and sprint distance triathlon. Such information is important in order to implement 

effective training and race strategies specific to the demands of MTR.    

Keywords 

Mixed teams relay, triathlon, performance, physiology. 
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3.2. Introduction 

Triathlon is a multi-disciplinary sport that requires the sequential completion of a swim, cycle, and 

run section. Currently, short distance triathlon events include the sprint distance triathlon (SDT; 

750m swim, 20km bike, 5km run) and Olympic distance triathlon (ODT; 1.5km swim, 40km cycle, 

10km run) (Wu et al., 2015a). Recently, the mixed teams relay (MTR) event (250-300m swim, 6-

8km cycle, 1.6-2km run) was included in the Tokyo 2020 Olympic Games program (ITU, 2018).  

The physiological basis for SDT and ODT success is complex for a number of reasons. 

Firstly, the mixed energy system requirements (varying contributions or requirements of: aerobic 

or anerobic energy systems) of the events (Cejuela et al., 2012; Etxebarria et al., 2021; Wu et al., 

2015a). Secondly, the varying distances and exercise modes which need to be optimally linked 

together (Bernard et al., 2009; Wu et al., 2014b). For example, swimming in ODT represents 10-

18% of the race time, compared to 52-56% and 30-34% for cycling and running (C.Hausswirth et 

al., 2010; Hausswirth et al., 1999; Papavassiliou et al., 2019). Therefore, the performance and 

physiological basis for triathlon success are unique but can be viewed as an endurance sport where 

an athlete’s ability to efficiently turn over high amounts of energy to produce and sustain a high-

power output or velocity over a prolonged period of time is the strongest determinant of triathlon 

success (Etxebarria et al., 2021; Millet et al., 2011). Additionally, research has suggested that SDT 

and ODT require sustained metabolic work intensities of 65-80% of peak oxygen uptake (Bernard 

et al., 2003; Garcia-Pinillos et al., 2016). Additionally, that due to the decreased distance of SDT, 

SDT is likely performed at a higher metabolic intensity. 

The shorter distance of the MTR suggests there may be different performance and 

physiological demands for triathletes competing in the MTR event compared to both the SDT and 

ODT events (. However, no research to date has examined the performance or physiological 

demands of the MTR triathlon event. Therefore, the present study aims to quantify the relative 

performance and physiological demands of simulated MTR (sMTR), during the swim, cycle, and 

run sections compared to individual swim, cycle and run maximal tests. We hypothesised that 

MTR will be performed at high relative performance and physiological percentages when 

compared to maximal tests. 
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3.3. Methods 

Participants 

Ten high performance triathletes (national and elite level; 8M; 2F; 22.7±4.5year; 68.7±7.4kg; 

cycle PPO 344.2±63.5W; run VO2peak 61.4±9.1ml.kg.min-1) with consistent training and racing 

histories (2+ years of training and competition at no less than a national level) and high-

performance coaching focused on short distance triathlon (ODT, SDT and/or MTR) volunteered 

for the study. Each triathlete provided written informed consent and ethical approval was granted 

by the Bond University Human Research Ethics Committee (Project number: RP02312). 

Study Design Overview 

Triathletes were required to attend four testing sessions separated by a minimum of 48 

hours with no other training on testing days and light training under the direction of a high-

performance coach between testing sessions. Session one consisted of a 12x25m maximal 

swimming test (Mitchell, Pyne, Saunders, & Rattray, 2018); session two, an incremental maximal 

cycle-ergometer test (Tanner & Gore, 2012); session three, a two-phase incremental maximal 

treadmill test (Tanner & Gore, 2012); and session four, a sMTR triathlon. Sessions one, two, and 

three were completed in a randomised counter-balanced order.  Quantitative descriptive data was 

collected during each testing session. Triathletes were requested to maintain their normal nutrition. 

No food was consumed within two-hours prior to the commencement of any testing session while 

water was permitted ad-libitum.  

3.3.1. Maximal Tests 

Critical swim speed 

A modified 3-minute maximal swim test was used to calculate each triathlete’s critical swim speed 

(CSS) (Mitchell et al., 2018). Following a progressive swim warm-up (Binnie et al., 2012), 

triathletes rested passively for 5-min prior to the start of the test. The CSS required triathletes to 

complete 12x25m freestyle laps as fast as possible in a heated indoor 25m pool with each lap 

separated by ~5-sec. The time (sec) to complete each lap was recorded using a handheld stopwatch 
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by the lead researcher and confirmed by the triathletes’ high performance coach present on pool 

deck. 

Cycle incremental test 

Cycle VO2peak and peak power output (PPO) were determined using a continuous 

incremental step-test (Tanner & Gore, 2012) using the same cycle-ergometer (Watt Bike Pro, 

Nottingham, UK) as that used in the sMTR, and calibrated according to manufacturer instructions. 

Commencing at 125W for females and 100W for males, workloads were increased every 3-min at 

25W or 50W for females and males, respectively. The test ended when either the required power 

output could not be sustained or voluntary cessation. 

Run incremental test  

Run VO2peak was determined using a triathlon-specific and two-phase incremental treadmill 

test (Tanner & Gore, 2012). All tests were completed using the same treadmill (Life Fitness, 

Australia) calibrated as per manufacturer instructions. Prior to testing, triathletes completed a 5-

min self-selected running warm-up on the treadmill. Phase-one required triathletes to complete 

four to six 4-min submaximal stages with 1-min rest between each stage during which a blood 

lactate concentration ([BLa]) was measured. Starting speeds were guided by the recommendations 

provided and dependent on triathlete gender and experience (Tanner & Gore, 2012). Each 

subsequent phase run speed was increased by 1km.hr-1 whilst the gradient remained at 0%. Phase 

one was terminated when the triathlete had completed six stages or had reached a [BLa] of 2-

4mmol.L-1. Prior to phase-two of the test, there was a 4-min break in which the triathlete passively 

rested. Phase-two consisted of 30-sec incremental stages, lasting up to 7-min or volitional 

cessation. Stage-one began at minus 3km.hr-1 of the final speed achieved during phase-one. 

Subsequent stages (two to nine) increased in speed by 0.5km.hr-1 until treadmill speed reached 

plus 1km.hr-1 of the final speed achieved during phase-one, with a gradient of 0%. If needed, 

further stages were kept at a speed of plus 1km.hr-1 and the gradient increased by 0.5% every 30-

sec until the test was terminated due to volitional exhaustion. 
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3.3.2. Measured variables 

Performance 

Swim 

CSS was calculated using the average velocity (m.s-1) of the slowest two of the final four laps 

(Mitchell et al., 2018). This method may reduce any potential influence of end-spurt pacing efforts 

(Vanhatalo, Doust, & Burnley, 2007). 

Cycle 

Cycle power (W) was continuously recorded by the TrainerRoad software package 

(Peaksware, Las Vegas, Nevada) during both the cycle incremental test and sMTR. Upon cycle 

completion, the data was immediately uploaded using the TrainerRoad application and individual 

files were later analysed for power at VO2peak and sMTR mean cycle power. 

Run 

Run pacing (min.km-1) was continuously recorded during both the run incremental test and 

sMTR using a Stryd wearable foot-pod (Stryd, Colorado, U.S.A) attached to the right shoe. Upon 

run completion, the data was immediately uploaded using the Stryd application and individual files 

were later analysed for pace at VO2peak and sMTR mean run pace (min.km-1). 

Physiological Measures  

Breath-by-breath pulmonary gas exchange and ventilation were measured using the QUARK-

CPET metabolic cart (COSMED, Rome, Italy) and converted to 30-sec averages following test 

completion. Prior to every test, the metabolic cart was calibrated as per manufacturer’s 

instructions. VO2peak (ml.kg.min-1) was calculated by taking the average of the highest two 

consecutive VO2 measurements. VT during cycling and running was determined using the criteria 

of an increase in both VE/VO2 and fractional O2 with no increase in VE/VCO2 (Aoyagi et al., 

2021; Pallares et al., 2016). 
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Heart Rate (HR; beats.min-1) was measured continuously using a chest-worn heart rate 

strap (Polar Electro, Finland) during all maximal tests, and the swim and cycle sections of the 

sMTR. Unfortunately, HR data from the sMTR run section was unable to be reliably analysed due 

to cross talk with the GPS, treadmill and laptop software being used. During the maximal swim 

test and sMTR sections, HR was recorded by a waterproof GPS unit (SPI-HPU, GPSports, 

Australia) fixed in a specialised pocket, underneath the triathletes’ race suits, positioned in between 

the two scapulae. HR data was measured continuously at a rate 10hz (SPI-HPU, GPSports, 

Australia). During the maximal cycle and run tests the metabolic cart recorded HR data.  

[BLa] was measured via capillary fingertip sample (5μl) using a Lactate-Pro 2 analyser 

(Arkray, Shiga, Japan). Swim [BLa] was measured at four-mins post completion of the CSS test. 

The incremental cycle and run test [BLa] were measured as per protocol instructions (Tanner & 

Gore, 2012). [BLa] was measured during the sMTR swim, cycle and run at two-mins after 

completion of each section. 

3.3.3 MTR Simulation 

Swim section 

The sMTR firstly required triathletes to complete a 250m swim at self-selected race intensity. The 

swim occurred in the same 25m indoor pool as the CSS and began with a dive start. Upon exiting 

the pool, triathletes walked to a designated “transition” area immediately adjacent to the cycle 

ergometer where they able to access a water bottle, if desired, and prepare for the cycle section. 

Cycle section  

The cycle section required triathletes to complete an 8km variable cycle on the same cycle 

ergometer used for the cycle maximal step test. A variable cycle was chosen over a constant 

workload or time trial as to replicate the demands of a SDT race as much as possible (Bernard et 

al., 2009) with a 5-sec maximal sprint included every 1.5km following the completion of the first 

km. A total of five maximal sprints were completed. Triathletes were instructed to complete the 

8km cycle as fast as possible and were provided with visual feedback (see Appendix 5, page 144) 

of their power outputs and distance covered. Upon cessation, triathletes returned to the “transition” 

area immediately adjacent to the cycle ergometer to prepare for the 2km treadmill run. 
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Run section 

The run section required triathletes to complete a 2km self-paced treadmill run in the fastest 

time possible. Continuous run pacing (min.km-1; Stryd, Colorado, U.S.A) was recorded for the 

duration of the run. Upon run cessation, triathletes were provided a water bottle, monitored for 

well-being and encouraged to undertake an active cooldown on the treadmill. 

The transition periods between the swim-cycle and the cycle-run were controlled at two-

mins to allow adequate time for the measurement of variables of interest. 

3.3.4. Statistical analysis 

All individual files were transferred into SPSS statistics software (Version 26; IBM, Japan) for 

subsequent statistical analysis. Relative mean comparisons were calculated and expressed as a 

percentage of the relevant maximal test variable value. An un-paired sample, two-tailed, Student 

T-test was used to assess significant differences between variables of interest measured during 

individual test sessions and the sMTR. Statistical significance was set at p≤0.05. 

3.4. Results 

3.4.1. Performance Variables 

Table 3.1 shows the mean±SD of the performance data for the individual maximal tests, relevant 

sMTR sections and the comparative p-values, confidence intervals (CI), and 95%CI. 
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Table 3. 1: Performance variables expressed as group mean (SD) for relevant maximal test and each mixed 

team relay simulation section. 

 

 

Swim 

There was no significant difference between the CSS (1.5±0.2m.sec -1) and the sMTR 

swim speed (1.4±0.1m.sec-1); t=1.14, F(18), p=0.27. The relative sMTR swim speed was 

performed at 95.3±2.1% of the mean CSS.  

 
Max test Mean 

(SD) 

Simulation Mean 

(SD) 

Two-

tailed       

p-value 

Confidence 

interval 
95% CI 

Swim speed 

(m.sec-1) 

     

CSS 

250m swim 

mean speed 
   

 
1.5 (0.2) 1.4 (0.1) 0.27 0.1 

- 0.067 to 

0.227 

Cycle 

power 

(Watts) 

     

Power @ VO2Peak 

8km cycle 

mean power    

 
344.0 (63.4) 286.8 (58.7) 0.51 57.2 

-0.24 to 

114.64 

 Power @ VT 

8km cycle 

mean power    

 
286.5 (67.34) 286.8 (58.7) 0.95 -0.3 

-11.52 to 

10.92 

Run pace 

(min.km-1) 

     

Pace @ VO2Peak 
2km run 

mean pace   
 

 03:21.3 (00:21.3) 03:39.9 (00:27.3) 0.12 -18.6 
-41.66 to 

4.46 

 
Pace @ VT 

2km run 

mean pace   
 

 03:32.0 (00:21.3) 03:39.9 (00:27.3 0.06 -0.7 
-13.55 to -

0.25 
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Cycle 

There was no significant difference between the mean power output at VO2peak 

(344.0±63.4W) and the mean sMTR cycle power (286.8±58.7W); t=2.10, F(18), p=0.08. The 

relative sMTR cycle power was performed at 83.1±3.6% of the PPO at VO2peak and at 100.9±6.1% 

of the power output at ventilatory threshold (VT). 

Run 

There was no significant difference between the mean run pace at VO2peak 

(03:21.3±00:21.3min.km-1) and the mean sMTR run pace (03:39.9 ±00:27.3min.km-1); t=0.77, 

F(18), p=0.45. The relative sMTR run pace was performed at 92.0±4.4% of the run pace at VO2peak 

and at 96.9±3.9% of the run pace at VT. 

3.4.2. Physiological Variables 

Table 3.2 shows the mean (SD) of the physiological data for the individual maximal tests, relevant 

sMTR sections and the comparative p-values, CI, and 95%CI. 

Table 3. 2: Physiological variables expressed as group mean (SD) for relevant maximal tests and each 

mixed team relay simulation section.  

 Physiological 

variable  

Max test 

Mean-max 

(SD) 

Simulation 

Mean (SD) 

Two-tailed       

p-value 

Confidence 

interval 

95% CI 

Swim BLa (mmol.L-1) 10.6 (2.3) 9.7 (1.9) 0.33 0.9 -1.008 to 2.828   

 HR (beats.min-1) 166.3 (9.4) 164.2 (8.5) 0.61 2.1 -6.31 to 10.51 

Cycle BLa (mmol.L-1) 12.6 (1.9) 12.3 (2.4) 0.79 0.25 -1.738 to 2.238   

 HR (beats.min-1) 184.6 (8.5) 175.0 (10.7) 0.03* 9.6 0.55 to 18.65   

Run BLa (mmol.L-1) 8.2 (2.6) 9.7 (2.5) 0.21 -1.450 -3.818 to 0.918   

 

* = Significant difference between maximal test value and simulation value (p=<0.05). 
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Swim 

Blood lactate 

There was no significant difference between the mean CSS peak-[BLa] 

(10.6±2.3mmol.L-1) and the mean sMTR swim-[BLa] (9.7±1.9mmol.L-1); t=0.99, F(18), p=0.33. 

The relative sMTR swim-[BLa] was 92.0±7.9% of the [BLa] recorded following the CSS test.  

Heart rate 

There was no significant difference between the mean CSS peak-HR 

(166.3±164.2beats.min-1) and the mean sMTR swim HR (164.2±8.5beats.min-1); t=0.52, F(18), 

p=0.61. The relative sMTR swim-HR was 98.8±2.4% of the CSS test peak-HR. 

Cycle 

Blood lactate 

There was no significant difference between the mean cycle maximal test peak-[BLa] 

(12.6±1.9mmol.L-1) and the mean sMTR cycle-[BLa] (12.3±2.4mmol.L-1); t=0.26, F(18), 

p=0.79. The relative sMTR cycle-[BLa] was 98.6±17.8% of the peak [BLa] recorded following 

the laboratory maximal step test. 

Heart rate 

There was a significant difference between the mean cycle maximal test peak-HR 

(184.6±8.5beats.min-1) and the mean sMTR cycle HR (175.0±10.7beats.min-1); t=2.23, F(18), 

p=0.03. The mean relative sMTR cycle-HR was 94.8±3.4% of the laboratory maximal step test 

peak-HR. 

Run 

Blood lactate 

There was no significant difference between the mean treadmill maximal test peak-[BLa] 

(8.2±2.5mmol.L-1) and the mean sMTR run-[BLa] (9.7±2.5mmol.L-1); t=1.29, F(18), p=0.21. 



[72] 

 

The relative sMTR run-BLa was 121.8±28.8% of the [BLa] recorded following the laboratory 

maximal step test. 

3.5. Discussion 

The primary aim of the present study was to quantify the relative performance and physiological 

demands during the swim, cycle, and run sections of a sMTR compared to individual swim, cycle 

and run maximal tests. We hypothesised that sMTR would be performed at high relative 

performance and physiological percentages when compared to maximal tests. By expressing 

performance and physiological values in relative terms, we were able to provide comparison 

between maximal tests and each sMTR section. Additionally, relative values reduce the possible 

influence of gender or the level of triathlete tested (Basset & Boulay, 2000). 

The major findings were firstly, that the performance variables of sMTR swim (CSS), cycle 

(W), and run pace (min.km-1) are performed at a sustained relative high intensity when expressed 

as a percentage of the same variables measured during individual maximal tests. Secondly, that 

sMTR swim ([BLa]; HR), cycle ([BLa]; HR), and run ([BLa]) were performed with high relative 

physiological values when expressed as a percentage of the same variables measured during and 

following each of the individual maximal tests. 

3.5.1. Performance Measures 

Swim 

In the present study there was no significant difference between the mean CSS (m.sec-1) compared 

to the mean sMTR swim speed (m.sec-1). Indeed, the sMTR was performed at 95.3 ± 2.1% of the 

mean CSS. Previous triathlon research has reported the swim speeds of recreational SDT triathletes 

during a simulated SDT and observed a mean swim speed over 750m of 1.3±0.2m.sec-1 (Garcia-

Pinillos et al., 2016). The present study reported a slightly faster mean swim speed of 1.4±0.1 

m.sec-1 during sMTR. Previous research has also reported on swim speeds during ODT (Aoyagi 

et al., 2021; Delextrat et al., 2003; González-Haro, González-de-Suso, Padulles, Drobnic, & 

Escanero, 2005; Hausswirth et al., 1999; Schabort et al., 2000). González-Haro et al. (2005)  and 

Schabort et al. (2000) reported mean swim speeds of national and international level triathletes 

during simulated ODT swimming in a 25m pool, of 1.3 and 1.2m.sec-1, respectively. Additionally, 
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González-Haro et al. (2005) reported that mean ODT swim speed was performed a high relative 

intensity of 98% of maximal aerobic swim speed (MAS). Both Delextrat et al. (2005) and 

Hausswirth et al. (1999) reported mean swim speeds of national and international level triathletes 

during simulated ODT swimming in a 50m pool of 1.2m.sec-1.  

The present study utilized a 25m pool and thus can be comparable to data reported by 

González-Haro et al. (2005)  and Schabort et al. (2000). Swimming in a 25m pool may be more 

efficient due to the increased turns, therefore more pushes off the wall (González-Haro et al., 

2005). Regardless, sMTR swim speeds appear to be faster than that of SDT and ODT which 

highlights the effect of both the reduced swim distances in MTR (250m), SDT (750m), and ODT 

(1500m), and the associated reduced swim duration of each event (Wu et al., 2015a). 

Cycle 

The present results suggest no significant difference between the mean power output at 

VO2peak (344.0±63.4W) compared to mean sMTR cycle power (286.8±58.7W). Furthermore, the 

relative sMTR cycle in the present study was performed at a sustained high intensity (83.1 ± 3.6% 

of power output at VO2peak and 100.9 ± 6.1% power at VT).  

The present findings from a sMTR are notably different to previous studies that have 

examined SDT cycle performance. For example, Garcia-Pinillos et al. (2016) previously reported 

a sustained effort of up to 80% VO2max during simulated SDT in a sample of age group triathletes. 

Moreover, Taylor et al. (2012) reported peak power output of 307.0±19.5W and power at lactate 

threshold of 241.0±15.3W (78.1% peak power at VO2peak) in trained competitive triathletes. More 

recently, researchers reported that when compared to a cycle max test, power at VT expressed as 

a percentage of power at VO2peak (72.1±3.8%) is highly correlated with SDT race success well-

trained triathletes (Papavassiliou et al., 2019). Lastly, Wu et al. (2015a) reported power a mean 

power output of 263.3±37.9W during SDT competition. The present sMTR cycling data is of a 

higher sustained cycle intensity compared that reported for SDT cycling, further suggesting an 

effect of shorter race distance of MTR on performance variables compared to SDT. 

Previous research has reported that during ODT competition, high-performance and elite 

triathletes record sustained mean power outputs of 61% (Bernard et al., 2009), 60-63% (Le Meur 
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et al., 2009), and 73% (Aoyagi et al., 2021) of maximal aerobic power (MAP). The present study 

observed a sustained relative cycle PO of 83.1±3.6% PO at VO2peak, and at 100.9±6.1% of PO at 

VT. Importantly, during race conditions, pack and drafting dynamics may influence cycling 

efficiency (Le Meur et al., 2009). The present study utilised simulated cycling on a stationary 

ergometer. Bernard et al. (2009) reported variations between 60 and 100% of MAP, alluding to 

the stochastic nature of triathlon cycling during race conditions. For this reason, the present study 

included several maximal efforts during the sMTR to simulate chase scenarios or exits from 

corners, thus, providing a more valid comparison rather than a steady state or time to completion 

simulation.  

Previous research reported a sustained effort  of 71% VO2max during an ODT cycling 

section national level ODT triathletes (Miura, Kitagawa, Ishiko, & Matsui, 1994). The high 

relative VT of (100.9±6.1%) in the present study suggests a much higher sustained intensity 

required for maximal effort sMTR cycling compared to ODT cycling. This observation suggests a 

high reliance on anerobic metabolism to complete the cycle with high relative VT and VO2peak. 

Similar to our findings in relation to sMTR swimming performance, sMTR cycle performance 

appears to be performed at a higher relative intensity than cycling in both SDT and ODT. 

Run 

The present data suggests no significant difference between the mean run pace at VO2peak 

(03:21.3±00:21.3min.km-1) compared to the mean sMTR run pace (03:39.9±00:27.3min.km-1). 

Furthermore, and in agreement with our findings for the swim and cycle sections of the sMTR, the 

relative sMTR run was performed at a sustained relative high intensity (92.0±4.4% run pace at 

VO2peak and 96.9±3.9% run pace at VT.  

Previous research by Taylor, Smith, and Vleck (2011) reported a  mean run speed of 85.1% 

peak run speed in a cohort of well-trained competitive SDT triathletes, an intensity much lower 

than currently observed in a sMTR. Run speed at lactate threshold/VT are considered the best 

predictors for overall run and triathlon performance (Landers, Blanksby, Ackland, & Smith, 2000; 

Van Schuylenbergh et al., 2004). Moreover, Papavassiliou et al. (2019) reported that when 

compared to a treadmill run test, run speed at VT expressed as a percentage of run speed at VO2peak 
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(78.9±2.7%) is highly correlated with SDT race success. Therefore, SDT triathletes who sustain a 

high percentage of VO2peak during the run section or possess a high VO2peak, as seen in the present 

study investigating MTR, may have better overall results. Compared to the present study, SDT run 

intensity appears to be sustained at a lower intensity than that observed in sMTR running. 

 In the present study, sMTR run intensity was performed at 92.0±4.4% run pace at VO2peak. 

This intensity is much higher than that previously reported in a well-trained group of ODT 

triathletes of 85.1% VO2max (Suriano & Bishop, 2010a). Recently, Puccinelli et al. (2020) reported 

that a high percentage of run velocity at VO2peak may best predict performance during ODT racing 

when observing run performance of 75.5% of run speed at VO2max in national level triathletes. 

More recently, Aoyagi et al. (2021) reported a mean ODT run speed of 87.6% run speed at VO2max 

in well-trained male triathletes. Consistent with previous swim and cycle relative intensities, the 

running leg of a sMTR appears to be performed at a considerably higher sustained intensity than 

run speeds observed during both SDT and ODT.  

3.5.2. Physiological Measures 

Swim 

There was no significant difference between either the CSS peak-[BLa] (10.6±2.3mmol.L-1) and 

CSS peak-HR (166.3±164.2beats.min-1) when compared to the sMTR peak-[BLa] 

(9.7±1.9mmol.L-1) and mean sMTR HR (164.2±8.5beats.min-1). The relative sMTR swim-[BLa] 

was 92.0±7.9% of the peak CSS [BLa] and the mean sMTR swim-HR was 98.8±2.4% of peak 

CSS HR. Thus, consistent with the swim performance data discussed above, the present findings 

strongly suggest sMTR swimming is performed at a sustained high physiological intensity.  

When comparing the current findings with those from studies examining physiological 

response to swimming in a SDT, there is a paucity of previous research comparing relative SDT 

swim [BLa] and HR data compared to results observed from maximal tests. We observed peak 

BLa of 9.7±1.9mmol.L-1 following our sMTR 250m swim. Taylor and Smith (2013) reported a 

[BLa] of 8.0±1.8mmol.L-1 following SDT swimming simulation well-trained competitive 

triathletes while Garcia-Pinillos et al. (2016) reported a [BLa] of 9.7±3.3mmol.L-1 after a complete 

SDT simulation undertaken by 19 trained male triathletes. Compared to our findings, both Taylor 
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and Smith (2013) and Garcia-Pinillos et al. (2016) observed a lower overall [BLa] following ODT 

swim performance. Taken together, it appears that sMTR swimming is performed at a higher 

intensity than that observed in SDT. In relation to HR intensities, only one previous study has 

reported HR during a simulated SDT with values of 169.2±22.3beats.min-1, a finding slightly 

higher than that observed in the present study (164.2±8.5) (Garcia-Pinillos et al., 2016). This may 

have been caused by a difference in swimming pool length, as a shorter pool may allow for more 

efficient swimming (González-Haro et al., 2005). Differences in HR data collection methodology 

may also account for the variance in findings.  

When compared to ODT swim performance, our data suggest sMTR swim HR intensities 

of 98.8±2.4% CSS HRmax are higher. Previous research by Le Meur et al. (2009), and more 

recently by Aoyagi et al. (2021) reported values of 91% and 90%HRmax during ODT swimming 

in elite, and well-trained male triathletes, respectively.  Thus, our findings suggest that sMTR 

swimming is completed at a much higher sustained HR and intensity than previously published 

research examining both SDT and ODT swim performance. 

Cycle 

The present data suggest there was no significant difference between mean cycle maximal 

test peak-[BLa] (12.6±1.9mmol.L-1) and post sMTR cycle-[BLa] (12.3±2.4mmol.L-1). The 

relative sMTR cycle-[BLa] was 98.6±17.8% of the cycle max test peak [BLa]. However, there was 

a significant difference (+9.6±2.2beats.min-1; p = 0.03) between the mean cycle max test HR and 

mean sMTR cycle HR. Three possible reasons may explain this finding. Firstly, the triathletes 

consciously paced the start of the sMTR cycle section to preserve energy or recover from the 

preceding swim section. Secondly, the duration of the cycle maximal test was longer than the time 

taken to complete the sMTR cycle and thus had a greater cardiovascular load. Finally, the 

stochastic nature of the sMTR cycle may have provided periods of recovery in between sprint 

efforts. The mean relative sMTR cycle HR was 94.8±3.4% of the mean cycle max tests HR, 

suggesting that sMTR cycling is performed at a sustained high intensity.  

To date only one study has examined [BLa] response to cycling during a SDT. Taylor et 

al. (2011) reported a [BLa] of 9.1±2.8mmol.L-1 following simulated SDT cycling, lower than that 
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observed in the present sMTR study (12.3±2.4mmol.L-1). However, Taylor et al. (2011), Wu et al. 

(2015a), and  Garcia-Pinillos et al. (2016) reported on cycle HR during SDT testing (175±6 

beats.min-1), SDT competition (159±10 beats.min-1), and SDT simulation (163±12beats.min-1), 

respectively. Compared to our findings related to the sMTR cycling (175.0±10.7 beats.min-1), 

these previously observed SDT cycling HR values are lower than the present study observed, again 

highlighting the higher intensity demands of the MTR compared to SDT.  

The present study utilised a variable sMTR cycle and reported a [BLa] of 12.3mmol.L-1, 

much higher than any previously observed [BLa] during ODT cycling. Only one previous study 

has reported [BLa] during ODT simulated cycling and compared constant (2.9±1.6mmol.L-1) 

versus variable (7.6±1.7mmol.L-1) cycling conditions (Etxebarria, Hunt, Ingham, & Ferguson, 

2014c). Another observational study reported that after the cycle section of an ODT race, the mean 

[BLa] was 6.89mmol.L-1, however; no relative comparison was made to a maximal test (Lopes et 

al., 2012). Variable cycling with intense efforts interspersed may reflect race conditions more 

accurately and cause a greater metabolic demand and subsequent acidosis compared to constant 

cycling (Péronnet & Aguilaniu, 2006).  Additionally, a shorter maximal cycle effort during sMTR 

may have reduced the time spent consciously pacing to conserve energy (Le Meur et al., 2009).  

The present study reported a mean HR during sMTR cycling of 175.0±10.7beats.min-1 and 

94.8±3.4% of HRmax. Previous studies have measured HR during simulated ODT cycling and 

observed HR vales of 163±12beats.min-1 (Etxebarria et al., 2014c) and 159±8 beats.min-1 (Wu et 

al., 2015a) in elite, well-trained competitive males respectively. During actual ODT competition, 

relative values of 91%HRmax (Aoyagi et al., 2021) and 86.3%HRmax (Lopes et al., 2012) have 

been reported in national, elite, and recreational level triathletes, respectively. Based on the present 

findings, it appears that sMTR cycling is performed at a higher sustained metabolic load compared 

to both SDT and ODT.  

Run 

In the present study, there was no significant difference between the mean treadmill 

maximal test peak-[BLa] (8.2±2.5mmol.L-1) and the mean post sMTR run-[BLa] (9.7±2.5mmol.L-

1). Furthermore, the relative sMTR run-BLa was 121.8±28.8% of the run maximal test peak [BLa]. 
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Two possible explanations for the high relative [BLa] are firstly, a cumulative build-up of lactate 

from the preceding cycle section of the sMTR; and secondly, due to the short and intense effort of 

the sMTR run, lactate removal may have been surpassed by lactate production. During simulated 

SDT triathlon running, Taylor and Smith (2013) reported [BLa] of 9.8±2.3mmol.L-1 compared to 

9.6±2.3mmol.L-1 during an isolated run in competitive male triathletes. The researchers noted that 

there was no significant difference in SDT or isolation run RPE and speed, which may suggest that 

the triathletes took on an all-out mentality, or paced the isolated run as they would an SDT run due 

to prior conditioning or pacing strategies implemented during the SDT. Similarly, the present 

study, considering the relative [BLa] comparison (121.8±28.8% of the run max test peak [BLa]), 

the triathletes may have undertaken an all-out approach given the short nature of the sMTR 2km 

run.  

To date, only one study has reported a running [BLa] of 4.5mmol.L-1 following a simulated 

ODT run as part of a complete ODT race (Lopes et al., 2012). However, no relative comparison 

with a maximal run test was reported. Taken together, it appears that sMTR running is performed 

at a much higher metabolic load than both SDT and ODT running.  

3.6. Conclusion 

The present study is the first to quantify and make relative performance and physiological 

comparisons between sMTR and individual maximal tests for swimming, cycling and running. 

Furthermore, the study design included a complete sMTR with controlled transitions to enable 

measurement of physiological variables. The findings highlight that the individual sections of a 

sMTR are performed at a very high intensity relative to individual maximal tests for the swim, 

cycle and run sections of an MTR. Moreover, taken together, the sMTR performance and 

physiological data strongly suggest that sMTR is performed at a higher sustained effort than both 

SDT and ODT when relating to findings from previous research. 

Triathlon is unique due to the multisport nature of the various event distances. By focusing 

on a complete sMTR, we believe the current study will help inform coaches, sport scientists, and 

triathletes of the specific performance and physiological demands required to be able to design 

and plan training plans to meet the specific demands of MTR competition. For example, by being 
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aware of the relative performance requirements, the data presented in Tables one and two may 

serve as a guide of training targets to progress towards or exceed. 

Limitations of the present study are that the simulation may not reflect MTR competition 

factors such as the influence of pack dynamics, the influence of other competitors, and the potential 

benefits of drafting tactics in all three sections of MTR triathlon. Moreover, we acknowledge the 

fact that we had rest periods between each of the sections of the sMTR that may have influenced 

both performance and physiological measurement data. Future research may seek to compare 

relative maximal test variables collected within a race or competition context. 

3.7. Acknowledgments  

This research was supported by an Australian Government Research Training Program 

Scholarship. The authors would also like to thank the coaches Dan Atkins, Jenny Alcorn, and all 

triathletes for their advice, time, and participation that made the complex data collection possible, 

particularly given the impact of the Covid crisis and Olympic game preparation. Finally, Triathlon 

Australia for their ongoing support. 

The references in the present Study 1 (Chapter 3) are not contained in a reference list at 

the end of this chapter. All references are included in a whole of thesis reference list at the 

end of this thesis. 

Referencing style has been altered to conform to APA 6th edition in order to maintain 

consistency of referencing style throughout the thesis and to conform to Bond University 

thesis submission guidelines. 

 

 

 

 

 



[80] 

 

Chapter 4: The Effect of a Specific High Intensity Warm-up on 

Simulated Mixed Teams Relay Triathlon Performance. 

Palmer, R. B.,1 Eastwood, A.,1,2 D’Auria, S.,3 & Reaburn, P. R. J.1 

1Bond University, Gold Coast, Australia. 2Somerset College, Gold Coast, Australia. 3Queensland Academy of Sport, 

Brisbane, Australia. 

 

 

 

 

 

 

 

 

 

 

This chapter is an exact copy of the manuscript that has been submitted for review to the journal 

European Journal of Sports Sciences, with the exception of font formatting and referencing style. 

European Journal of Sports Sciences Impact factor: 1.252; Quartile 2 in Sports Science (2020). 

 

The font formatting has been altered to match that consistent with the thesis formatting 

guidelines of Bond University.  

Referencing format has been altered to conform to APA 6th edition in order to maintain 

consistency of referencing style throughout the thesis. 

The references in this manuscript are not contained in a reference list at the end of this chapter. 

All references are included in a whole of thesis reference list at the end of this thesis. Figure 

numbers in this manuscript have been altered to align with chapter numbers. 

 



[81] 

 

4.0. Chapter 4 Pre-amble 

The findings from Paper 2 (Chapter 3) revealed that simulated mixed teams relay triathlon (sMTR) 

is performed at a very high intensity in high performance and elite male and female triathletes. The 

results highlighted that each section of the sMTR performance (Swim CSS, msec-1; Cycle power, 

Watts; Run pace, km.min-1) were not significantly different when compared to the relevant 

maximal test data when expressed as a relative percentage of the sMTR section.  

Study 1 finding suggests that during sMTR, triathletes sustain near maximal values for the 

duration of each sMTR section. For example, sMTR is performed at a sustained intensity of 

95.3±2.1% CSS, 100.9±6.1% of cycle power at ventilatory threshold (VT), and 96.9±3.9% of run 

pace at VT. Furthermore, sMTR is performed at a physiological load resulting in swim, cycle, and 

run blood lactate concentrations of 92.0±7.9%, 98.6±17.8%, and 121.8±28.8% compared to the 

peak [BLa] garnered from each respective maximal test. 

 Given the clear sustained high intensity and need for a fast start during sMTR, the aim of 

Paper 3 (Chapter 4) was to investigate the effects of three different triathlon-specific warm-up 

protocols on sMTR performance. In particular, given the findings of both the Systematic Review 

(Paper 1) and the sMTR study examining the physiological demands of MTR (Study 2), the 

importance of investigating the effect of a high-intensity warm-up on MTR triathlon performance 

is warranted. 
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4.1. Abstract 

Dynamic warm-up (WU) strategies have previously been shown to benefit various performance, 

physiological, and perceptual measures. Due to the fast start and high intensity of mixed teams 

relay (MTR) triathlon racing, a specific race day WU may benefit MTR performance. The aim of 

the present study was to investigate the effectiveness of three different specific WUs on subsequent 

simulated mixed teams relay triathlon (sMTR; 300m swim, 10.5-min cycle & 1.8km run) 

performance. Six high-performance and elite short-distance triathletes volunteered for the study 

(3M: 3F; 20.3±1.9yr; Cycle PPO 910.7±92.8W; Cycle APP 308.2±51.1W). A randomised 

crossover counterbalanced design investigated the effect of three specific 20-min triathlon WUs 

on sMTR performance, physiological, and perceptual measures: a moderate intensity aerobic run-

swim (WU1), a high intensity intermittent (HII) swim-cycle (WU2), and a plyometric/dryland-

circuit based WU (WU3).  sMTR performance was significantly improved by 1.2-1.3% following 

WU2 (1174.8±59.2sec) compared to WU1 (1189.2±66.1sec) and WU3 (1191.8±66.1). 1.8km run 

performance was significantly faster following WU2 (336.3±46.3sec) compared to WU1 

(350.4±54.1sec) and WU3 (350.5±50.3sec). [BLa] was significantly lower pre-run following WU2 

(7.7±1.9mmol.L-1) compared to WU1 (11.6±2.7mmol.L-1) and WU3 (11.1±2.8mmol.L-1). In 

conclusion, a sport specific and progressive HII swim-cycle triathlon WU may improve run and 

overall sMTR performance. 

Keywords 

Olympics, triathlon, physiology, elite, performance. 

 

 

 

 

  



[83] 

 

4.2. Introduction 

Mixed teams relay (MTR) triathlon is a unique and complex multisport event that requires athletes 

to complete swimming (250-300m), cycling (6-8km), and running (1.5-2km) before tagging the 

next triathlete to complete the same sections in a relay format in order (1F; 1M; 1F; 1M) in the 

fastest possible time (ITU, 2018). Given the short and intense nature of the MTR compared to 

Olympic and sprint distance triathlons (ODT; SDT), MTR competitors need to specifically prepare 

for this recently debuted Olympic sport through both specific triathlon training (Etxebarria et al., 

2014b) and strength and conditioning (Luckin-Baldwin et al., 2021).  

The completion of a sport specific and dynamic warm-up (WU) prior to competition is 

widely accepted as an effective way to physically and mentally prepare athletes for the demands 

of subsequent competition (Binnie et al., 2012; Boullosa, 2021; Mason, McKune, Pumpa, & Ball, 

2020; McGowan, Pyne, Thompson, & Rattray, 2015). The benefits of warming up dynamically 

include metabolic and cardiovascular benefits such as increased core and muscle temperature, 

increased cardiovascular function, elevation of baseline VO2, and an improved VO2 kinetics 

(Bailey, Vanhatalo, Black, DiMenna, & Jones, 2016; Bishop, 2003a, 2003b; Harrison, James, 

McGuigan, Jenkins, & Kelly, 2020; Jones et al., 2003; Silva, Neiva, Marques, Izquierdo, & 

Marinho, 2018). Moreover, performance enhancement is more consistent when movements are 

biomechanically similar to the movement of the preceding effort (Munro, Stannard, Fink, & 

Foskett, 2017). Furthermore, sport-specific high intensity (HI) WUs may enhance the 

neuromuscular input (plyometric movements) and metabolic enzyme activity (intermittent efforts) 

of the target muscle group (Bishop, 2003a, 2003b; Bishop, Bonetti, & Spencer, 2003; Boullosa, 

2021; Harrison et al., 2020). 

Sport specific HI WU strategies have previously been shown to enhance subsequent 

performance in sprint swimming (Czelusniak, Favreau, & Ives, 2021; McGowan et al., 2016), 

sprint cycling (Munro et al., 2017; Yanaoka et al., 2020), middle-distance running (González-

Mohíno et al., 2018) and supramaximal kayaking (Bishop et al., 2003). However, to date, only one 

study (Binnie et al., 2012) has investigated the effect of three different WU strategies on 

performance during a simulated SDT and reported no improvement in subsequent performance.  
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Triathlon racing is unique as it involves the successive completion of a swim, cycle and 

run component. Moreover, due to the fast start and high intensity of MTR racing (Chapter 3) 

(Palmer, Eastwood, & Reaburn, 2021), a specific race day WU may enhance MTR performance. 

Therefore, the aim of the present study was to examine the effectiveness of a high intensity 

intermittent (HII), a plyometric/dry land circuit (PLYO/DLC) triathlon specific WU, and moderate 

aerobic triathlon WU, on subsequent simulated MTR (sMTR) performance. We hypothesised that 

either a HII or PLYO/DC will improve MTR performance compared to a moderate aerobic WU. 

4.3. Methods 

4.3.1. Participants 

Six high-performance and elite short-distance triathletes volunteered for the study (3M: 3F; 

20.3±1.9yr; Cycle PPO 910.7±92.8W; Cycle APP 308.2±51.1W). Each triathlete provided written 

informed consent and ethical approval was granted by the Bond University Human Research 

Ethics Committee (Project number: RP02312). 

4.3.2. Study Design 

A randomised crossover counterbalanced design compared three specific triathlon WU 

interventions on performance, physiological, and perceptual variables during sMTR triathlon. 

Firstly, each triathlete completed a cycle-power profile test to determine aerobic peak power (APP; 

Watts) (Quod, Martin, Martin, & Laursen, 2010). Subsequently, each triathlete completed three 

further experimental sessions which comprised of one of three triathlon-specific WUs prior to 

completing a sMTR triathlon. The WUs were designed based on previous research and the input 

of both an elite coach and a triathlon-focused sport scientist from a sports academy (SD). There 

was a minimum of 48-hours between sessions and each triathlete completed their sessions at the 

same time of day. Triathletes were requested to withhold from strenuous exercise, alcohol (<24-

hours), and caffeine (<12-hours) prior to all testing sessions and to replicate their nutrition as per 

session one for any subsequent experimental sessions. No food was consumed up to two-hours 

prior to the commencement of any sessions while water was permitted ad-libitum.  
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4.3.3. Cycle power profile test 

Following a 10-mins self-selected WU, triathletes completed a six-stage power profile test. Each 

stage increased in duration with athletes instructed to cycle maximally with verbal encouragement 

given. The six-stage cycle power profile test has been previously described (Quod et al., 2010). 

The average and peak power for each stage was recorded, and analysed using the TrainerRoad 

software package (Peaksware, Las Vegas, Nevada). All tests were completed using the same cycle 

ergometer (Watt Bike Pro, Nottingham, UK) calibrated as per manufacturer instructions in a 

temperature-controlled laboratory (22±20C; Relative humidity 45±5%). The average power for 

stage-six was considered APP and used to individualise power prescriptions during WU2, and the 

variable cycle section of the sMTR. 

4.3.4. Warm-up Conditions 

All WU conditions lasted for 20-min and consisted of triathlon-specific movements (Binnie et al., 

2012). Swim components occurred in a heated (270C) indoor 25m pool, cycle components 

occurred on a cycle ergometer (Watt Bike Pro, Nottingham, UK) in an area set up adjacent to the 

pool (26±20C; Relative humidity, RH 60±5%), and run components on an outdoor grass pitch 

(25±-20C; RH 55±5%). Upon cessation of each WU, there was an 8-min passive recovery period 

prior the commencement of the swim section of each sMTR based on the rationale that previous 

research has suggested that warm-up recoveries lasting eight to 20-min are most effective (Bailey 

et al., 2016; Bishop, 2003a). Due to the highly applied nature of the present study and conditions 

around MTR race day marshalling, 8-min was chosen to better reflect a race-day context. 

Continuous heart rate (beats.min-1) was recorded for the duration of all WUs and recovery periods. 

Blood lactate concentration ([BLa]) was measured at rest, immediately upon warm-up cessation 

(BLa0) and four minutes post warm-up (BLa4).  

Warm-up one 

 Warm-up one (WU1) consisted of a moderate aerobic (Binnie et al., 2012) run (10-min) 

and swim (10-min). Triathletes were encouraged to be progressive and self-sufficient as 

recommended by their elite head coach. Importantly, each of the two components was completed 

at a self-perceived intensity of no more than six out of 10. 

 



[86] 

 

Warm-up two 

Warm-up two (WU2) consisted of a HII swim set (10-min) and HII cycle (10-min). Both 

components were structured to be progressive and intermittently anaerobic. Firstly, the swim set 

consisted of: 200m freestyle (easy pace); two 100m individual medley (25m each stroke; easy 

pace); three 25m freestyle at self-perceived 80, 90 and 95% race pace; two 25m freestyle (10m 

self-perceived race pace, 15m easy pace); two × 25m freestyle self-perceived race pace (McGowan 

et al., 2016; Neiva et al., 2014). Secondly, the cycle component consisted of five-min at ~55% 

APP; five-min HII cycling comprised of five 10-sec sprints at 200% APP interspersed with 50-sec 

active cycling at ~55% APP (Bishop et al., 2003c).  

Warm-up three 

Warm-up three (WU3) consisted of four components structured to be plyometric and 

dryland focused. Firstly, triathletes completed an initial moderate aerobic run (5-min) on an 

outdoor grass pitch at a self-perceived intensity of no more than five out of 10. Secondly, a four-

min plyometric running drills set on an outdoor grass pitch (Turner, Bellhouse, Kilduff, & Russell, 

2015). Each set comprised of four 20m run-throughs, on the minute, alternating with either 10m 

of high-knees or single-leg bounding into a 10m sprint. The sprint portion progressively increased 

in self-perceived intensity from seven to 10 out of ten. Thirdly, following a one-minute passive 

rest period, triathletes completed four intermittent skipping-rope sets with a 30: 30-sec work: rest 

ratio. Finally, following a one-min rest period, triathletes completed a five-min dryland swim 

circuit (DLSC) (McGowan et al., 2016). The DLSC comprised of three sets of three exercises 

completed sequentially. Each exercise was completed at maximum effort interspersed with 10-sec 

rest between exercises and 30-sec rest between sets. The three exercises were: three 2kg medicine 

ball throwdowns; five overhead resistance band (Iron Edge 41” light-medium band) pull-aparts; 

and three 40cm box jumps. 

4.3.5. MTR simulations 

Swim section 

The sMTR firstly required triathletes to complete a 300m swim at a perceived race intensity. The 

swim occurred in a heated (270C) 25m indoor pool and began with a dive start. Continuous heart 
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rate and stroke rates were recorded during the swim section using a waterproofed GPS unit (SPI-

HPU, GPSports, Australia) fixed in a specialised pocket underneath the triathletes’ race suits and 

positioned in between two the scapulae. HR data was measured continuously at a rate 10hz (SPI-

HPU, GPSports, Australia). Time to completion (TTC), [BLa] and RPE (1-10 scale) were recorded 

immediately after the final swim lap. Upon exiting the pool triathletes walked to a designated 

“transition” area 20m away adjacent to the cycle ergometer where they were able to access a water 

bottle and prepare for the cycle section. 

Cycle section  

The cycle section required triathletes to complete a 10.5-min variable cycle on the same 

cycle ergometer used for the cycle power profile test and WU (WU2) in an area set up adjacent to 

the pool (see Appendix 6, pages 148-149) (26±20C; Relative humidity, RH 60±5%). A variable 

cycle was chosen over a constant workload or time trial in order to replicate the demands of a 

triathlon race as much as possible (Bernard et al., 2009; Etxebarria et al., 2014b). A female and 

male cycle power file from the same World Cup MTR race was analysed prior to the study and 

used to create a template of which to apply individual APP (Watts; see Appendix 4, pages 138-

140). The template allowed each triathlete to perform the same variable cycle power matched 

across conditions, relative to their individual APP during each of the three MTR simulations. A 

laptop was set up in front of the cycle ergometer. Using the TrainerRoad software package, 

triathletes were given times at varying percentages above or below their APP based on the race 

profile template. Using Blue-ANT connectivity, triathletes were provided real time visual feedback 

of their power outputs versus the template guide (see Appendix 5, pages 141-142). Power data and 

continuous heart rate using a chest-worn heart rate strap (Polar Electro, Finland) was recorded by 

the TrainerRoad software. Upon cessation, triathletes returned to the “transition” area next to the 

cycle ergometer where RPE and [BLa] were recorded. Additionally, triathletes were able to access 

a water bottle, if desired, and change footwear prior to walking to the start of the outdoor run via 

an exit 20m adjacent to the pool deck. 

Run section 

The run section required triathletes to complete a 1.8km outdoor run (25±-20C; Relative 

humidity 45±5%) on an asphalt surface which comprised of two 900m pre-determined loops 
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starting and finishing at the same point (see Appendix 7, pages 149-150). Triathletes were 

instructed to complete the self-paced run in the fasted time possible. GPS units (SPI-HPU, 

GPSports, Australia) were used to ensure the run course was followed and comparable between 

triathletes across each of their three sMTR efforts. Continuous run pacing (min.km-1; Stryd, 

Colorado, U.S.A) and HR (beats.min-1) were recorded for the entire duration of the run. Upon run 

cessation, triathletes were provided a water bottle whilst a final [BLa] was recorded. Triathletes 

were monitored by the coach and research team for well-being and encouraged to undertake an 

active cooldown following each sMTR. 

The transition periods between the swim-cycle and the cycle-run were controlled at two-

minutes. Firstly, to remove the influence any within participant transition time variations on overall 

TTC; secondly, to allow adequate time for the measurement of variables of interest. 

4.3.6. Variables 

Performance 

Time to completion (TTC; sec) for the swim and run were recorded individually and added to the 

10.5min cycle time, whilst controlled transition times were removed to give the overall MTR TTC. 

A separate timer was run to record the sMTR from start to finish to confirm the time. 

Run pacing (min.km-1) was recorded using a Stryd wearable foot-pod (Stryd, Colorado, 

U.S.A) attached to the right shoe throughout the entire run section. Upon run completion, the data 

was immediately uploaded using the Stryd Application. Individual files were later analysed for 

average run pace per lap using the Stryd analysis platform. The reliability and validity of the Stryd 

foot-pod have previously been assessed (García-Pinillos, Roche-Seruendo, Marcén-Cinca, Marco-

Contreras, & Latorre-Román, 2018; Navalta et al., 2019) . 

Physiological 

Heart rate (beats.min-1) was recorded throughout the sMTR at a rate of 10Hz by a 

waterproofed GPS unit (SPI-HPU, GPSports, Australia) fixed in a specialised pocket, underneath 

the triathletes’ race suits, positioned in between the two scapulae and using a chest-worn heart rate 

strap (Polar Electro, Finland). Following each simulation, individual files were downloaded as raw 

data and analysed using event timestamps to locate individual sections of interest. 
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[BLa] (mmol. L-1) was measured via capillary fingertip sample (5μl) using a Lactate-Pro 2 

analyser (Arkray, Shiga, Japan). 

Perceptual 

 A 10cm visual analogue scale (Brophy-Williams, Driller, Kitic, Fell, & Halson, 2017) was 

used to rate (0cm strongly disagree; 10cm strongly agree) each triathletes’ readiness to perform 

based on the following statement: Using the scale below please mark the line to rate how ready 

you feel to perform your best after the warm-up conducted. 

4.3.7. Statistical analysis 

Data were analysed using GraphPad Prism software (Version 9, GraphPad Software, LLC). A one-

way repeated measures analysis of variance (ANOVA) was used to determine significant 

differences between warm-up conditions.  for the variables of interest. Post-hoc, a Tukey's multiple 

comparisons test further assessed the significance differences of the mean values between the three 

warm-up conditions. Significance was set at p≤0.05. The magnitude of differences in means 

between groups was assessed using effect sizes (ES) calculated as Cohen’s d. The criteria used to 

interpret the ES are: <0.2 trivial, >0.2–0.6 small, >0.6–1.2 moderate, >1.2 large (Hopkins, 2017). 

4.4. Results 

4.4.1 Performance Variables 

Overall sMTR triathlon time 

There was a significant difference in mean sMTR performance time between the three warm-up 

conditions at the p=<.05 level; F(2,5)=12.5, p=0.016. WU2 was significantly faster 

(1174.8±59.2sec) than both WU1 (1189.2±66.1sec) and WU3 (1191.8±66.1sec) (Figure 4.1). 

There was a small effect size between WU2 when compared to WU1 (ES=0.23) and WU3 

(ES=0.27). 
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Figure 4. 1: Mean overall sMTR times (Sec) for each warm-up. *Significant (p<0.05) difference WU2 

compared to WU1 and WU3. 

Swim time 

There was a significant difference in mean sMTR swim time between the WU2 

(208.1±16.0sec) and WU3 (211.3±17.7sec) conditions at the p=<.05 level; F(2,5)=3.12, p=0.03. 

There were no significant differences between WU1 (208.8±13.7sec) and WU2 or WU1 and WU3 

(Figure 2). The was a trivial effect size (ES=0.19) between WU2 and WU3. 

 

 

 

 

 

 

 

 

 

Figure 4. 2: Mean overall sMTR swim times (Sec) for each warm-up. *Significant (p<0.05) difference WU2 

compared to and WU3. 
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MTR run performance 

There was a significant difference in mean sMTR run time between the three warm-up 

conditions at the p=<.05 level; F(2,5)=12.03, p=0.003. WU2 was significantly faster 

(336.3±46.3sec) than both WU1 (350.4±54.1sec) and WU3 (350.5±50.3sec) (Figure 4.3). There 

was a small effect size between WU2 when compared to both WU1 (ES=0.28) and WU3 

(ES=0.29). 

 

 

 

 

 

 

 

 

Figure 4. 3: Mean run times (sec) for each warm-up. *Significant difference (p<0.05) WU2 compared to 

WU1 and WU3. 

Run pacing 

There was a significant difference in mean sMTR lap one run pace between the three warm-

up conditions at the p=<.05 level; F(2,5)=9.77, p=0.04 (Figure 4). WU2 was significantly faster 

(3:19±0:25 min.km-1) than both WU1 (3:27±0:29min.km-1) and WU3 (3:29±0:31min.km-1) 

(Figure 4.4). There was a small effect size between WU2 when compared to WU1 (ES=0.31) and 

WU3 (ES=0.29). 
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Figure 4. 4: Lap one mean run pace (secs) for each warm-up. *Significant difference (p<0.05) WU2 

compared to WU1 and WU3. 

 

 

4.4.2. Physiological Variables 

Pre-run (Post-Cycle) blood lactate 

There was a significant difference in sMTR pre-run (post-cycle) [BLa] the three warm-up 

conditions at the p=<.05 level; F(2,5)=8.13, p=0.02. WU2 was significantly lower (7.7±1. 

9mmol.L-1) than both WU1 (11.6±2.7mmol.L-1) and WU3 (11.1±2. 8mmol.L-1) (Figure 4.5). There 

was a large effect size between WU2 when compared to both WU1 (ES=1.7) and WU3 (ES=1.4).  

 

 

 

 

 

 

 

Figure 4. 5: Blood lactate concentration pre-run (post-cycle) for each warm-up. *Significant (p<0.05) 

difference WU2 compared to WU1 and WU3. 
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Post warm-up blood lactate 

There was a significant difference between the mean of the zero and four minutes post 

warm-up [BLa] at the p=<.05 level; F(2,5)=17.2, p=0.06. WU2 (2.7±0.3mmol.L-1) was 

significantly higher than WU1 (1.3±0.4mmol.L-1) and WU3 (1.5±0.2mmol.L-1). There was a large 

effect size between WU2 when compared to both WU1 (ES=2.3) and WU3 (ES=2.8). 

Warm-up heart rate 

There was a significant difference in mean warm-up HR between the WU2 

(142.8±4.0beats.min-1) and WU3 (125.6±8.7beats.min-1) conditions at the p=<.05 level; 

F(2,5)=10.74, p=0.003. There was no significant differences between WU1 (134.0±8.3beats.min-

1) and WU2 or WU3. There a large effect size (ES=2.4) between WU2 compared to WU3 and a 

large effect size (ES=1.35) between WU1 compared to WU2. 

Pre-start heart rate 

There was a significant difference in mean HR during the final-minute of recovery between 

the WU2 (125.4±8.6beats.min-1) and WU3 (111.6±6.4beats.min-1) conditions at the p=<.05 level; 

F(2,5)=9.64 p=0.004. There were no significant differences between WU1 (111.7±16.4beats.min-

1) and WU2 (p=0.6) or WU3. There a large effect size (ES=1.8) between WU2 compared to WU3 

and a large effect size (ES=1.05) between WU1 compared to WU2. 

4.4.3. Perceptual Variables  

Readiness to perform scale 

There was a significant difference in mean perceived readiness to perform between the WU2 

(7.6Av) and WU3 (5.7Av) conditions at the p=<.05 level; F(2,5)=3.17 p=0.001. There were no 

significant differences between WU1 (6.6Av) and WU2 or WU3 (Figure 4.6). There a large effect 

size (ES=1.58) between WU2 compared to WU3 and a small effect size (ES=0.53) between WU1 

compared to WU2. 

 



[94] 

 

 

 

 

 

 

 

 

 

 

Figure 4. 6: Perceived readiness to perform visual scale scores for each warm-up. ***Significant (p≥0.001) 

difference between WU2 compared to WU3. 

 

4.5. Discussion 

The primary aim of the present study was to examine the effectiveness of three triathlon specific 

WUs on subsequent sMTR performance. These WUs included a moderate aerobic run-swim 

(WU1), a HII swim-cycle WU (WU2), and a plyometric/dry-land circuit (PLYO/DLC) triathlon 

specific WU (WU3). We hypothesised that a specific HII WU or PLYO/DLC would be most 

beneficial compared to a moderate intensity aerobic warm-up. This is the first study to investigate 

the effect of HII WU protocols on subsequent sMTR performance.  

The major findings were that, following a HII swim-cycle WU (WU2), both overall sMTR 

triathlon time and sMTR run performance were significantly improved compared to a moderate 

aerobic run-swim WU (WU1) and plyometric/dry-land circuit WU (WU3). Additionally, the mean 

run pace (min.km-1) for lap one of sMTR running was significantly faster during the WU2 

condition compared to both WU1 and WU3. Furthermore, the [BLa] pre-run (post-cycling) was 

significantly lower following WU2 compared to WU1 and WU3. Thus, the present data strongly 

suggests that performing a progressive anaerobic HII swim-cycle WU improves sMTR run and 

overall performance compared to either a moderate aerobic swim-run or plyometric/dry-land 

circuit WU.  
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Furthermore, the present data suggest that sMTR swim performance was improved 

following WU2 compared to WU3. Importantly, WU3 included only a dryland swim WU with no 

time in the pool. Only one previous study has examined the effects of a specific triathlon WU on 

subsequent SDT triathlon performance (Binnie et al., 2012). The researchers reported no 

significant improvement in either SDT swim or overall performance following either a moderate-

aerobic swim only WU or a moderate-aerobic swim-run WU, compared to a no WU control 

condition. Both the present study and Binnie et al. (2012) completed simulated MTR and SDT 

swimming in a 25m pool and instructed triathletes to swim at perceived race pace. Binnie et al. 

(2012) suggested that their post WU recovery time was not long enough and the intensity of the 

WU conditions was too low. The present study was designed based on these limitations.  For 

example, we included HII efforts of race pace (swim) and intervals of up to 200% APP (cycle) 

(Bishop et al., 2003). Additionally, the previous researchers (Binnie et al., 2012) didn’t include a 

WU condition involving cycling. Interestingly, driven by the fact that during MTR triathlon, 

cycling makes up ~60-65% of the total race time. WU2 in the present study included a HII cycling 

component that impacted positively on both overall sMTR performance and run performance. 

According to the existing WU literature, it is important to engage in a WU of sufficient 

intensity in order to prime the relevant neuromuscular and metabolic systems (Bishop, 2003b; 

Czelusniak et al., 2021; McGowan et al., 2015; Yanaoka et al., 2020). Furthermore, it is suggested 

to be of importance to include a balanced ratio of intensity and post WU recovery time to reduce 

the effect of any potential metabolic fatigue yet maintain the priming benefits of the WU (Bishop, 

2003b; Jones, Wilkerson, Vanhatalo, & Burnley, 2008). Additionally, a HI and movement-specific 

WU has been successful in individual sports such as cycling  (Bailey et al., 2016; Ktenidis et al., 

2020; Lanzi, Borrani, Wolf, Gojanovic, & Malatesta, 2012; Palmer, Jones, Kennedy, & Cotter, 

2009), running (González-Mohíno et al., 2018; Turner et al., 2015) , and kayaking (Bishop et al., 

2003).  

In the present study, sMTR 10.5-min variable cycle PO was matched at an individual level 

for each of the WU conditions. However, it appears that the variable triathlon style cycle WU (N. 

Etxebarria et al., 2014b) was well tolerated in the present study for a number of reasons. Firstly, 

the [BLa] pre-run following WU2 was the lowest of the three conditions (Figure 4.5). Secondly, 
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both lap one run pacing (Figure 4.4) and overall run time (Figure 4.2) were significantly faster 

during the WU2 condition compared to both WU1 and WU3. Interestingly, the lower pre-run 

[BLa] may explain the improved sMTR run time and therefore, overall sMTR performance, 

particularly given the recent evidence of the value of the run leg on overall triathlon performance 

(Etxebarria et al., 2021).  

While we did not directly measure cycling performance, improved cycle performance has 

previously been reported following a cycling specific WU that included a high intensity component 

(Bailey et al., 2016; Palmer et al., 2009). For example, four km time trial performance significantly 

improved (2.0±2.3%) when a group of well-trained cyclists performed a WU that included high 

intensity cycling efforts compared to more aerobic WU (Palmer et al., 2009). More recently, Bailey 

et al. (2016) reported that following a HI primed cycle WU, 40km cycling performance was 

significantly improved compared to an un-primed control (92±8sec vs. 98±11sec, respectively). 

The present sMTR cycling may have been better tolerated due to the inclusion of a HII 

cycling WU. Some of the proposed mechanisms that HI priming may improve subsequent 

performance or tolerance include a reduction of the VO2 slow component, increase in the amplitude 

of the primary VO2 response, an increase in mitochondrial respiration, changes in muscle 

temperature causing increased microvascular perfusion of oxygenated blood, increased activity of 

mitochondrial enzymes, or priming of lactate/H+ buffering systems (Bishop et al., 2003; 

Czelusniak et al., 2021; Jones et al., 2003; Yanaoka et al., 2020). Initially, at the onset of exercise, 

particularly HI exercise, initial energy requirements are met using both oxidative and non-

oxidative energy (anaerobic) systems in order to maintain sufficient ATP turnover to meet the 

demands of the imposed task  (Jones et al., 2003). As exercise intensity increases, the greater the 

gap becomes between oxidative and non-oxidative energy metabolism, until VO2 increases to 

match the requirements of the exercise task. The initial rate that VO2 rises (VO2 slow-component) 

is a key determinant for the time at which energy is provided by non-oxidative pathways. 

Therefore, a reduction in the time that VO2 takes to sufficiently provide aerobic energy provisions 

may reduce the total time spent using anaerobic pathways, thus less time spent potentially 

accumulating fatigue-producing metabolites (Boullosa, 2021; Jones et al., 2003).  Furthermore, 

the earlier increased microvascular blood perfusion coupled with the small increase in H+ (as 



[97] 

 

estimated by [BLa]) caused by the HII warm-up, may provide the acidosis required to cause a 

rightward shift in the oxyhemoglobin dissociation curve, allowing a greater rate of O2 perfusion at 

the cellular level (Bailey et al., 2016; Jones et al., 2003). 

Importantly, while a small increase in intramuscular acidosis may be beneficial for 

subsequent performance, a recovery period that is too brief, or total HI work too high, the 

subsequent performance may be impeded (Bishop et al., 2003; Burnley, Davison, & Baker, 2011; 

Mason et al., 2020). Furthermore, coupled with the increased respiration and O2 delivery, the 

increase in muscle temperature may cause systemic vasodilation and local microvascular 

vasodilation to improve the flow and delivery of oxygenated blood to the working muscles. An 

increase in the delivery of oxygenated blood flow concurrently results in an increase in de-

oxygenated blood flow away from the working muscles.  

Prior HI priming such as that implemented in WU2 of the current study may also enhance 

an upregulation of the intracellular buffering capacity of H+ and inorganic-phosphate (Juel et al., 

2004), a greater rate of metabolite removal (Harrison et al., 2020; Mohr et al., 2007), and CO2 

removal via the bicarbonate buffering system (Ktenidis et al., 2020). Prior specific HII WU 

protocols such as implemented in WU2 may be of benefit to subsequent HI performance that is a 

key characteristic of MTR triathlon. One key aspect of WU2 was to create a sufficient amount of 

[BLa] provoking intensity interspersed with rest periods, and post-WU recovery time to diminish 

any potential metabolically fatiguing accumulation of BLa. The present study utilised an 8-min 

recovery period between the WU and starting the sMTR. Previously it has been suggested that in 

order to maximise the above physiological and metabolic benefits following a HI WU, a recovery 

period of closer to 20-min may be most effective (Bailey et al., 2016). However, given the relay-

style nature of MTR racing, an 8-min recovery period may be more realistic to MTR triathletes on 

race days. 

 Another indicator of primed cardiovascular function may be evidenced by the increased 

HR in the final minute prior to sMTR start following WU2. WU2 HR (124.4±8.6beats.min-1) was 

significantly higher than WU3 (111.6±6.4beats.min-1) and approaching significance when 

compared to WU1 (111.7±16.4beats.min-1; p=0.06) at the end of the post WU recovery period. In 

contrast, previous triathlon WU research reported that compared to a control condition, WU 
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conditions yielded higher HRs prior to the start of simulated SDT (sSDT) (Binnie et al., 2012). 

However, no improvement in sSDT performance was reported between the two WU conditions in 

the latter study. However, an elevated pre-trial HR has been reported to be associated with 

significantly improved cycling performance in elite cyclists (Almquist et al., 2020). Given that HR 

and VO2 are known to have a linear relationship (McGowan et al., 2015), the improved swim time 

during WU2 compared to WU3, suggests that an elevated pre-sMTR HR following WU2 may 

have benefited the reduction of VO2 slow-component and subsequent cardiovascular priming 

involved in an improved performance during the typical high-intensities observed at the start of an 

MTR triathlon. 

Finally, the present data suggest a significant increase in the perceived readiness to perform 

following the HII nature of WU2 compared to WU3 (Figure 4.6) that was plyometric and dryland 

exercise-based, with a large effect size observed between the two conditions (ES=1.58; 95%CI= 

1.264 to 2.570). It may be important to consider the likelihood that there is both a psychological 

and neurobiological basis that an athlete’s beliefs and expectations may influence their 

performance (Halson & Martin, 2013). In particular, when the differences in performance may be 

small, it may be difficult to delineate these beliefs and expectations from a placebo effect (Argus, 

Driller, Ebert, Martin, & Halson, 2013). It is difficult to say whether there was a psychological 

benefit in the present study. However, athlete psychological beliefs are an important factor to 

consider during pre-race or race-day preparation (Halson & Martin, 2013). 

In conclusion, it appears that a sport specific and progressive HII swim-cycle triathlon WU 

may improve overall sMTR swim performance compared to both a moderate intensity aerobic 

cycle-run WU or a PLYO/DLC -based exercise WU. Furthermore, a sport specific and HII swim-

cycle WU may significantly improve the metabolic and physiological tolerance of a HI and 

variable sMTR triathlon cycle. This improved cycle tolerance may have significantly improved 

initial self-selected run pacing, and both overall run and sMTR performance time.  

We acknowledge a number of limitations of the current study. Firstly, the lack of race or 

competitive dynamics due to the simulated nature of the performance tests. Secondly, that cycle 

performance was not directly measured and completed on an ergometer, thus reducing the race-

like feel of the performance trials. Finally, the small sample of six, albeit high performance and 
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elite competitors. Future research may wish to collect performance, physiological and perceptual 

data during race conditions, examine the effectiveness of a HII WU in a larger sample of triathletes, 

or test the effects of a longer recovery time between warm-up and subsequent performance than 

used in the present study. 
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CHAPTER 5: GENERAL SUMMARIES 

The present thesis is comprised of an introduction and narrative review chapter, and three 

independent but, closely linked manuscripts. Each paper is presented as a separate chapter 

(Chapters Two, Three & Four), with each contributing original knowledge to the fields of 

physiology and performance specific to high performance and elite triathlon, and specifically to 

assist sport scientists, coaches and triathletes better understand the demands of the new Olympic 

sport of MTR triathlon.  

Below, is a general summary of the Systematic Review (Paper 1) and two MTR studies 

(Study 1 & 2), the first (Study 1) focused on investigating the physiological, performance demands 

and pacing strategies of MTR triathlon, and the second (Study 2) investigating the impact of three 

different warm-ups on MTR performance. 

Paper 1: Comparing the Performance, Physiological, and Pacing Demands of Olympic 

Distance, Sprint Distance, and Mixed Teams Relay Triathlon: A Systematic Review. 

Paper 1 has been submitted for review to the journal Sports Medicine. The purpose of the 

Systematic Review (SR) (Chapter 2) was to systematically and critically identify the current body 

of research literature examining performance, physiological, and pacing demands experienced 

during an Olympic distance (ODT), sprint distance (SDT), and mixed teams relay (MTR) triathlon. 

Importantly, studies were only included if they reported on a complete (swim, cycle, & run) race 

or simulated ODT, SDT, or MTR. The systematic search revealed 21 papers that met the inclusion 

and exclusion criteria, and three main areas of research. These included the performance and 

physiological demands, pacing strategies, and the effect of the previous discipline or section during 

ODT or SDT. The first major finding was that no research had reported on MTR in any of the main 

areas of research. Secondly, that there appears to be a clear effect of triathlon distance on the values 

reported for the performance and physiological demands, pacing strategies, or the effect of the 

previous discipline or section during ODT or SDT. ODT consists of a 1.5km swim, 40km cycle, 

and 10km run. ODT is double the length of SDT which consists of a 750m swim, 20km cycle, and 

5km run. 

The available research strongly suggests that both ODT and SDT are completed at 

sustained high intensities. ODT swim research suggests that the top 50% of elite swim finishers 
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have a better mean speed at the 222m and 496m markers of the 1500m swim and that swim finish 

position may be determined in the first 500m of the 1500m swim (Vleck et al., 2006). Furthermore, 

males should aim to swim at a mean swim pace of 1:18min.100m-1 and females at a mean swim 

pace of 1:23min.100m-1 in order to gain a top three position at the end of the swim section of an 

ODT (Vleck et al., 2006). 

ODT cycling research suggests that there is a significant and strong correlation between 

cycle mean speed overall race position. Furthermore, ODT triathletes who cycled fasted during the 

final lap performed poorer in the swim section, suggesting this may have been a function of 

“catching up” to the faster swimmers (Vleck et al., 2006). Physiological data suggests that high 

performance triathletes sustain a mean %HRmax (±SE) of 86.3±0.9% and a mean [BLa] of 

6.9±0.7mmol.L-1 during and following cycling in an ODT (Lopes et al., 2012). Finally, ODT 

cycling appears to be highly variable, with up to 34 instances of power outputs recorded >600W 

(Etxebarria et al., 2014b). 

ODT running research suggests that the top 50% of elite triathletes ran at a mean velocity 

of 5.24±0.07m.s-1 and that run velocity is the variable most highly correlated with overall ODT 

performance (Vleck et al., 2006). Physiological data suggests that high performance triathletes 

sustain a mean %HRmax (±SE) of 83.6±1.3% and a mean [BLa] of 4.5±0.5mmol.L-1 during the 

10km run of an ODT (Lopes et al., 2012). Finally, during a World Championship race, males in 

the fastest third of finishers maintained a significantly longer stride length (SL) versus the slowest 

third of place finishers. A longer SL maintenance suggests a better resistance to fatigue which may 

facilitate a smaller decrement in run speed during the run section of an ODT (Landers et al., 2011). 

The Systematic Review highlighted a paucity of research related to the performance and 

physiological demands during SDT. However, [BLa] was reported, only after completion of the 

full SDT simulation (Garcia-Pinillos et al., 2016). Whilst not indicative of the intensity of each of 

the three sections of the SDT, the [BLa] value of 9.7±3.3mmol.L-1 is considerably higher than the 

mean [BLa] value previously reported after a simulated ODT (Lopes et al., 2012). If we consider 

[BLa] as an indicator of exercise intensity, [BLa] reported suggests that SDTs are performed at a 

higher physiological intensity than ODT.  
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Pacing during elite ODT and SDT includes the manipulation of swim speed, cycle-power 

output and run pace. Moreover, a major tactical consideration is the use of the drafting technique 

within each of these three sections of an ODT (Wu et al., 2015a). The possible benefits of drafting 

during elite ODT swimming may include reductions in passive drag of 10–15% (Vleck et al., 

2006). In elite ODT triathletes, both males and females appear to positively pace the 1500m swim 

(Vleck et al., 2008). Additionally, and in agreement with the observed performance data, male and 

female triathletes who had the fastest initial swim start speed had the best overall ODT swim race 

position (Vleck et al., 2008).  

During Elite male ODT cycling, triathletes have reportedly paced in a reverse J-curve 

pattern where cycle speed gradually increased from the first lap to the end of lap three before 

gradually decreasing until the final of six laps (Vleck et al., 2008). This is in contrast to elite female 

ODT triathletes, who reportedly pace more evenly during the 40km ODT cycle. Additionally, 

individual speeds during lap one were more important for overall ODT position for females (Vleck 

et al., 2008). Lastly, the available research strongly suggests that elite ODT cycling is improved 

when triathletes draft as effectively as possible (Hausswirth & Lehénaff, 2001; Hausswirth et al., 

1999). 

Contrary to a reverse J-curve pacing pattern seen in elite male ODT cycling, elite males 

appear to pace the run section of an ODT in a J-curve fashion (Vleck et al., 2008). The researchers 

reported that elite ODT males ran their fasted lap during lap one, gradually slowing until the second 

last lap before increasing run speed during the final lap. Elite ODT females ran fasted during the 

first lap and gradually slowed until the second last lap, with no apparent end-spurt run speed 

increase. For both males and females overall ODT finishing position was highest correlated with 

mean run speed (Vleck et al., 2008). Corroborating this, elite males and females positively paced 

run speed at the start of ODT running (Le Meur et al., 2011). Interestingly, the most recent elite 

ODT research reported that the pacing pattern of triathletes during elite ODT running appeared to 

be a positive pacing pattern. However, further analysis of the results revealed that the top eight 

runners of each race adopted a more even ODT run pacing pattern (Etxebarria et al., 2021). Lastly, 

Le Meur et al. (2011) reported the elite male triathletes exhibited a significantly lower index of 

running speed variability (IRSV) compared to females. This highlights the importance of a strong 
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power: weight ratio, and corroborates the importance of fatigue resistance during elite ODT 

running (Landers et al., 2011). 

Little research was available observing swim, cycle, and run pacing during an SDT (Wu et 

al., 2015a). However, national level male triathletes have demonstrated a relatively even swim 

pace. Similarly, data from the same study reported that cycle pacing between six lap-splits 

remained relatively even. However, when wind conditions were accounted for, cycle pacing 

presented a slight (2.5%) negative pacing pattern (Wu et al., 2015a). Finally, the same researchers 

observed a slight negative pacing pattern and final end spurt during SDT (Wu et al., 2015a).  

The current  systematic review and previous research strongly suggest the ability to 

optimally link the three disciplines is important for overall triathlon performance (Bentley et al., 

2002). The present systematic review results generated no research that reported on the swim-bike 

transition during either a complete (swim, bike & run) ODT or SDT race, or simulation. Moreover, 

there was little research that reported on the cycle-run during a complete ODT race or simulation. 

However, Guezennec et al. (1996) reported a that 10km ODT running following ODT cycling, 

compared to an isolated 10km run has a higher oxygen cost. 

 Lastly, the  systematic review highlighted that research has reported that effective drafting 

through the cycle section of an SDT demonstrated a significantly increased mean run speed and 

faster run time (Hausswirth & Lehénaff, 2001; Hausswirth et al., 1999). The researchers also 

reported a longer mean SL following effective drafting during SDT cycling (Hausswirth & 

Lehénaff, 2001; Hausswirth et al., 1999). Corroborating this, research that reported triathletes who 

were more fatigue resistant during the preceding cycle section maintained SL and performed better 

during subsequent SDT running (Landers et al., 2011). 

In summary, although there is limited research examining the performance and 

physiological demands during SDT, the available research strongly suggests based on high 

%HRmax and [BLa] measures that both ODT and SDT are completed at sustained high intensities. 

Furthermore, that SDT is completed at a higher sustained intensity compared to ODT. A fast swim 

start during both SDT and ODT with a purposeful reduction in speed towards the end of the swim 

section may result in favorable swim performance. During both SDT and ODT cycling, efficiently 
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drafting preserves energy and delays fatigue. Coupled with the ability to resist fatigue and an even 

or slightly negative pacing pattern, triathletes may improve cycle and subsequent run performance. 

During both SDT and ODT, a slightly negative run pace with a concomitant end spurt may be best 

for both run and overall SDT or ODT performance. However, it appears that elite triathletes 

currently adopt a positive run pace during races. The effect of the previous discipline on subsequent 

performance seems to be strongly related to how the triathlete paces each race section. Importantly, 

no research to date has examined any facet of the new Olympic sport of MTR triathlon.  

Study 1: Quantifying the Relative Performance and Physiological Demands of 

Simulated Mixed Teams Relay Triathlon. 

Study 1 has been submitted for review to the journal European Journal of Sports Sciences. The 

primary aim of study 1 (Chapter 3) was to quantify the relative performance and physiological 

demands of a complete simulated MTR triathlon (sMTR), and compare this data to a relevant 

maximal swim, cycle, and run tests conducted in isolation. A number of key findings were evident. 

Firstly, for all performance (critical swim speed; CSS, msec-1; Cycle power, W; Run pace, 

km.min-1) comparisons, there was no significant differences when the relevant maximal test was 

expressed as a relative percentage of the sMTR section. This suggests that during sMTR, triathletes 

sustain near maximal values for the duration of each sMTR section and the entire sMTR (250m 

swim; 8km cycle; 2km run). 

The present data highlight that sMTR swimming is performed at a sustained intensity of 

95.3±2.1% CSS. sMTR mean swim speed was 1.4±0.1m.sec-1 and CSS speed was 1.5±0.2m.sec-

1. Swim speeds reported during SDT swimming for recreational triathletes are up to 1.3±0.2m.sec-

1 (Garcia-Pinillos et al., 2016). Furthemore, González-Haro et al. (2005) and Schabort et al. (2000) 

reported mean swim speeds of national and international level triathletes during simulated ODT 

swimming in a 25m pool, of 1.3 and 1.2m.sec-1, respectively. Additionally, sMTR swimming is 

performed at a physiological load resulting in swim run blood lactate concentrations of 92.0±7.9%. 

sMTR mean [BLa] was 9.7±1.9mmol.L-1 and CSS peak [BLa} was 10.6±2.3mmol.L-1. 

Furthermore, sMTR swimming was sustained at HRmax of 98.8±2.4%. Mean sMTR HR was 

164.2±8.5beats.min-1 and CSS HRmax was 166.3±9.4beats.min-1.  
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The current study identified that sMTR cycling is performed at a sustained intensity of 

100.9±6.1% of cycle power at ventilatory threshold (VT) and 83.1±3.6% of power at VO2peak. 

sMTR mean cycle power was 286.85±8.7W and at VO2peak was 344.06±3.4W. SDT research 

reports peak power outputs of 307.0±19.5W and power at lactate threshold of 241.0±15.3W 

(78.1% peak power at VO2peak) in competitive triathletes (Taylor et al., 2011). Furthermore, power 

at VT during SDT has been reported as 72.1±3.8% in well-trained triathletes (Papavassiliou et al., 

2019). ODT research undertaken with high-performance and elite triathletes reports a sustained 

mean cycling power output of 61%, 60-63%, and 73% (Aoyagi et al., 2021; Bernard et al., 2009; 

Le Meur et al., 2009), respecitvely, of maximal aerobic power (MAP). Additionally, our study 

highlighted that sMTR cycling is performed at a high physiological load resulting in [BLa] of 

98.6±17.8% with sMTR mean [BLa] measured at 12.3±2.4mmol.L-1 and peak [BLa] at 

12.6±1.9mmol.L-1 following the maximal cycle test. Furthermore, sMTR cycling in the present 

study sustained at HRmax of 94.8±3.4% with a mean sMTR HR of 175.0±10.7beats.min-1 and 

maximal cycle test HRmax of 184.6±8.5beats.min-1. 

Finally, the present study identified that sMTR running is performed at a sustained intensity 

of 96.9±3.9% of run pace at VT and 92.0±4.4% of run pace at VO2peak. sMTR mean run pace was 

3:39.9±00:27.3min.km-1 and pace at VO2peak was 3:21.3±00:21.3min.km-1 during the maximal 

running test. SDT research reports reported a peak run speed of 85.1% peak run speed in a cohort 

of well-trained competitive SDT triathletes (Taylor et al., 2011). Furthermore, run speeds at VT of 

78.9±2.7% have been previously reported during SDT in well-trained triathletes (Papavassiliou et 

al., 2019).ODT research has reported run speeds of 85.1% run speed at VO2max in a well-trained 

group of ODT triathletes (Suriano & Bishop, 2010a). More recently, Aoyagi et al. (2021) reported 

a mean ODT run speed of 87.6% run speed at VO2max in well-trained male triathletes. Additionally, 

in the present study, sMTR running was performed at a high physiological load resulting in run 

blood lactate concentrations of 121.8±28.8% of maximal values with the sMTR mean [BLa] 

measured at 9.7±2.5mmol.L-1 and peak [BLa] at 8.2±2.6mmol.L-1 following the maximal running 

test. 

In summary, this is the first laboratory-controlled study working with high performance 

triathletes and examining the performance and physiological demands of the swim, cycle, and run 
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sections during sMTR. The findings from Study 1 (Chapter 3) highlight that sMTR is performed 

at a very high intensity relative to individual maximal tests for the swim, bike and run sections of 

MTR. Moreover, the sMTR data strongly suggests that sMTR is performed at a higher sustained 

effort than both SDT and ODT. Results from Study 1 may help inform coaches, sport scientists, 

and triathletes of the specific performance and physiological demands required to effectively and 

validly design and plan training plans to meet the specific demands of MTR competition. 

A number of limitations are evident regarding the current study. Firstly, MTR simulation 

may not reflect actual MTR competition factors such as the influence of pack dynamics, the 

influence of other competitors, and the potential benefits of drafting tactics in all three sections of 

the event. Secondly, to enable the collection of physiological variables, the break between each 

section of the sMTR, may have influenced the physiological data measured. 

Study 2: The Effect of a Specific High Intensity Warm-up on Simulated Mixed Teams 

Relay Triathlon Performance. 

Study 2 has been submitted for review to the journal European Journal of Sports Sciences. The 

primary aim of Study 2 (Chapter 4) was to investigate the effects of three specific warm-up (WU) 

protocols on sMTR performance (300m swim, 10.5min variable cycle, & 1.8km outdoor run). 

WUs included a moderate aerobic run-swim (WU1), a progressive high intensity intermittent 

swim-cycle (WU2), and a plyometric/circuit style dry-land (WU3), in a group of high performance 

and elite triathletes. 

The major findings were firstly, that overall sMTR performance was significantly better 

following WU2 (1174.8sec) compared to WU1 (1189.2sec) and WU3 (1191.8sec). Secondly, 2km 

run performance was significantly faster following WU2 (336.3sec) compared to WU1 (350.4sec) 

and WU3 (350.5sec). Thirdly, the mean run pace during lap one of the sMTR was significantly 

faster following WU2 (3:19±0:25 min.km-1) compared to WU1 (3:27±0:29min.km-1) and WU3 

(3:29±0:31min.km-1). Finally, [BLa] was significantly lower pre-run (post-cycle) following WU2 

(7.7±1.9mmo.L-1) compared to WU1 (11.6 ± 2.7mmol.L-1) and WU3 (11.1 ± 2.8mmol.L-1). Only 

one previous study has examined the effects of a specific triathlon WU on subsequent SDT 

triathlon performance with the researchers reporting no significant improvement in SDT 

performance (Binnie et al., 2012). 
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The importance of run performance for overall triathlon success has previously been 

reported (Etxebarria et al., 2021; Vleck et al., 2006). The results from Study 2 show that the run 

performance was the primary performance difference between the three WU conditions as 

evidenced by the significantly better mean sMTR run time and mean lap one run pace during the 

WU2 condition. The sMTR 10.5min variable cycle PO was matched at an individual level for each 

of the WU conditions. Therefore, the cycle during WU2 appears to have been better tolerated 

physiologically as evidenced by the significantly lower [BLa] following the sMTR cycle section 

following WU2. Importantly, this finding suggests that the metabolic state triathletes were in prior 

to the 2km run may have been more favorable, hence the better lap one pacing, and thus 

significantly improved run and overall time following WU2 as compared to WU1 and WU3. 

 Improved cycle performance has previously been reported following a cycling specific WU 

that included a high intensity (HI) component (Bailey et al., 2016; Palmer et al., 2009). According 

to the existing WU literature, it is important to engage in a WU of sufficient intensity in order to 

prime the relevant neuromuscular and metabolic systems (Bishop, 2003b; McGowan et al., 2015). 

Some of the proposed ways that HI priming may improve subsequent performance or tolerance 

include a reduction of the VO2 slow component, increase in the amplitude of the primary VO2 

response, an increase in mitochondrial respiration, changes in muscle temperature causing 

increased microvascular perfusion of oxygenated blood, increased activity of mitochondrial 

enzymes, or priming of lactate/H+ buffering systems (Bishop et al., 2003; Jones et al., 2003). 

 Therefore, due to the fast start and high intensity nature of MTR racing (Chapter 3) (Palmer 

et al., 2021), the findings from study 2 suggest that performing a progressive anerobic HII swim-

cycle WU (WU2) is best to improves sMTR cycle tolerance, run and overall MTR performance. 

Limitations of study 2 include the lack of race or competitive dynamics due to the simulated nature 

of the performance tests, and that cycle performance was not directly measured. Future research 

may wish to examine the effectiveness of a HII swim-cycle WU during race conditions. 

The next chapter, Chapter 6 will discuss the overall conclusions, practical implications, and 

directions for future research based on the findings of this thesis. 
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CHAPTER 6: CONCLUSIONS, PRACTICAL IMPLICATIONS, AND 

DIRECTIONS FOR FUTURE RESEARCH 

6.1. Conclusions 

The present thesis has demonstrated that there is a clear effect of race distance when the 

performance, physiological, and pacing demands are compared between Olympic distance (ODT) 

and sprint distance (SDT) triathlon. Moreover, no empirical research to date has examined the 

performance, physiological, and pacing demands, or specific warm-up interventions related to the 

new Olympic sport of MTR triathlon.  

 The systematic review presented in Paper 1 (Chapter 2) of the present thesis strongly 

suggests that, based on physiological measures, both ODT and SDT are completed at sustained 

high intensities. Furthermore, that shorter distance SDT is completed at a higher sustained intensity 

compared to ODT. This strongly suggests that a reduced triathlon distance affects the performance, 

physiological, and pacing demands of triathlon. Importantly, SDT (750m swim, 20km cycle, & 

5km run) is half the distance of ODT (1.5km swim, 40km cycle, & 10km run). Given that MTR 

triathlon is much shorter (250-300m swim, 8km cycle, & 1.6-2km run) again than both the SDT 

and ODT, we hypothesised that the performance, physiological, and pacing demands of simulated 

MTR (sMTR) will be greater again than that previously reported for SDT and ODT. This 

hypothesis was supported by the data reported in Study 1 (Chapter 3) (Palmer et al., 2021). 

The results from Study 1 (Chapter 3) highlight that sMTR is performed at a very high 

intensity when each sMTR section (swim, cycle, run) is expressed as a relative percentage of 

maximal intensities measured during valid and individual maximal swim, cycle and run tests. 

These tests included a critical swim speed test (CSS) in a pool, and both a cycle and treadmill 

running incremental maximal VO2 laboratory test. Moreover, when sMTR intensities for swim, 

cycle and run were compared to previously published race or simulation intensities measured 

during both SDT and ODT, the data from Study 1 strongly suggests that sMTR and each race 

section are performed at higher intensities than those observed during both SDT and ODT. It is 

hoped that, based on original findings from Study 1, the data may help inform coaches, sport 

scientists, and triathletes as to the specific performance and physiological demands required for 

successful performance in MTR triathlon and thus assist in the design and planning of training 
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programs to meet the specific demands of MTR competition. Particularly pre-race routines on race 

days, run pacing targets during the specific preparation phase on a MTR event, or cycle power or 

run pacing goals during talent identification. 

Finally, the results from Study 2 (Chapter 4) highlight that to further enhance MTR 

triathlon performance, an effective and ideally performance enhancing race day warm-up strategy 

is needed. Due to the fast start and high intensity nature of sMTR, the study aimed to investigate 

the effects of three specific warm-up (WU) protocols on sMTR performance (300m swim, 10.5min 

variable cycle, and 1.8km outdoor run) in a group of high performance and elite triathletes. The 

findings strongly suggest that performing a progressive anerobic HII swim-cycle WU significantly 

improves sMTR swim performance, sMTR cycle tolerance, and thus subsequent run and overall 

sMTR performance. 

6.2. Practical implications 

The research presented in the current thesis provides a number of practical implications relevant 

to short distance triathlon coaches, sports scientists, and triathletes, particularly in relation to the 

new Olympic sport of MTR triathlon. These include: 

1. A foundation of specific applied physiological information that may enable informed decisions 

when designing and planning training and race preparation to meet the specific demands of 

MTR. Specifically, to design periodised training programs that prepare high performance and 

elite triathletes for the specific race and pacing demands of ODT, SDT and MTR triathlon. For 

example, pre-season testing standards, MTR specific phase race preparation targets, and 

metabolic data to measure training intensity. 

2. A foundation of applied specific performance data, compared and contrasted to ODT and SDT 

triathlon, that may inform developmental or talent identification pathways aimed at MTR 

specialisation. Particularly considering that MTR is now an Olympic sport.  

3. A foundation of applied physiological information that may enable informed decisions when 

selecting the order of triathletes competing in an MTR so as to maximise on the strengths of 

individual triathletes within an MTR team. 
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4. A foundation of applied MTR physiological information that may provide progressive training 

targets within different stages or cycles of a training cycle or seasonal plan. For example, 

individual discipline run pace, cycle power, or HR at VT targets prior to specific preparation 

phases that link all three disciplines. 

5. The findings from Study 1 (Chapter 3) provide a series of valid and reliable tests to profile a 

short distance triathlete’s CSS, cycling power, or running speed at maximal aerobic peak 

power. The only equipment required is a swimming pool, WattBike or similar power-

measuring cycle ergometer, and a treadmill. Subsequent to such testing, the obtained data can 

be used to individualise a triathlete’s training intensity prescriptions specific to ODT, SDT or 

MTR performance.  

6. The findings from study 2 (Chapter 4) strongly suggest that an individualised high intensity 

intermittent swim-cycle warm-up enhances subsequent cycling tolerance as well as swim, run 

and overall MTR performance. Two key takeaways were that firstly, as 60-65% of the total 

MTR race time is spent completing a highly variable cycle section, the HII nature of the cycle 

component during the WU2 was crucial. Secondly, that each triathlete’s HII cycle warm-up 

prescriptions were individualised to their cycle power profile test data. 

6.3. Directions for future research 

Given the major findings and limitations of the present series of studies, future research directions 

may include: 

1. Quantify, relative to individual maximal tests, the performance, physiological, and pacing 

demands, and effects of previous disciplines on subsequent sections of the MTR with a larger 

sample size of higher performance and/or elite triathletes than Study 1 was able to engage.  

2. Quantify, relative to individual maximal tests, the performance, physiological, and pacing 

demands, and effects of previous disciplines on subsequent sections of the MTR during actual 

race conditions. 

3. Compare and contrast the performance and physiological demands between varying levels of 

triathletes wishing to specialize in MTR. For example, age-group or junior level versus national 
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level versus international level. Such data may allow the stratification of performance and 

physiological data and provide a framework for development pathways, particularly given that 

MTR is now an Olympic sport. 

4. Identify via survey or similar methodology, what the current practices and beliefs of coaches, 

sport scientists and triathletes are concerning current MTR race-day warm-up strategies. 

Secondly, investigate the willingness of coaches, sport scientists and triathletes to incorporate 

high intensity warm-up prescriptions given the potential skepticism around causing pre-race 

fatigue. Finally, to assess the logistics of MTR race-day marshaling requirements and timing 

related to the optimal timing from the cessation of a warm-up to subsequent MTR performance 

in a possibly confined marshalling space. 

5. Examine the effectiveness of the reported warm-up strategies during actual MTR racing or 

competition. The effect of race dynamics, other competitors and varying course topography 

warrants further investigation concerning the effectiveness of the examined high intensity 

warm-up strategies.  

6.  Examine the effectiveness of the reported warm-up strategies with longer or shorter post 

warm-up recovery times than implemented in the current thesis. This may allow for a more 

accurate race-day planning of triathletes’ schedule and improved performance. 

7. Examine the performance and physiological demands with a research aim directed at 

identifying differences between females and males during simulated MTR and actual MTR 

racing. Given the mixed gender and relay context of MTR, this information may help inform 

developmental pathways or the strategic order of triathletes within an MTR triathlon team on 

race day.  

8. Identify what type of cycle ergometer or portable cycle power trainer is most practical and 

reliable for race day high intensity cycle warm-ups. Given the controlled laboratory context of 

Study 2, the type, portability, and cost of cycle ergometers or power training devices that will 

suit race day contexts is worth identifying. The success of applied research, such as that in the 

present thesis, depends on how effectively it can be applied to an actual race day context. 
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APPENDIX 2: EXPLANATORY STATEMENT/S AND INFORMED 

CONSENT FOR STUDY 1 AND STUDY 2 (CHAPTERS 3 & 4) 
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APPENDIX 3: LETTERS OF SUPPORT FROM TRIATHLON 

AUSTRALIA HIGH PERFORMANCE DIRECTOR AND HEAD COACH 

Removed
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APPENDIX 4: EXAMPLES (DE-IDENTIFIED) OF POWER TRACES 

USED TO DESIGN THE 10.5MIN VARIABLE CYCLE DURING STUDY 2 

(CHAPTER 4) 
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APPENDIX 5: EXAMPLE OF PILOTING POWER PRESCRIPTION 

SCREEN FROM THE TRAINERROAD SOFTWARE USED DURING 

STUDY 2 (CHAPTER 4) 
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APPENDIX 6: EXAMPLES OF CYCLE SECTION SET-UP USED DURING 

STUDY 1 AND STUDY 2 (CHAPTERS 3 & 4). 
Photographs by author (Robert Palmer). 
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APPENDIX 7: EXAMPLE OF PILOTING 1.8KM OUTDOOR RUN LOOP 

USED DURING STUDY 2 (CHAPTER 4) 

Appendix 7 visually shows the 1.8km two lap (900m per lap) outdoor run loop that was used 

during each mixed team relay simulations which were preceded by one of the three triathlon 

specific warm-ups during Study 2 (Chapter 4). The start and finish mark were positioned next to 

an exit adjacent to the indoor pool deck used during Study 2. 
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