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READING CONSIDERATIONS

This PhD project is submitted on the basis of article compilation. The 

introduction, chapter 1, reviews what is currently known on the topic, 

summarising the main triathlete characteristics and the physiological 

effects of a high intensity interval program on triathletes obtained 

from the scientific literature. Followed by chapter 2 where the PhD 

goals and hypothesis are displayed. 

The following chapter 3 describes the methodology used in each 

article and chapter 4 presents the main results and discussion. All 

references cited in the document are located in chapter 5. 

The principal dissertation conclusions are expounded in chapter 

6 followed by practical applications to these conclusions (chapter 7), 

research limitations (chapter 8) and future directions for investigation 

(chapter 9). 

In Chapter 10, appendixes, the reader can find the three published 

articles indexed in JCR or Scopus journals. The first and the second 

article were published in the Spanish language, whereas the third 

publication was in English language. Each article maintains their 

own citation style and bibliography according to each journal 

requirements, however, the remaining thesis format has been 

standardised to provide document unity and homogeneity. The 

articles followed a similar investigation line, focusing on the 

physiological characteristics of moderately trained triathletes and 

their responses to the High-intensity Interval Training (HIIT) stimulus. 

The first article, «El triatlón y el control de la carga mediante la 

percepción del esfuerzo» focused on the analysis of the commonly 

used methods to quantify training load in triathlon, describing the 
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AT = Umbral anaeróbico

BL = concentración de lactato en sangre

Cadmedia20kmbike = Cadencia media 

durante los 20 km de ciclismo
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Chapter 1. Introduction and theoretical framework

1.1. El triatlón

El triatlón es un deporte de estructura compleja, dadas las disciplinas 

que lo forman (la natación, el ciclismo y el atletismo), realizándose de 

manera consecutiva a través de transiciones (1, 2). Los orígenes de este 

deporte se remontan a Francia en el año 1920, dónde se realizaban 

los tres deportes de manera esporádica y sin reglamentación (3). 

Las primeras reglamentaciones aparecieron en 1934, en la localidad 

de la Rochelle (Francia), dónde se desarrolló la «carrera de los tres 

deportes» que consistió en atravesar los 200 m que formaban el canal 

de la localidad a nado, 10 km de bicicleta por el parque Laleu y 1200 m 

de carrera en el estadio André-Barbeau (3). No obstante, no es hasta el 

año 1975, en San Diego (EEUU), cuando se origina el triatlón moderno 

tal y cómo se conoce actualmente. En esta prueba precursora, los 

participantes encadenaron 800 m de natación, 8 km de bicicleta y 8 

km de carrera. Sin embargo, la repercusión mundial del nuevo deporte 

no llegó hasta 1977 con la celebración del primer Ironman (3,8 km 

nadando, 180 km en bici y 42,2 km de carrera a pie) en Honolulu (Hawai) 

(2, 3). A partir de ese momento, la modalidad del triatlón se empezó 

a reglar por parte de la Unión Internacional de Triatlón/International 

Triathlon Union (ITU) y la Corporación Mundial de Triatlón/World 

Triathlon Corporation (WTC).

Según la ITU (4), los tipos de competición más comunes en los que 

se compite actualmente son: Super sprint (400 m natación, 10 km 

ciclismo y 2,5 km carrera), Sprint (750 m natación, 20 km ciclismo y 5 

km corriendo), Olímpico o Estándar (1500 m natación, 40 km ciclismo 
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Chapter 2. Objectives and hypothesis 

The aims and objectives of this thesis are:

• Objective 1: To examine the commonly used methods to 

quantify training load in triathlon training, describing the 

principal physiological and performance parameters involved. 

• Hypothesis 1: The rating of perception exertion might be 

a complement to other physiological and performance 

variables during a laboratory test or training session in 

triathletes. 

• Objective 2: To analyze performance differences between 

male and female moderately trained triathletes during a cycle 

ergometer maximal incremental test, and a simulated 20 km 

cycling time trial plus 5 km run. 

• Hypothesis 2: We hypothesied that in non-professional 

level, male triathletes would obtain greater performance 

during a cycle ergometer maximal incremental test and 

20 km cycling plus 5 km running tests than their female 

counterparts. 

• Objetive 3: To analyse posible associations between maximal 

incremental test results and simulated test performance in 

moderately trained triathletes.

• Hypothesis 3: A correlation between physiological 

values registered in laboratory tests and performance 

variables during a simulated competition might exist. 
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Chapter 3. Methodology

As an article compilation thesis, the reader can find two different 

types of methodologies. Firstly, scientific literature analysis to 

elaborate our first article of the thesis and two original researches for 

articles 2 and 3. 

Article 1. Review. El Triatlón y el control de la carga mediante la 
percepción del esfuerzo.

Design and experimental approach

A literature search was conducted on September, 2014. The 

following databases were searched: PubMed, SPORTDiscus,MEDLINE, 

and CINAHL (Cumulative Index to Nursingand Allied Health Literature). 

Databases were searched from inception to September 2014, with 

language limitation to Català, English and Spanish. Abstracts and 

citations from scientific conferences were excluded.

Literature Search 

In each database, the title, abstract, and keywords search fields 

were searched. The following keywords, combined with Boolean 

operators (AND and OR), were used: RPE; RPE + method; perceived 

+ exertion; Borg + scale; triathlon; endurance + sports; training 

load; cycling; running and swimming. No additional filters or search 

limitations were used.

Inclusion criteria

Studies were eligible for further analysis if the following inclusion 

criteria were met: a/researches were randomized control trials; b/
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Chapter 4. Discussion

The first article of this dissertation presents a scientific literature 

review on the Rate of Perceived Exertion (RPE) applied to triathlon and 

was published in the highest Spanish ranked Sport Medicine Journal. 

Until the last search performed for the review, dating to March 2014, 

only 7 papers used and/or analysed RPE to quantify the internal load 

in triathlon. Both, training as well as in racing or simulating conditions. 

The principal purpose of RPE method is to complement the traditional 

load quantification methods, such as, HR, lactate concentration, 

power or speed at VT (31, 72, 74). Hausswirth et al. (2000) observed 

that greater RPE values were associated with an increase in muscle 

fatigue after different types of running, including running after a 

triathlon (141). Moreover, previous authors tested RPE as a marker of 

effort compared with traditional load quantifiers in an Ironman race, 

recording RPE during the three sections of competition and during 

transitions (83). During this type of triathlon, the rating of perceived 

exertion modulated the race pace.

After swim to bike and bike to run transitions, RPE was re-set to 

face the new sports demand and decreased due to the switch of 

muscle group from one sport to another (80, 83). Additionally, RPE 

was utilised as a performance indicator when the triathletes swam 

with or without neoprene during an olympic distance triathlon and 

when compression stockings were or not wore in a half ironman (81, 

82). Research by Teuma et al. (2004) was the only study located before 

September 2014 where RPE was used as a complement method to 

control load during triathlon training sessions. They concluded that 

RPE was highly associated with HR (84). 
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Chapter 6. Conclusions

Acording to our research our conclusions are as follows:

• The RPE is an ecological, useful and attainable load 

quantification method for all triathletes, considering that 

minimal equipment is involved. The Borg scale is a helpful tool 

provided that a long familiarisation period is provided. However, 

its use is necessary as a complement to other physiological 

methods which are able to be reliably quantifiable such as HR. 

• Male and female moderately trained triathletes showed 

practical differences for VO2max, power at both ventilatory 

thresholds and V02 at 2nd ventilatory threshold after a cycle 

ergometer maximal test. Although, only 20 km cycling during 

the simulated race presented significant differences between 

sexes which may generate differences to the overall simulated 

triathlon time. 

• A superior VO2max during the maximal test may be related to 

a faster time to complete a 20 km simulated cycle section, as 

well as, a greater power average. Additionally, a higher VO2VT2 

value may be associated with a lower HR average during the 

transition section. Distinguishing the results by gender, higher 

values obtained in the maximal test may be associated to 

superior performances on a 20 km cycle for males, and may be 

related to a superior performance on a 5 km run for females.

• The supplement of two cycle HIIT session-week during specific 

reduced volume periods such as periodisation, tapering or 

off-season, may help to achieve or maintain high levels of 
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Chapter 7. Practical applications

We believe that our research work adds interesting practical 

applications for scientists, coaches and practitioners. 

• As a practical application, it might be necessary that triathletes 

had a larger triathlon experience in order to interpret the 

perceptions received from training and/or competition. 

Additionally, this method must be validated before use, in 

order to confirm association with athletes physiological 

characteristics. 

• Moderately trained triathletes presented physiological 

differences between gender during cyclergometer maximal 

incremental test and the cycle portion of 20 km in a simulated 

race. For this reason, considering the triathlete gender when 

developing training individualization might be relevant to 

achieve a greater performance. 

• A specific training to improve the aerobic capacity might 

involve a performance enhancement during the 20 km of 

cycle section in a triathlon, specifically in male triathletes. On 

the other hand, female triathletes seemed to show a greater 

5 km running performance when their aerobic capacity was 

increased. 

• 2 HIITbike sessions during 4 weeks where volume training 

is reduced, such as, tapering, off-season or injury period, 

appears to maintain cycling and running performance, acting 

as cross transfer method. Therefore, cycling training could 
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Chapter 8. Limitations

No research work is without limitations and factors that can 

interfere in the scientific process. This is especially delicate when 

working with human groups. We identified and tried to overcome the 

following with the ultimate goal of respect the scientific methods.

• The sample size. The research structures required that 

participants were able to attend twice a week to the university 

in order to perform the supervised HIIT sessions over the 

duration of at least one month. As the subjects were non-

professional, they had to balance work and family with study 

participation, and various participants dropped out during the 

data collection. 

• The simulated race was performed in the laboratory in order 

to analyse the maximum number of variables. The researchers 

tried to reconstruct the environment as similar as possible to 

the race, however there were some aspects that could not 

exactly be recreated. 

• Due to a lack of time, just one maximal test on the pre and 

post test were performed by each participant. However, it 

had been interesting to perform one maximal test of each 

discipline (swim, cycle and run) to each triathlete. 

For the review article, as a pilot study of this dissertation and the 

first contact with scientific writing and research, the methodology 

and the article writing showed a slightly lack of experience. 

Nevertheless, it was helpful to indentify methodological errors and 

set the base for the research skills.
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Chapter 9. Future directions

There is a long way until the scientific community can give a 

satisfactory answer to the multiple questions that have arisen at the 

end of this research. In order to keep on lighting this path, we strongly 

believe that the following investigations should lead the continuation 

of our work:

• To investigate differences between male and female triathletes 

depending on the age, level and experience in triathlon, the 

race distance, hours of training or other factors related with the 

athlete’s performance. 

• To increase the sample of the study in order to distinguish 

thoroughly the association between physiological and 

morphological variables such as VO2max, muscle fibre types 

and recruitment, oxidative stress produced by a triathlon race, 

and the triathlon performance. 

• To focus on female triathletes physiological and biomechanical 

variables in order to increase the race performance.

• To determine the optimal HIIT structure, compare effects of 

distinct program sessions and interval durations and intensities, 

as well as, to observe different HIIT characteristics depending 

of the age, gender, level, experience of the participants. and 

triathlon distance. 

• To analyse the effects of HIIT on the three disciplines of triathlon. 

Specifically, in swimming which is the least studied discipline.
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10.1.1. Artículo 1: «El triatlón y el control de la carga mediante la 
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10.1.2. Artículo 2: «Diferencias entre triatletas masculinos y 
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10.1.3. Artículo 3: «Comparison of Reduced-volume high-

intensity interval training and high-volume training on 

endurance performance in triathlon»
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10.3.7. Herramienta de valoración: Pre-exercise screening
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