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Editorial

Maximising Triathlon Health and Performance: The State of
the Art
Veronica Vleck 1,* and Maria Francesca Piacentini 2

1 CIPER, Faculdade de Motricidade Humana, Universidade de Lisboa, Cruz Quebrada,
1499-002 Lisbon, Portugal

2 Department of Movement, Human and Health Sciences, University of Rome ‘Foro Italico’, 00135 Rome, Italy;
mariafrancesca.piacentini@uniroma4.it

* Correspondence: research.vleck@gmail.com

It is with great pleasure that Professor Piacentini and I present this closing Editorial for
the Special Issue of Sports on “Maximising Triathlon Health and Performance: The State of
the Art”. Thirty-four papers—of which 52% were accepted for publication—were submitted
to this Special Issue. At the time of writing in December 2024, the 18 published papers had
already been viewed over 106,000 times. Vleck et al.’s publication (Paper (P)3), entitled
“Work, Training and Life Stress in ITU World Olympic Distance Age-Group Championship
Triathletes”, has been shortlisted for the Sports Paper of the Year 2023 award. Our featured
authors (listed below) include many world-renowned experts in the field. Many other
subject experts, including the coach of an Olympic medallist, devoted significant time and
expertise to this project as reviewers. Notably, several of the submissions (e.g., P16, Hotfiel
et al., 2019) resulted from collaborations between researchers and National Federation staff.
We are privileged that our contributors chose to publish their research findings, including
that of a randomised control trial (P10, Grim et al., 2019), with us. We are happy to have also
featured first author papers from several (then) Ph.D. students- the incoming generation
of triathlon subject experts. We extend our congratulations to those authors who have
since been awarded their doctorates: Dr Claudio Quagliarotti (ITA) [1], Dr Alba Cuba-
Dorado (ESP) [2], Dr Joel Walsh (AUS) [3], and Dr Jørgen Melau (NOR) [4]. Dr Thibaut
Ledanois (FR) [5], Dr Stuart Evans (AUS) [6], and Dr Christian Weich (GER) [7] also recently
obtained their triathlon-related doctorates. João Henrique Falk Neto (CAN), who proved
himself an outstanding compère of the Edmonton 2020/2021 ITU Science and Triathlon
conference; Héctor Arévalo-Chico (ESP), who both conducted research with and recently
accompanied members of the Spanish team to the Paris Olympic Games; and Atsushi
Aoyagi (JPN), whose papers we also feature in our Special Issue—are all close to submitting
their Ph.D.’s [8–10]. We sincerely thank Atsushi Aoyagi for kindly accepting Dr Vleck’s
invitation to include his paper on the exercise intensity at which age group triathletes race
in Olympic distance triathlons in this Special Issue. In common with many of the other
papers in the Special Issue, Aoyagi et al.’s paper is surely destined to become regarded as a
classic in the field.

The number- 10- and the submission dates, which are reasonably close to each other,
of all the aforementioned doctoral theses is a testament to how scientific research related
to our sport has evolved. The first triathlon paper was published just forty years ago. To
our knowledge, the first doctorates on triathlons (both of which included National Squad
athletes in their subject groups) were awarded to Professor Grégoire Millet (in 1999) [11],
followed by myself [12]. Professor Millet was a former French National Olympic distance
triathlon champion and a French National Triathlon Squad coach. In 2000, he was British

Sports 2025, 13, 66 https://doi.org/10.3390/sports13030066
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Triathlon’s Performance Director for triathlon’s first Olympic Games. As such, he was an
exemplar of what is an increasingly distinguishing feature of those who are involved in
triathlon research. The fact that so many of our peers are actively researching and coaching
and/or training for/racing triathlon (and sometimes all three at the same time), as Grégoire
himself pointed out, is likely to facilitate the successful dissemination of our research
findings. Almost all of the individuals whose work is featured in this Special Issue possess
these same characteristics. Importantly, we were privileged to have published contributions
from several researchers with a fourth, immensely valuable feature. As doctors, paramedics,
physiotherapists, and/or surgeons, they have active field-, medical tent-, and/or hospital-
based experience of protecting the health and safety of athletes. Dr Jørgen Melau—a
paramedic and the safety director of the Norseman Xtreme triathlon, who is now the holder
of a Ph.D. on physiological changes induced by cold water swimming [4]—personifies
these outstanding individuals. Importantly, our authors also include those who have been
(Engelhardt, Vleck) longstanding representatives on the committees or boards of either their
respective continental governing bodies or World Triathlon. Thus, all of our contributors
were uniquely placed to bring this collation of papers, with its stated aim of acting as a spur
to the instigation and expansion of collaborative research projects that have the potential to
improve applied practice in the sport, to fruition.

In 2007, Millet and I, together with David Bentley, published an invited commen-
tary [13] on the extent to which a reciprocal relationship existed between the development
of the sport of triathlon and the nature of the scientific investigation that was directly
related to both it and to endurance sport in general. This Editorial provides us with a timely
opportunity to revisit the questions that we first posed in the International Journal of Sports
Physiology and Performance (IJSPP) 17 years ago. They fall under three main headings. Has
science influenced the knowledge and practices in a given sport? Is sports science part of
the development of the sport? Is sports science an important parameter for the emergence
of new practices (i.e., training or testing methods and technological development) or coach
education, and vice versa?

In Table 1, we provide selected examples of the above issues being addressed in the
literature as a whole. We do the same for the three areas for which this Special Issue invited
submissions, namely:

(a) Triathlon health in training and/or competition (health evaluation, event medical
care, open water swimming, and heat acclimation) (Papers 7, 9, 13, 16, and 18).

(b) Training and risk factors for maladaptation (as evidenced by injury, illness, and
non-functional overreaching and/or performance stagnation), including how it may
change with athlete age, ability level, and event distance specialisation (Papers 3 and
5).

(c) Optimising training and race preparation- at the cutting edge (preparation for the
Olympic Games, what can scientists tell coaches, what can coaches tell scientists, what
do athletes want, and how technology can change the game, e.g., as regards research
into both the aetiology and the prediction of maladaptation) (Papers 1, 2, 4, 6, 8, 10–12,
14–15, and 17).
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Table 1. Comments on the extent of reciprocity between the development of triathlons and that of
triathlon-related research.

Question Comment
Selected Examples

The Literature This Special Issue

1a. Has science
influenced the
knowledge and
practices in a
given sport?

Yes, regarding event medical care. The OWS rules
for both open-water swimming and triathlon
swimming were amended in 2013 in light of research
that was unfortunately precipitated by the death of
Fran Crippen in a 10 km event in the UAE (see Miller
and Wendt, 2012 [14]). At the time of Crippen’s
death, only lower and not upper water temperature
limits for OWS existed. Saycell et al. later conducted
research to provide a scientific rationale for lower
water temperature and wetsuit rules for elite and
sub-elite triathletes. They recommended a minimum
water temperature of 12 ◦C for racing in wetsuits
and of 16 ◦C without wetsuits. The ITU rules for
racing were changed accordingly (January 2017).

Bradford et al.,
2015 [15]; Saycell
et al., 2018 [16].

Too early to say, but several
papers have implications for
applied practice, e.g., (both
2019 studies by Melau et al.)
P9. Core Temperature in
Triathletes during Swimming
with Wetsuit in 10 ◦C Cold
Water; and P18.
Late-Presenting
Swimming-Induced
Pulmonary Edema: A Case
Report Series from the
Norseman Xtreme Triathlon;
P16. Hotfiel et al., 2019.
Accelerating Recovery from
Exercise-Induced Muscle
Injuries in Triathletes:
Considerations for Olympic
Distance Races; and P17.
Extebarria, Mujika & Pyne,
2019. Training and
Competition Readiness
in Triathlon.

Harris et al. [17] showed that the SCD rate for
triathlons is higher in the swim section than it is in
the cycling and running sections. It is not yet clear
why. IM swimming has introduced staggered swim
starts. We are not aware of any studies having yet
compared the death/medical incident rates before
and after this rule change—presumably there are not
enough data yet available to carry out such an
analysis. See https://triathlon.org/medical/ppe for
details on the recommendations and regulations of
WT as regards periodic health evaluation.

Di Masi et al.
(2022) [18]; Harris
et al., (2017) [17];
Windsor, Newman &
Shephard (2020) [19].

1b. Can it?

Yes, regarding event medical care (see the comments
in the main text regarding the GTSD), but
considerably more research is warranted. Several
published papers to date have important
implications for event medical care. Rimmer and
Coniglione [20] and Felletti et al. [21] show that it
may be possible, once enough quality data are
collected and analysed, to both optimise the medical
staff/athlete support ratios, and tailor the specificity
of staff medical training, to different locations
around the race course as a function of event
distance, event format, athlete ability, and
environmental conditions. Event medical guidelines,
e.g., those of WT, include recommended
staff/athlete staffing ratios, but given the paucity of
research into this subject, it is difficult to determine
on what basis these ratios have been set and to what
extent they are valid and/or could be improved.
This point applies to several other aspects of current
race-related medical guidelines. For example, “the
current World Triathlon heat policy that is used for
Para athlete events is based on recommendations for
non-disabled persons. Future studies should explore
whether a specific heat policy for Para triathletes is
needed, tailored in a similar manner to the
exertional heat stroke policy for Para athletes” [22].
There is still no academic consensus statement on
the definition and reporting of injuries and illness
in triathlons.

Rimmer &
Coniglione, 2012 [20];
Felletti et al.,
2022 [21]; Nilssen
et al., 2023,
2024 [23,24]; Johnson
et al., 2023 [25]; Cho
et al., 2024 [26].

3
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Table 1. Cont.

Question Comment
Selected Examples

The Literature This Special Issue

1c. Is the sport
benefiting from
science?

Yes. We are aware of several doctoral theses (e.g., Malcata, 2014 [27];
Ledanois, 2023 [5]) that focused on a particular country’s preparation for the
Olympic Games.

Again, it is still too early to
say, but several papers have
implications for applied
practice, e.g., P4. Alba Cuba
et al., 2017 regarding talent ID,
whose findings are themselves
largely explained by P14.
Piacentini et al., 2019’s
analysis of WTS events.

1d. Is science
benefiting from
the sport?

Yes e.g., hyponatremia research. Triathlon studies on
thermoregulation and fluid balance were
instrumental in the formulation of international
recommendations on preparation for endurance
sports (e.g., the ACSM position stand on exercise
and fluid replacement, [28]), plus work into the
decline of performance with ageing. Dasa et al.,
2024 [29] “questions the validity of the current
metabolic limits” and “suggests a new perspective
on what is physiologically achievable in world-class
athletes”. However, surprising gaps exist in the
literature as regards several issues that have wider
implications outside the sport (e.g., the effect of
triathlon participation on cardiac function, the injury
and long-term health implications of
multi-disciplinary cross-training across the lifespan).

Convertino et al.,
1996 [28]; Noakes
et al., 1985 [30];
Speedy et al.,
1987 [31].

P15. Falk Neto et al., 2024. The
Characteristics of Endurance
Events with a Variable Pacing
Profile—Time to Embrace the
Concept of “Intermittent
Endurance Events”?

1e. Is science
influenced or
stimulated by a
given sport?

Yes. See the above.

1f. Are
investigations of
specific interest
for athletes,
coaches, medical
staff and
administrators
who are involved
in that sport?

Athletes Jeukendrup, Jentjens
& Mosely, 2012 [32].

P2. Arevalo Chico et al., 2024;
P17. Extebarria, Mujika &
Pyne, 2019.

Coaches

Van Schuylenburgh,
Eynde & Hespel,
2004 [33]; Jacko et al.,
2024 [34];
Christensen,
2025 [35].

P2. Arévalo-Chico et al., 2024;
P3. Vleck et al., 2023; P14.
Piacentini et al., 2019.

Medical staff

Gailey and Hartsch,
2009 [36]; Chalmers
et al., 2021 [37];
Armstrong et al.,
2024 [38].

P10. Grim et al., 2019 (plantar
fasciitis therapy, RCT); P18.
Melau et al., 2019.

Administrators

Wicker et al.,
2012 [39]; Downs
et al., 2020 [40];
Heilman et al.,
2024 [41]; Bevins,
2024 [42].

P7. Seifarth et al., 2019; P8.
Brown, 2019.

2a. Is sports
science part of
the development
of the sport?

Yes, e.g., MTAR research. Ledanois et al.,
2023 [43].

Bike run transition research,
e.g., P11. Olcina et al., 2019;
P12. Walsh, 2019.

4
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Table 1. Cont.

Question Comment
Selected Examples

The Literature This Special Issue

2b. Are the
scientific topics
modified by the
change in rules
or development
stages in the
sport?

Yes, see the above and Millet, Bentley & Vleck,
2007 [13] for detailed charts. P15. Falk Neto et al., 2024.

2c. With the
emergence of a
sport, did it
renew interest or
influence the
scientific
investigation by
providing new
topics, “new
borders”?

Yes regarding hyponatremia-related research. The
newish Arena Games triathlon may provide a useful
model for future talent identification (see Stapley
et al., 2024 [44]).

See 1d. P15. Falk Neto et al., 2024.

3a. What is the
relationship
between
scientists,
athletes,
coaches, and
administrators?

It exists on mostly individual bases. At a world level,
it could be made more coherent and better
structured. The formation of both WT coaching
course accreditation and the Global Triathlon Safety
Task Force (see https://education.triathlon.org/
mod/page/view.php?id=10899) were very
promising developments.

Nilssen et al., 2023;
2024; Johnson et al.,
2023, Cho et al., 2024
(GTSD analyses of
30 years of IM
data) [23–26].

P16. Hotfiel et al., 2019 is one
of the multiple examples in
this Special Issue of this
relationship working
beautifully.

3b. Are the
continental or
international
governing bodies
supporting
scientific projects
or congresses?

A triathlon chapter was included in Caine, Harmer,
and Schiff’s IOC Encyclopaedia of Sports Medicine
Series book on “Epidemiology of Injury in Olympic
Sports”.

Vleck (2010) [45].

The “Triathlon Medicine” book was supported by WT. Migliorini (Ed.),
2010 [46].

GTSD (see the main text). See also
https://education.triathlon.org/mod/page/view.
php?id=10899.

Several ITU Science of Triathlon World Congresses
have taken place (Alicante 2011, Macolin 2013, Paris
2015, Edmonton 2020/2021).

OWS temperature limits research was funded by
FINA, the IOC Medical Commission and the ITU.
Saycell et al. (2018) [16] was funded by the Joint
Medical Committee of the IOC, FINA, and ITU.

Bradford et al., 2015;
Saycell et al.,
2018 [15,16].

3c. Are the
scientists
involved directly
with elite or
national teams or
with developing
junior or youth
athletes?

Yes. Multiple Ph.D. theses undertaken thus far were
in collaboration with National Federations and/or
National Squad athletes (e.g., those of Ledanois
(FR) [5], Cuba-Dorado (ESP) [2], Vleck (GBR) [12],
Millet (FR) [11], Malcata (NZ) [27], Extebarria
(GBR) [47] and Comotto (ITA) [48]); and several
published scientists (e.g., Bottoni, Cejuela, Millet,
Piacentini, and Vleck) work(ed) with National
Squads.

Cuba-Dorado,
2017 [2]; Ledanois,
2023 [5].

P2. Arévalo-Chico et al., 2024;
P13. Neidel et al., 2019; P14.
Piacentini et al., 2019; P17.
Extebarria, Mujika & Pyne,
2019; P4. Alba Cuba et al.,
2021.

5
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Table 1. Cont.

Question Comment
Selected Examples

The Literature This Special Issue

3d. Is sports
science an
important
parameter for the
emergence of
new practices
(training or
testing methods,
technological
development) or
coach education?

Yes, but its transfer into applied practice could
perhaps be improved (see Quagliarotti et al.,
2024 [49]; Wells et al., 2024 [50]) as could the amount
of research that is undertaken on, e.g., paralympic
triathletes and minority groups. See also Vleck,
2018 [51]. The “Health Triathlon Coaching program”
of FFTri and the French Ministry of Sport (see Coste
et al., 2020 [52] for an overview) is an inspiring
example of a training program that enables triathlon
coaches to work with individuals who have stable
chronic diseases and in so doing, take advantage of
the potential advantages of swim, cycle and
run/walk training for general health.

Weich et al.,
2022 [53].

P1. Procida et al. 2024; P3.
Vleck et al., 2024; P8. Brown,
2019.

3e. Is a given
sport only a
vehicle for
general scientific
investigation, or
are there some
sport-science
research
initiatives
specific to it?

Sports-specific initiatives exist, e.g., wetsuit research,
bike-run transition research, and pacing research
(including, most recently, those related to the
MTAR).

Ledanois et al.,
2023 [43]. P12. Walsh, 2019.

Key: ACSM, American Society of Sports Medicine; ESP, Spain; FINA, Fédération Internationale de Natation; FFTri,
Fédération Française de Triathlon; FR, France; ID, identification; IM, Ironman distance triathlon; ITA, Italy; ITU,
International Triathlon Union (now WT, World Triathlon); GBR, Great Britain; GTSD, Global Triathlon Safety
Database; IOC, International Olympic Committee; MTAR, triathlon Mixed Team Athlete Relay; NZ, New Zealand;
OD, Olympic Distance triathlon; OWS, open water swimming; P, paper (see the numbered list of contributors and
papers); Qu, Question; re, regarding; RCT, randomised control trial; SCD, sudden cardiac death; UAE, United
Arab Emirates; WTS, World Triathlon Series.

Essentially, our reply to the above key questions about whether reciprocity exists be-
tween the sport and research related to it is “yes, to some extent, but more work is needed”.
We highlight the fact that the event guidelines for open-water swimming have been revised
on the basis of research that was commissioned and funded by this sport’s governing body,
amongst others. Research that has the potential to directly improve event medical care (e.g.,
P10, Melau et al., 2019. Late-Presenting Swimming-Induced Pulmonary Edema: A Case
Report Series From The Norseman Xtreme Triathlon) is continuously being published. Sur-
prisingly, however (and especially given the opportunities that amateur triathlon’s unique
age-group system provides for research into the effects of multi-disciplinary exercise train-
ing in ageing populations), few comprehensive studies of either triathlon training or of
its long-term effects exist. The latter point is relevant to medical issues (e.g., the incidence
of skin cancer; see [40]). It also applies to research into how triathlon participation might
offset the effects of ageing and (given that it is a multi-disciplinary sport) might affect those
at the other end of the age spectrum, e.g., motor skill development of younger athletes (of
less than 8 years of age) [54,55]. There also appears to have been little investigation to date
on the extent to which triathlon participation can either positively [56]) or negatively [57]
impact mental health, and/or non-communicable disease [51]. It would prove useful if how
triathletes actually train were better researched- both for those who take part in the sport
and, probably, for sports science in general. We further recommend that more research be
carried out into the extent to which current coaching accreditation courses and coaches
themselves are both up to date with and implement findings from the triathlon literature.
We applaud the sterling work of Professor Romauld Lepers on the decline of performance
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with age in masters athletes [58–61]. Lepers’ work to make the practical implications of
his findings available to the wider exercising public (Lepers, 2021 [62]) sets an excellent
example for us all.

We are privileged that this Special Issue was met with such an enthusiastic, collabora-
tive response from the triathlon community worldwide. We are confident that the papers
contained within it should also prove relevant to its component sports, and we extend our
grateful thanks to everyone who was involved and continues to support research in our
sport. We note that the analysis that I conducted in 2007 for the IJSPP commentary [13]
was based on the 278 articles with triathlon or triathlete in the title that were published in
PubMed between the first published paper in 1984 and the end of 2006. After four decades
of research https://lida.sport-iat.de/dtu-triathlon/ (LIDA)- the database of scientific liter-
ature related to triathlon that is based on a collaboration between the Deutschen Triathlon
Union (DTU) and the Institute of Applied Training Science Leipzig (IAT), now numbers
over 1440 triathlon articles and over 19,000 triathlon related items. This database is freely
available. In closing this Editorial, we therefore extend a special thank you to Birgit Franz,
who was working on the aforementioned database when I started my triathlon-related
Ph.D. over thirty years ago, and still works on it, for her significant contribution to the sport.

Finally, we wish to both acknowledge the work of Professor (Doug) Hiller, M.D., and
make a related announcement. Professor Hiller was one of the first three members of the
medical committee of the International Triathlon Union (ITU, now World Triathlon) in 1989.
He (together with Pamela S. Douglas M.D. and Professor Mary L. O’Toole) was one of the
initial leading trio of researchers to publish on triathlon and was involved with drafting
the first set of medical guidelines for what would eventually become USA Triathlon. He
was inducted into the Hall of Fame of the ITU in August 2019 for his lifetime contributions
to this evolving Olympic sport.

The triathlon chapter in the 2010 IOC book on epidemiology of injury and illness in
Olympic sports [45] concluded with these words: “It is strongly urged that a collaborative
research team of race organizers, technical officials, coaches, athletes, medical support staff,
and researchers working at both the grass-roots and the top end of the sport be established,
for an adequate database of injury data to be compiled and used to drive continuous
improvement in triathlon training and competition practice, as well as education of athletes,
coaches, and both technical and medical staff”. Professor Hiller and Professor Christopher
Connolly of Washington State University have now set up such a global triathlon safety
database (GTSD, www.globaltrisafety.org). The GTSD is both a medical data repository
and provides secure data management and analysis for triathlon organizations worldwide.
To date, it is supported by the World Triathlon, Ironman Triathlon, and USA Triathlon. In
addition to the LIDA database and the recently established Triathlon Research Initiative
(www.triathlonresearchinitiative.com), it is likely to prove to be a critically valuable resource
for the sport.

We strongly encourage all of our colleagues in the sport to make use of the GTSD
and, in so doing, improve the translation of research findings into improvement in applied
practice because

“Nothing is more important than the health and safety of the athlete.”

(Hiller, undated quote).

Sincerely,

Veronica Vleck, Ph.D.

Professor Maria Francesca Piacentini, Ph.D.
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Abstract: Multidisciplinary sports like triathlons require combining training for three different sports,
and it is unclear how triathlon coaches manage this. During a 10-week period, we provided four
age-group triathlon coaches with summary reports of the training completed by their athletes (n = 10)
in the previous week. Coaches were then asked if the information provided to them was used to
inform training prescription for the following week. The information provided to coaches included
relative acute training load (rATL) and training stress scores (TSSs). Weekly fluctuations in rATL
of >10% (spikes) were 83% (swim), 74% (bike) and 87% (run). Coaches adapted training loads for
the upcoming week in 25% of all rATLs reported, and only 5% (swim), 33% (bike) and 9% (run)
of the adjusted loads avoided spikes. Consequently, there were 22 single-discipline acute training
load spikes vs. 14 spikes when combining all three disciplines. Only 1.5% of training was lost to
injury, mostly after a large running-based training load spike (>30%). Coaches largely overlooked
the information provided in the report when prescribing exercise for the following week, and when
adjusted, it failed to bring weekly load variability <10%.

Keywords: multidisciplinary sports; swimming; running; cycling; training management; load
quantification; coach behavior

1. Introduction

Multidisciplinary sports such as triathlon require intentional planning of weekly train-
ing sessions for three different sports [1,2]. To be adequately prepared for endurance events
of this nature, the volume of training is significant [3]; hence, monitoring and reviewing
training loads is crucial to enhance training adaptations and consequent performance [4–6].
Enhancing training adaptations requires combining adequate types, intensity levels, and
volumes of training stimuli interspersed with effective recovery periods [7]. However, pre-
scribed external (objective) training loads might differ from the loads athletes complete [8];
hence, coaches should consider completed workloads by athletes instead of relying on
original exercise prescription when planning future training loads.

Suboptimal training preparation may result in compromised performance outcomes
for athletes, but perhaps in age-group triathletes, injury prevention comes before perfor-
mance optimization. Triathlon studies have characterized training undertaken by age-group
triathletes [9,10]. Inappropriate training loads may result in injury, illness, or non-functional
over-reaching [11–13], with injury reported to affect between 29 and 91% of adult triathletes
at some stage during training and competition [14]. Injury results in a loss of training
consistency, which has a negative impact on individual athletic success [15]. Although no
single marker of an athlete’s response to training load consistently predicts maladaptation
or injury [16], avoiding abrupt increases or decreases in training load seems to be key to
avoid them [17,18]. This is why there are numerous ways to monitor load in endurance
sports, such as Training Impulse (TRIMP) [19], training stress scores (TSSs) [20], and rela-
tive acute training load (rATL) [21] as well as acute/chronic workload ratio (ACWR) [22].
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Most training-load-related outcome measures require context around them and have their
limitations in explaining training load; hence, they should be interpreted carefully. Given
that age-group or amateur triathletes would comprise a very high portion of registered
triathletes world-wide (compared to professional or elite athletes), their training load
management and enhancement warrant further research.

In order to identify exercise programming aspects that might negatively affect triath-
letes, it is crucial to capture training-related data consistently and accurately. The increase in
readily available wearable technologies in combination with the growth of online-based ath-
lete monitoring systems make capturing training data a reasonably easy venture. However,
despite the ability to capture exercise training metrics such as running distance, intensity
of exercise, power output in cycling, etc., it is unclear how this information may be used by
coaches to amend or enhance future training prescription, hence the urgency to expand on
the understanding and education of coach knowledge and practices on coach behavior in
relation to training load management.

It is unclear how triathlon training data are used to inform future exercise prescription
in an attempt to align with fundamental principles of training metrics relating to the volume,
intensity, frequency, and type of exercise. However, evidence from other sports suggests that
sudden increases in training load can increase the likelihood of injury. Such sports include
team sports [21,23], as well as individual endurance sports including swimming [24] and
running [25]. Coach behavior regarding weekly training load fluctuations would provide
insights into how age-group triathlon coaches manage athlete training loads in triathlon,
both for each individual discipline and also the combined overall weekly load distribution.
Therefore, the primary aim of this study was to investigate if the exercise training load
prescribed by triathlon coaches is informed by or adjusted according to the training load
undertaken in the previous week(s) or not, in order to avoid substantial fluctuations in
training load.

2. Materials and Methods
2.1. Design

This exploratory observational study focused on a 10-week training data collection
period (competition season, May–September) where the training loads of a cohort of age-
group athletes were monitored. Coaches were provided with weekly summary reports with
the completed loads by athletes in the previous week and were asked whether they used
the information provided on training load monitoring metrics to inform the training plan
for the following week. All athletes performed standardized time trial-based field testing in
all three disciplines (swim, bike and run) prior to commencing the study to determine their
basal individual threshold intensities. These data were required to calculate individualized
training loads derived from the various relative training intensities.

This study was approved by the Committee for Ethics in Human Research at the Uni-
versity of Canberra (project ID 2030) and all participants provided their written informed
consent prior to participating in the study.

2.2. Participants

In total, 10 (n = 10) age-group triathletes (females, n = 6; males, n = 4) and 4 (n = 4)
male nationally accredited age-group coaches were recruited via a post on social media to
participate in this study. The triathletes were 38 ± 6 years old (mean ± SD) and the coaches
were 46 ± 8 years old. The coaches had 3.0 ± 1.6 years of experience in coaching age-group
triathletes with 13 ± 6 h of weekly commitment. Three coaches had a triathlon development
coach accreditation (Level II out of III, AusTriathlon, Milton, QLD, Australia). One coach
had an equivalent accreditation as a running coach but coached all three disciplines of
triathlon. All coaches would be considered non-elite development coaches. Coaches
had 11 ± 6 years of personal triathlon competition experience at the age-group level. All
coaches used TrainingPeaks™ (Boulder, CO, USA) as their athlete monitoring system and
had 2.3 ± 1.2 years of experience using this system. Coaches coached their athletes face-to-
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face and also remotely. All participating triathletes were coached by one of the participant
coaches. The triathletes had 1 to 4 years of triathlon training experience at age-group
competition level. Athletes had completed a wide range of race distances, predominantly
Sprint and Olympic distance, and one of them had completed a Half-Ironman. Triathletes
had to be healthy when the field-based testing took place and have been training for
triathlon races for at least 12 months.

2.3. Data Collection

All the athletes used Garmin GPS-enabled smart devices to record training data across
the swim, bike, and run. All sessions recorded training time, distance, and pace/speed.
For the bike and run sessions, heart rate was recorded using Garmin chest strap-based
technology. All data were uploaded to the online athlete monitoring system Training-
Peaks™. The participant coaches were required to use the online platform TrainingPeaks™
as their athlete monitoring system [11], which conveniently provides the training load
data required for this study. All athletes performed time trial-based field testing in all
three disciplines (swim, bike, and run) prior to commencing the study to determine their
basal individual threshold intensities. The field testing consisted of a 1000 m time trial
(TT) for swimming, a 30 min TT for the bike (flat open road), and a 30 min TT for the
run. These time trials were common field-based tests undertaken by the athletes during
a season to monitor progress. Since we were interested in looking at chronic training load
and acute training load, we only needed the threshold so that we could determine the
intensity factor for each session. The intensity factor and the session duration were then
used to calculate the training stress score, which was used for the CTL and ATL. These data
were required to calculate individualized training loads derived from the various relative
training intensities.

Coaches were provided with several familiarization sessions with the lead researcher
(DP) prior to the commencement of the study. The lead researcher provided the coaches
with mentoring about all the data collection and outcome measures involved in the study.
Coaches completed a questionnaire at the start of the study which included information on
the coaches’ background (experience, weekly commitments to coaching, coaching delivery
modes), certifications and education relating to coaching, and athletic history. The athletes
completed their questionnaire at the start of the study and included information on training
and competition experience and a brief injury history summary.

All athlete training data were gathered via the athlete’s smart training devices and the
associated sensor and uploaded to TrainingPeaks™ via the athlete’s smartphone application.
At the end of each week, the lead researcher accessed the following information: total
number of sessions (and per discipline), training session duration, intensity of training,
training stress score (TSS), chronic training load, and acute training load for each discipline.
The lead researcher then provided the coaches with a summary feedback report for each
individual athlete on a Sunday. The next day on the Monday, coaches released the training
program for the following week. The summary feedback provided by the research team
to the coaches included (i) the weekly average intensity factor (mean percentage of threshold
intensity for a given session, e.g., a session completed at 65% of threshold intensity would have an IF
of 0.65); (ii) the training stress score (IF2 × Volume (hours) × 100), [26] representing the total
training load for the week; (iii) the number of sessions planned by the coach; (iv) the number
of sessions completed by the athlete; (v) chronic training load: exponentially weighted
moving average of the training stress score over the previous 42 days; (vi) acute training
load: (vii) exponentially weighted moving average of the training stress score over the
previous 7 days; (viii) relative acute training load (rATL): difference in acute training load
between the current week and the previous week (%), used to calculate weekly variability
in training load; and (ix) acute/chronic workload ratio (ACWR). Although the role of
ACWR as a risk injury predictor is contested [27], it was used as a complementary measure
to monitor training load overtime.
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Given the 42-day period used to calculate chronic load (for each discipline as well as
for all three disciplines combined), the threshold testing was performed 42 days prior to
the collection of any training load data for the study. During this period, athletes continued
training as per usual. The results of both training load metrics for the previous week
were color-coded green if they were within the pre-defined range (<10% in rATL, ACWR
between 0.8 and 1.5 [28], and compliance between 80 and 110%). When the difference fell
outside of these ranges, the metrics were color-coded red. We defined a >10% change in
week-to-week training load fluctuations in rATL to be enough to consider it a spike.

Training compliance was monitored as the percentage of prescribed sessions completed
by the athlete in the previous week. Finally, the coaches were asked to provide a binary
response to the question “Did you use the rATL/ACWR feedback metric to alter training
load in the subsequent week?” This information was used to determine whether the
coaches considered the training load metrics from the previous week when prescribing
their athletes’ training loads for the following week. In instances where the coach indicated
that the feedback metrics were not used to adjust the training load, the coaches were asked
to provide a reason for it (open text).

2.4. Data Analysis

Data analysis was conducted using R version 4.01 in RStudio (version 1.3.959, RStudio
Inc., Boston, MA, USA). Descriptive statistics are reported as mean ± SD, unless otherwise
stated. In addition, training load and training load prescription were highly individualized
and achieved large inter-athlete variation. Therefore, we provided ‘per athlete’ and ‘per
coach’ descriptive statistics to present individual athlete data. In instances where the coach
indicated that the feedback metrics were not used to adjust the training load, the coaches
were asked to provide a reason as a short response. These responses were summarized
into codes, which were then used to determine themes using thematic analysis [29] to
understand coach behavior regarding training load management.

3. Results
3.1. Training Load

A total of 770 training sessions were prescribed by the coaches over 10 weeks, and
640 training sessions (663 h of training) were completed by the participant athletes. Out of
all the training sessions, only three athletes missed training sessions due to injury or illness,
twelve sessions due to injury and fourteen sessions due to illness. Ten of the sessions lost
to injury relate to the same athlete and after a rATL of >30% (running-related).

There were no missing data or non-responses from the coaches. Cycle training consis-
tency was highest with 88 ± 36% of sessions being completed, followed by run training
(84 ± 29%) and swim training (81 ± 35%). Overall training compliance was 84 ± 25%.
A summary of the overall training volume, intensity, and total stress scores for the training
sessions during the 10-week period is shown in Table 1.

Table 1. Training load data over the 10-week data collection period (mean ± SD).

Discipline TSS IF (%) Volume (h)

Swim 128 ± 118 85 ± 37 1.3 ± 1.0
Bike 215 ± 161 70 ± 25 3.6 ± 2.6
Run 168 ± 91 83 ± 22 2.2 ± 1.2

Overall 507 ± 245 86 ± 15 6.6 ± 3.1
IF = intensity factor (mean percentage of threshold intensity for a given session, e.g., a session completed at 65%
of threshold intensity would have an IF of 0.65); TSS = training stress score (IF2 × volume (hours) × 100).

For the purpose of this study, rATL and ACWR metrics were only used as signposts to
guide the training load completed by the athletes (as opposed to predictive outcomes). The
weekly training load fluctuations for the 90 person-weeks, each with 3 separate rATLs (1 per
discipline), were recorded, with a total of 270 week-to-week fluctuations in rATLs recorded,
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showing that 71% of them were >10% (Figure 1). Weekly variations in rATL of >10% were
83% for swimming, 74% for cycling, and 87% for running. Moreover, there was a substantial
number of weekly fluctuations in rATL of >30% in training load (52% for swimming,
53% for cycling, and 51% for running). There were 32% of weekly fluctuations in rATL
>30% for overall training load. All rATLs for each individual athlete for the 10-week
data collection period for each discipline (swim, bike, and run) are shown in Figure 2.
Coaches considered 23%, 27%, and 24% of the swim, bike, and run (respectively) of all
rATL summary feedback reports provided to them (Table 2).
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Figure 1. Overall rATL per athlete. A00× indicates the athlete identification number. Gray shaded
bands represent ±10% relative acute training load (rATL) range. Symbols indicate whether the
coach for each athlete modified the training load based on the rATL feedback metric provided:
‘•’ = feedback was used.

Table 2. Number of weeks and athletes each coach was responsible for and the corresponding number
of weeks where coaches considered the relative acute training load (rATL) to adapt their training
load prescribed to the athletes for the following week; 100% of rATLs considered were calculated as
follows: # of athletes X # of weeks × 3 (disciplines). Key: # = number.

rATL Considered by Coaches
(# of Weeks)

Coaches # of Athletes # of Athletes × 10 (# of Weeks) Swim Bike Run % of rATL Considered

C1 2 20 0 0 1 2
C2 3 30 20 23 21 58
C3 1 10 1 1 0 7
C4 4 40 0 0 0 0

Total 10 100 21 24 22 22
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Figure 2. Swim, bike, and run rATL per athlete. A00× indicates the athlete identification number.
Gray shaded bands represent ±10% relative acute training load (rATL) range. Symbols indicate
whether the coach for each athlete modified the training load based on the rATL feedback metric
provided:‘#’ = feedback was not used, ‘•’ = feedback was used.
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3.2. Weekly Reports

From the summary feedback reports where rATL was considered, only 5%, 33%, and
9% of swim, bike, and run rATLs fell within the ±10% variability range the following week.
Only 48% (swim), 67% (bike), and 57% (run) of the ACWRs fell between the recommended
0.8 and 1.5, and coaches considered 20% (swim), 23% (bike), and 21% (run) of the ACWR
information provided. From the summary feedback reports where ACWR was considered,
only 33%, 50%, and 59% of swim, bike, and run rATLs fell within the recommended
0.8 and 1.5. The majority (95%) of the weekly reports considered came from the same coach,
who had a higher education degree (i.e., Sport and Recreation with a Coaching Major) and
was the most experienced (>5 years). Only 5% of the reports were considered by the others
with less experience (1–3 years).

3.3. Coach Behavior

The main reason, in 66% of cases, for coaches to not consider the summary report
was because they wanted to avoid changing the training they had already planned. The
second reason for not considering the summary report was related to environmental
constraint (18%), where the training environment impacted the ability of the athlete to
train. Illness/injury and work/life constraints combined explained 13% of the cases to not
consider the feedback report. Coaches gave the athlete the freedom to decide on training
load for that week in 3% of cases.

4. Discussion

This exploratory study reports a high incidence of large (10–30%) and ad hoc weekly
training load fluctuations in the training prescription of amateur (age-group) triathletes.
When faced with the use of an externally provided summary of training metrics (that
coaches already have access to) with added interpretation, coaches in most cases did not
consider the information provided and relied instead on pre-existing planning for future
load prescription. It is unclear whether capturing and processing other information on
the weekly reports would have been more valuable for the coaches. High weekly training
variation did not result in a high incidence of injuries. It is unclear how effective this training
prescription approach would be when the priority is to enhance training adaptations.

There were larger fluctuations in weekly training load metrics when training load
was observed separately for each discipline than when the training load of the three
disciplines was combined. This outcome underpins the importance of studying each
individual discipline separately as well as considering the combined load. The weight-
bearing nature of running probably contributed to how most of the injuries in this study
were linked to weekly running load fluctuations of >30%, in agreement with previous
research [25]. Running results in higher musculoskeletal load compared to the non-weight-
bearing exercise like swimming and cycling, and most injuries in triathlon result from
it [30]. Running-related training load would be the priority for triathlon coaches to monitor
and alter, if needed, in order to minimize injuries. Endurance sports exercise prescription is
dominated by remote coaching practices and digital technology [31]. Training management
systems such as TrainingPeaks™ allow coaches to amend sessions remotely with ease.
Coaches might need to be responsive to adjustments required in training loads at short
notice, especially with running, to ensure a progressive and incremental model for training
and avoid abrupt spikes.

The weekly training volume undertaken by the triathletes in this study is similar to
that described in the literature for recreational triathletes [9]. Athletes and coaches under-
standably push close to the limits of tolerance of the given athlete to promote performance
gains without compromising good health and the risk of injury. Suboptimal training stim-
uli may preserve good health but might not produce the best performance, while a more
aggressive approach with training load might jeopardize the athlete’s health.

Consistency in training has been shown to be a key factor in athletic success [15],
where training load is progressive and incremental, fundamentally, despite many different
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ways to periodize endurance training. Despite the low illness/injury incidence registered
over the relatively short 10-week period, with over half of the weekly load fluctuations
being >30% across all three single disciplines, it is unclear if the training process is adequate
for enhancing adaptations [16]. A combination of failure to consider recently completed
workloads by athletes to inform training prescription for the coming week, and athlete
compliance factors (i.e., adherence to the prescribed exercise intensity during training
sessions), likely contributed to large fluctuations in training load. These two factors are
key when athletes and coaches work remotely, and should be the focus when athletes and
coaches discuss strategies for training and competition.

Most coaches favored the already-planned workload for the upcoming week without
checking the work completed by the athletes in the previous week. Perhaps this decision
making is related to the metrics provided to them in the weekly summary reports, or
perhaps it is because of coaches expecting/assuming athletes to complete exactly the
load prescribed. It could also be that coaches in this study did not have a problem with
substantial week-to-week load variations, and they perceive this to not have any negative
consequences. These findings in themselves are very interesting, provided that there
is limited evidence on the concept of how the exercise prescribed by coaches and the
exercise completed by athletes align. Little is understood about how coaches go about
exercise prescription and whether the completed exercise by the athletes reflects the exercise
prescribed by the coach.

We acknowledge that this exploratory study has a limited number of coach and athlete
observations, and provided that there are very limited data on how triathlon coaches use
training data to inform future prescription, this study provides some preliminary insights
and would encourage future research to include more coaches and athletes in their study
designs. Although the present study is limited by a low number of observations, it raises
some important and fundamental questions that future research should aim to address,
for example, identifying the factors that influence coaches’ training load management
decisions in multi-sport environments. The discrepancy or alignment between training
load prescription by coaches and training load completion by athletes, not only in terms of
sessions completed or not but also in relation to the intensity of the work undertaken (vs.
prescribed), is a topic that requires investigating. This knowledge will assist in evaluating
the importance of acting on work undertaken instead of relying on work that was planned
to inform future exercise prescription.

The practical implications for age-group triathlon coaches include the following:

• Rapid changes (increases) in weekly training load derived from individual disciplines
(swimming, cycling, running) might be masked when observed as the overall training
load combining all disciplines (swim, cycle and run) compared with the training load
of isolated disciplines.

• Running-related workloads are to be monitored more carefully, as the injuries ex-
perienced by athletes in this study occurred mostly after a large increase (>30%) in
running load.

• Identifying a system to increase responsiveness to adjust future workloads based on
previous work undertaken might be advantageous in avoiding large weekly fluctua-
tions that might negatively affect some athletes.

5. Conclusions

This study provides preliminary insights into how variable training prescription by
coaches and corresponding training load completed by athletes is in age-group triathlons.
Coaches were more likely to adhere to pre-determined training loads rather than modifying
them based on completed training load feedback metrics, even at the expense of exposing
athletes to high training load differentials from one week to the next. The incidence of
injuries was mostly related to large weekly fluctuations in running training load, but not
all athletes were affected by it, suggesting there is substantial inter-individual variability.
Moreover, even when the feedback provided was considered, this did not always avoid
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a spike in training load (both single-discipline and combined training loads) the following
week. This pilot study indicates that the outcome measures chosen in this study might not
have been useful for coaches, that coaches might not always seek to avoid large weekly
training load fluctuations, and/or that coaches might prescribe training loads that athletes
might not adhere to or follow accurately.
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Abstract: (1) Background: Studies on injury prevention programs are lacking for triathletes. The aim
of the present study was to describe the results of a holistic (injury) training prevention program
(HITP), based on training load control and strength training, in elite triathletes. (2) Methods: The
study was conducted over 2021–2023 and involved 18 males and 10 females from the same training
group. The HITP itself included various methods of fatigue monitoring, strength training focused
on the prevention of overuse injuries (OIs), cycling skills training, and recovery strategies. The total
number and type of injuries that were sustained, subsequent training/competition absence time, and
injury incidence were determined. (3) Results: Twenty-four injuries were recorded over all three
seasons, i.e., 0.65 injuries per 1000 h of training and competition exposure. Fourteen injuries were
traumatic injuries (TIs) and ten were OIs. Of the OIs, four were of minimal severity, two were mild,
three were moderate, and one was severe (accounting for 1–3, 4–7, 8–28, and >28 days of training
absenteeism, respectively). A total of 46.4% of the participants did not present any type of injury
and 71,4% did not incur any OIs. Average absenteeism was 17.3 days per injury. (4) Conclusions:
The HITP design and implementation resulted in low OI and severe injury incidence. Due to their
unpredictable nature, the number of TIs was not reduced. The TIs were suffered more frequently
by men. Women are more likely to suffer from OIs, so it is particularly important to prevent OIs in
women.

Keywords: multifactorial injury prevention; endurance training; strength training; triathlon

1. Introduction

Triathlon is an Olympic sport in which swimming, cycling, and running are timed
consecutively. The most common distance in the short-distance triathlon is the so-called
Olympic distance (i.e., 1.5 km swimming, 40 km cycling, and 10 km running) [1].

Triathletes are subjected to high training loads when preparing for competition because
of the multidisciplinary nature of the sport. A professional triathlete racing in the elite
category may average weekly training volumes of 15–27 h over the course of a full season [2,3].
Triathlon may present lower sport-related injury (SI) incidence than several other risk or
contact sports [4], but high training loads can result in frequent overuse injuries (OIs) or
traumatic injuries (TIs) [5–7]. Previous studies have indicated that injury prevalence during
the competition phase ranges from 2% to 15% [8]. Vleck et al. [9] showed that the most
common types of SIs among high-level triathletes are OIs (with 72% reporting at least one)
followed by TIs (with 43% of athletes reporting at least one). Moreover, the most frequent
anatomical location of injuries is in the lower limbs [7,10]. This is due to the high impact of
the run, the exercise mode in which most injuries occur [7].

SIs are a major concern for coaches [11]; not only do they affect the athlete’s health,
but, because they impede training, they can also lead to poorer performance.

This is why SI prevention should be regarded as a key component of an effective
training plan. However, to the best of our knowledge, no studies have hitherto presented
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any specific injury prevention programs for triathletes [5–8,12,13]. The nature of SIs in
triathlon is multifactorial and complex, prompting a holistic prevention approach [14,15].
In such prevention programs, knowledge of risk factors must be translated into real training
contexts [15]. The fundamental aspects of a holistic injury training prevention program
(HITP) would include systematic strength training; indeed, a recent systematic review and
meta-analysis demonstrated that a 10% strength training volume increase reduces SI risk by
over four percentage points [16]. Nonetheless, triathletes often overlook strength training,
owing to misconceptions about the use of concurrent training as well as because of practical
considerations [17]. The adequate monitoring of training load is a second important aspect
of a successful HITP. Proper management of both internal loads (e.g., rating of perceived
exertion (RPE), heart rate) and external loads (e.g., training duration and intensity) helps
balance performance enhancement and injury risk. Research shows that sudden changes
in training load and excessive or insufficient training can significantly increase injury
rates [15,18]. Therefore, systematic monitoring and adjustment of training loads are essen-
tial for optimizing performance and reducing the risk of injury [19]. Other techniques such
as deep tissue massage and myofascial release not only enhance muscle recovery but also
improve flexibility and circulation, thereby reducing injury risk. Consistent application of
massage therapy has been shown to prevent common sports injuries by maintaining muscle
integrity and optimizing an athlete’s overall functional capacity [20]. Suarez et al. [21]
provide a good illustration of an HITP involving these topics. They developed a program
for professional football players that embraced strength training interventions, physiother-
apy, load control, and constant technical staff feedback. The aforementioned HITP had
important results in practice. It reduced the total number of SIs that were sustained by the
athletes by more than half over the seasons during which it was implemented.

The issue of injury has been a recurring subject in the field of sports science over the
last decade. A number of descriptive and experimental studies have addressed both the
causes of injury, and rehabilitation and prevention protocols [22–24]. However, much of
such literature has focused on more popular sports, such as football or basketball [25,26].
In the domain of endurance sports, some triathlon-related studies have been published
on swimming [27], cycling [28], and running [29]. They found that the implementation of
injury prevention protocols (including strength, stretching, and physiotherapy) reduced OI
risk. Nevertheless, to our knowledge, no studies with high-performance athletes, detailing
the characteristics of the HITP and its effects on injury incidence, have been conducted in
the sport of triathlon. A comprehensive description of such a triathlon-specific program
that thoroughly describes all the strategies used would likely help coaches and athletes
to improve their training plans. This could consequently lead to a reduction in their risk
and/or severity of sports injury.

Thus, the aim of the present study was to provide an in-depth account of an HITP
proposal that was implemented in high-level triathletes over a 3-year period, together with
its effects.

2. Materials and Methods
2.1. Participants

A total of 28 athletes participated in the study, of whom 18 were men and 10 were
women. Based on McKay’s framework for sport science research [30], of the male triathletes,
4 were categorized as tier 5 (world-class level) athletes, 6 as tier 4 (elite/international level)
athletes, and 13 as tier 3 (highly trained national level) athletes. That is, 10 males were
international-level and 13 were national-level triathletes. Of the female triathletes, 4 were
tier 4 and 6 were tier 3. Overall, the study participants included 4 triathletes with at least
one podium finish in the World Triathlon Series, 5 with at least one podium finish in the
World Triathlon Cup, 9 with a top 10 finish in the World Triathlon Cup, and 9 national
champions. The triathletes were of 7 different nationalities. The athletes belonged to the
same triathlon team, followed the same training methodology, and were led by the same
coaches (i.e., AT, HA, RC, and SS). The data presented in this work correspond to athletes
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who were part of the training group for at least one year over the 2021, 2022, and 2023
seasons.

As regards the male triathletes, their mean and standard deviation (SD) for age, height,
and weight were 22.1 (4.2) years, 179.3 (8.7) cm, and 68.2 (5.3) kg, respectively. For the
women, average age, height, and weight were 20.7 (4.6) years, 169.3 (7.5) cm, and 58.2
(4.1) kg, respectively. All the study participants had over 5 years of experience in triathlon
training and competition. They underwent a medical check-up at the start of each season
to confirm their physical readiness for intense exercise. The study participants also gave
written informed consent in advance for their data to be used in the study. The study
procedures were approved by the Ethics Committee (Expedient UA 2022-09-29_1) of the
University of Alicante and followed the data collection guidelines of the Declaration of
Helsinki.

2.2. Study Design

The present study was a longitudinal prospective descriptive study. The data were
collected over the course of three entire calendar years, in the years 2021, 2022, and 2023.

The triathletes performed an HITP that was itself divided into 5 different sections (i.e.,
strength training, training load control, session development control, bike skills training,
and physiotherapy treatment), all of which were worked on continuously throughout the
season. All the interventions were coordinated with each other. Effective communication
between the staff and medical team was strongly focused on throughout, with the athletes’
health being regarded as the priority.

2.3. Injuries and Exposure

Only SIs that were attributed to triathlon training or competition were recorded. SI
diagnosis and treatment were performed by the medical team. In more severe SI cases, the
clinical diagnosis was verified via magnetic resonance imaging. A record book was used to
take note of SI type, its anatomical location, and the (subsequent) duration of sports-related
inactivity.

In line with previous studies [5,7,31], SIs causing absence from participation in at least
one training session of any discipline were considered as recordable. Depending on the
underlying injury mechanism, the SIs were categorized either as TIs (e.g., due to a bike
crash) or as OIs (e.g., stress fracture). The SIs were categorized by anatomical location,
as either lower body or upper body injuries. Injury recovery was considered complete
when the participant was able to return to training in all three triathlon disciplines. SI
severity was determined by the duration of the interval between the date on which the
injury occurred and the triathlete’s return to full training. Injury severity was categorized
as follows: minimal (1–3 days of missed active participation), mild (4–7 days missed),
moderate (8–28 days missed), or severe (over 28 missed days) [21].

Injury rate (IR) was determined as the number of total injuries that were recorded per
1000 h of training and competition. To calculate training and competition volume, all the
study participants recorded their triathlon training and competition sessions using their
training recording devices. The specific training analysis instrument that was used for
monitoring endurance sports was the COROS Training Hub software (COROS Wearables
Inc., Irvine, CA, USA).

2.4. Intervention

The HITP was implemented in the same way for all the study participants throughout
each of the three seasons for which the study ran. Priority was given to some of the topics
of the HITP depending on the season period, as illustrated in Table 1.
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Table 1. Order of priority per section of the holistic training prevention program during the season.

Strength
Training

Training
Load Control

Session
Control

Physiotherapy
Treatment

Bike
Skills

Traditional
periodization

General preparatory Period **** *** **** ** ***
Specific Preparatory Period *** **** **** **** ****

Competition Period ** ** *** *** ***

Block
periodization

Accumulation Block *** *** *** * **
Transformation Block ** **** *** *** ***

Realization Block * ** ** ** **

* = Degree of importance of the topic from 1 to 4 stars, with a 4-star rating being the most important.

2.4.1. Strength Training

The strength training planning was structured based on the athlete’s schedule of
competitions and training sessions (Figure 1). Each season was planned according to each
athlete’s individual competition calendar. Due to the characteristics of the athlete’s compet-
itive calendar, a first training block of traditional-style periodization, followed by a second
phase of block periodization (ATR style), was implemented [32]. The first, traditional peri-
odization block of the season was the longer of the two blocks. The traditional periodization
model can be useful for athletes who do not have an excessive number of competitions
during this period. The athletes can benefit from a multi-task training program by devel-
oping several capacities and abilities at the same time, while the accumulated fatigue and
any negative training transfer effects that can occur between such capacities are taken into
account [32]. The second block was significantly shorter. In view of the residual training
effect of the first block, it was decided to employ an ATR model for this second block of
the season. Given the increased number of scheduled competitions within the aforesaid
period, it was necessary for the athletes to work on different skills over a shorter period
of time. The ATR model was deemed the most suitable model under such conditions [32].
The introduction of several methods of strength training was proposed because studies
have shown that endurance athletes improve their strength levels and economy more with
strength training programs that contain several methods (e.g., plyometric and maximum
strength training) as opposed to a single method [33].
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A submaximal load–velocity profiling test [34] was realized to estimate the one repe-
tition maximum (1RM) of each triathlete, and then to set his/her individual loads on the
basis of this, for each of the basic strength exercises that were utilized by the program.

• Block I (traditional-style periodization):

This period lasted 28 ± 3 weeks and included the entire general preparatory period
(of 12 ± 2 weeks), the specific preparatory period (of 8 ± 1 weeks), and the competitive
period (8 ± 2 weeks). During the general preparatory period, a first, basic physical con-
ditioning phase, which involved 4 weekly sessions, unfolded for 6 weeks. The sessions
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focused on developing endurance strength using low loads (40–60% RM), with a 1 min rest
period between sets. They involved two different types of (1) unilateral exercises; (2) com-
plementary mobility hip and scapula exercises; and (3) complementary strengthening
exercises of the core, Achilles tendon, tibial muscles, peroneal muscles, as well as of intrin-
sic foot and gluteus muscles. Figure 2 shows an example of hip mobility exercises. In this
phase, isometric strength “Iso-Hold” hip-type exercises were also performed in 2–3 sets of
2–3 repetitions, lasting from 10 to 30 s on each side [35]. This training was conducted at the
beginning of the season to generate a general muscular physical conditioning in the athlete,
to avoid muscular decompensation, and to work on the stabilizing musculature. This
should allow for the accumulation of more training load, as well as for strength training
with higher loads [32,36].
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Figure 2. Examples of different exercises for hip mobility training.

The second phase of the general preparatory period was the basic strength devel-
opment phase, which lasted 6 ± 1 weeks. In this phase, 3 sessions were performed per
week. The workload that was performed was between 65 and 75% of 1RM, in 3–4 sets
of 5–8 repetitions and with a 3′ rest between sets, i.e., of medium–low-level effort. This
design was implemented so as to produce maximum strength improvement while avoiding
the development of excessive fatigue that could then affect the athletes’ main endurance
training sessions. In this way, we avoid the excessive accumulation of metabolites and
muscle damage, as well as the generation of hypertrophy, which is unnecessary for en-
durance sports [33,37,38]. The exercises that were performed were a total of 5 multi-joint
exercises, divided into upper body (pull-ups and bench press) and lower body (deadlift, hip
thrust, squat, and Bulgarian squat) exercises. In each session, 2 lower body exercises were
alternated with one upper body exercise. There were no exercise repetitions in consecutive
workouts. A reduced range of exercises was chosen so as to ensure technique mastery and
to optimize the use of training time [39]. Once they had mastered the exercise technique,
the triathletes were encouraged to move the load as quickly as possible, so as to generate
adaptations at the neural level. This high-velocity movement training has been shown to
improve high-velocity athletic performance, particularly among well-trained athletes [40].
During this phase, the athletes continued to perform the same “hip Iso-hold” work and
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introduced “Iso-push” exercises in 2–3 sets of 2–3 repetitions of 3 s on each side with 1 min
rests between sets. Figure 3 shows examples of the “Iso-hold” and the “Iso-push” exercises.
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During the specific preparatory period, training frequency was 2 sessions per week.
The exercises that were performed were identical to those that had been implemented
within the previous training phase. The load was 60–70% of the athlete’s 1RM, in
2–3 sets of 4–6 repetitions each. In this phase, “contrast training” was included; fol-
lowing the upper body strength series, medicine ball throwing exercises were performed
(4–6 repetitions), and after the lower body exercises, hurdle jumps or box jumps were
carried out (4–6 repetitions). Figures 4 and 5, respectively, show examples of the upper
body contrast exercises and lower body contrast exercises that were utilized. Over this
period, the “Iso hold” work was halted, and the “Iso-push” work was maintained, with
the load for the latter being increased to 3–4 sets of 3–4 repetitions of 3” on each side. The
contrast method has been shown to generate positive effects on both absolute strength gain
and running economy [35].

In the competitive period, strength training frequency was reduced to 1 session per
week. The same basic strength development sessions were performed along with contrasts.
The number of sets was reduced to 1–2, while the number of repetitions and loads was
maintained as before. “Iso-pushes” exercises were only performed as contrast training.

• Block II (ATR periodization)

This period lasted 16 ± 2 weeks and comprised a first accumulation period
(of 5 ± 1 weeks’ duration), a (3-week) transformation period, and a realization period
(lasting 8 weeks). During the accumulation period, the training protocol that corresponded
to the basic strength development phase of the general preparatory period was repeated.
In the transformation period, the protocol of the specific preparatory period was repeated.
In the performance period, the competitive period protocol of block I was repeated.

Throughout the season, complementary strength work was maintained on at least
3 days per week. Hip and ankle mobility exercises were carried out to warm up before
running training sessions. Scapular mobility exercises were also performed before any
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swimming training sessions. The same periodization was implemented for the female
triathletes as for the males, apart from the fact that that they performed one more upper
body exercise in all the basic strength development sessions.
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The objective, in so doing, was to increase work volume and to thus minimize the
strength differences that existed between the upper and the lower limbs (this being accentu-
ated in women [41]. The females were also given a larger volume of supplemental training
than were the males, in order to minimize the occurrence of overuse injuries [24].

2.4.2. Training Load Control

To calculate and control the training load, the Objective Load Equivalent (ECO)
methodology was employed. To summarize, based on laboratory performance tests with
cardiorespiratory and lactate analysis, 8 intensity zones were defined for swim, cycling,
and run. These zones were correlated with an individual RPE scale ranging from 1 to
10 [42]. Training load was determined by multiplying the duration (in minutes) of training
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time that was spent in each training zone (1–8) by a score value that ranged from 1 to 50
(and was based on that training zone), and then by applying specific weighting factors for
running, swimming, and cycling. Subjective Load Equivalents (ECS) were also assessed,
allowing athletes to subjectively quantify session difficulty on a scale of 0 to 5. The ECOs
were calculated using the All in Your Mind Training 143 system®. Subjective data such as
hours of sleep and ECS were recorded by the athletes in online training logs.

Special attention was paid to maintaining a balance in training loads, by alternating
development sessions and recovery sessions. Generally, in an average training week,
Tuesdays, Wednesdays, Thursdays, Saturdays, and Sundays were dedicated to developing
different abilities depending on the time of the season, while Mondays and Fridays were
active recovery days. The training load was reduced on recovery days, so as to avoid the
development of states of excessive fatigue that could themselves lead to injury [42].

As a rule, the weekly training load was increased by 10–15% compared to the previous
week in the development microcycles, and decreased by 20–25% in the recovery microcycles
of the program. An undulating periodization model was used during the competition
period. The training load was reduced compared to previous periods, maintaining intensity
but lowering volume [42].

The athletes and the coaches were in continuous communication with each other
throughout the season. If an athlete recorded excessive ECS values or transmitted subjective
feelings of excessive fatigue, the training load was reduced to avoid states of non-functional
overreaching that could lead to injuries.

2.4.3. Session Development Control

To monitor their adherence to session intensity and goals, the athletes were asked to
remember and respect the intensity zones and their associated speed/power, heart ranges,
and RPE. Low-intensity workouts (zones 1 and 2) were mostly guided by heart rate and
RPE, while speed and power were used to regulate sessions of moderate to high exercise
intensity (zones 3–8).

At least one coach (i.e., AT, HA, RC, or SS) was present to monitor the session in
all training sessions. Additionally, the participants recorded their training sessions using
training devices. The COROS Training Hub software (COROS Wearables Inc., Irvine, CA,
USA) facilitated the control and monitoring of the athletes’ training by their support team.

2.4.4. Cycling Skills Training

During the general preparatory period, the emphasis was on the refinement of fun-
damental skills that are essential for overall cycling proficiency and safety. A weekly,
technique-only training session was conducted. This technical session was designed to
enhance various cycling skills, including riding in a group, cornering, the ability to do
U-turns, mounting and dismounting the bike, and other bike handling skills.

In the specific preparatory period, the athletes’ bike skills were further improved
via the use of brick (bike and run) sessions, once a week. The brick sessions took place
on a closed circuit and involved 3 curves per kilometer. These sessions were carried out
in groups, and close to or at exercise intensities resembling that of competitions, so as
to replicate actual competition conditions as closely as possible. By simulating race-like
conditions and incorporating targeted skill development, athletes were primed to optimize
their performance and confidence in competitive events. It is also possible to conduct some
group cycling training at high speeds, practicing skills such as draft relays. These exercises
replicate the movements that occur within competitive cycling groups. Within the peloton,
positions are alternated to achieve higher speeds more efficiently.

2.4.5. Physiotherapy

The athletes worked with the physiotherapist throughout the season and this collabo-
ration played a key role in the HITP program of each triathlete. As a rule, one physiotherapy
session took place per week. Some athletes had two sessions per week during peak season
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and these sessions were carried out on their recovery days. Myofascial induction techniques
were performed to readjust the connective tissue mechanical properties and to facilitate
drainage and recovery. In the case of injury having occurred, the medical team carried out
the diagnosis. They designed the specific injury treatment and readaptation plan that was
to be implemented for the injury in question jointly with the physiotherapist.

2.5. Data Analysis

A descriptive analysis was conducted using the means and standard deviation of the
variables that were recorded within the study. Injury rate was calculated as the number
of injuries per 1000 h of triathlon training and competition. The analyses were performed
using a Microsoft Office Excel 2016 spreadsheet.

The nonparametric Mann–Whitney U test was performed to detect the statistical
differences between the variables for men and women. Spearmans’ bivariate correlation
coefficient was used to determine the existence of any inter-relationships between the
occurrence of injuries and the time of exposure and the years of experience performing
HITP. The statistical software Statistical Package for Social Sciences (SPSS) version 22.0
(SPSS Inc., Chicago, IL, USA) was used to analyze the data. For all analyses, significance
was accepted at p < 0.05.

3. Results

A total of 28 triathletes (10 females, 18 males) were prospectively followed across the
three consecutive years of the study (Figure 6). The number of participating male athletes
was 11, 12, and 14 for 2021, 2022, and 2023, respectively. A total of six, five, and seven
female athletes took part in 2021, 2022, and 2023, respectively. Seven male and three female
athletes were present throughout all 3 consecutive years of the program.
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Mean and standard deviation (SD) participant exposure per calendar year was 660
(122) hours. The men’s exposure was slightly higher (671 (33) hours) than that of the women
(649 (89) hours), but not significantly so. Table 2 presents the corresponding injury data
of the athletes. During the recording period, 24 SIs occurred overall, across all 28 study
participants. Ten injuries (41.6% of the total SIs) were OIs and fourteen (58.3% of the total
SIs) were TIs. The number of TIs that were incurred was significantly higher among the
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men than among the women (i.e., twelve TIs for the men vs. two for the women). Of the
28 athletes that participated in the study (i.e., regardless of the number of years that they
participated in the program), the overall percentages of athletes affected by injury were
53.6% for any kind of injury, 28.6% for OI, and 35.7% for TI. In the males, the percentage
of athletes affected by injury was 55.6% for any kind of injury, 27.7% for OI, and 44.4%
for TI. The corresponding values for the male participants recorded 30% for any kind of
injury, 30% for OI, and 20% for TI. A statistically significant difference between the sexes
was found in the percentage of athletes who suffered a TI. Among the ten athletes who
took part in all three years of the study, the highest percentage of athletes being affected
by injuries was noted in 2021 (i.e., 50%). In 2022, this value decreased to 30%. The lowest
percentage of athletes being affected by injuries was noted in 2023, at 20%.

Table 2. Injury data and comparison between male and female triathletes.

Overall (n = 28) Male (n = 18) Female (n = 10)

Training and Competition Exposure per season
Total (mean hours (SD)) 660 (122) 671 (33) 649 (89)

Injuries during the three seasons
Total (n) 24 18 6

Overuse (n) 10 6 4
Traumatic (n) 14 12 * 2 *

Absenteeism (mean days (SD)) 17.3 (54.2) 22.6 (55.6) * 5.83 (8.7) *

Overall % of athletes affected by injury
Among all participants (n = 28) 53.6 55.6 30

In first year of following the HITP (n = 28) 35.7 38.9 30
In second year of following the HITP (n = 17) 31.6 30.8 33.3
In third year of following the HITP (n = 10) 20 28.6 0

by OI, among all participants (n = 28) 28.6 27.7 30
by TI, among all participants (n = 28) 35.7 44.4 * 20 *

Overall Injury Severity, 2021–2023
Minimal (n) 10 6 4

Mild (n) 6 4 1
Moderate (n) 6 6 * 1 *

Severe (n) 2 2 0

Overuse Injury Severity 2021–2023
Minimal (n) 4 1 3

Mild (n) 2 1 0
Moderate (n) 3 3 1

Severe (n) 1 1 0

Traumatic Injury Severity, 2021–2023
Minimal (n) 6 5 1

Mild (n) 4 3 1
Moderate (n) 3 3 0

Severe (n) 1 1 0

Injury rate/1000 h of training and competition
Overall 0.65 0.68 0.61
Overuse 0.27 0.23 0.41

Traumatic 0.38 0.46 * 0.2 *

Anatomical location of injury
Upper body (n) 2 2 0
Lower body (n) 22 16 6

* = sex group statistically significant difference. (p < 0.05); OI = overuse injury, TI = traumatic injury.

When, even if the athletes in question did not take part in all three years of the
study, the number of years of experience of the HITP program was considered, the highest
percentage of athletes affected by injuries was recorded during the first year of performing
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the HITP (e.g., 35.7%, n = 28). In the second year, this value decreased to 31.6% (n = 17).
The lowest percentage of athletes affected by injuries was recorded in the third year of
performing the program, with 20% affected (n = 10).

In terms of injury severity, significant differences were found between the sexes for
the number of moderate-severity injuries that were sustained, with the men recording six
and the women one. For the injuries that did occur, average and standard deviation (SD)
absenteeism was 17.3 (54.2) days. Statistically significant differences were found between
the men’s absenteeism and women’s absenteeism as a result of injury. This was 22.6 (55.6)
days and 5.83 (8.7) days for men and women, respectively (p < 0.05). The registered IR
during the recording period, which did not differ with sex, was 0.65 injuries per 1000 h
overall. This equated to 0.68 injuries per 1000 h of training and competition exposure for
the men and 0.61 injuries per 1000 h of training and competition exposure for the women.
IR due to trauma was higher in men than it was in women (at 0.46 vs. 0.2 injuries per
1000 h of training and competition exposure, respectively). The IR for overuse injury was
higher in women (at 0.41 injuries per 1000 h of exposure) than it was in men (at 0.23 injuries
per 1000 h of training and competition exposure) but the difference was not statistically
significant.

A small but statistically significant negative correlation was noted between the number
of years that participants had been involved in the HITP program and the number of injuries
they experienced during the year (ϱ = −0.395; p < 0.05). No such statistically significant
correlations were found for TI (ϱ = −0.034; p > 0.05). No statistically significant correlations
were found between exposure time in training and competition and the number of OIs
(ϱ = −0.22; p > 0.05) or TI (ϱ = 0.14; p > 0.05) that were sustained by the athletes.

4. Discussion

The study objectives were to present an HITP proposal together with the results of its
implementation over a 3-year period, in high-level triathletes. The main findings were that
the implementation of an HITP resulted in low injury incidence (and particularly overuse
injury incidence). Among the ten athletes who participated in all three years of the study,
the percentage of athletes who were affected by injury decreased over the course of the three
consecutive years. We also noted a small, but statistically significant, negative correlation
between the individual athletes’ years of experience of participation in the HITP and the
number of overuse injuries that were suffered during the season by the study participants.
Nevertheless, the most frequent kinds of injury that occurred were traumatic injuries. Men
showed significant differences in the number of traumatic injuries that were incurred over
the course of the study compared to women. Women presented a larger number of overuse
injuries compared to males, but the difference was not statistically significant. Most of the
injuries that occurred were of mild or minimal severity.

Over 2021–2023, i.e., the three years that the present study lasted, 53.6% of the par-
ticipants (regardless of the years they participated in the program) suffered at least one
sporting injury. These values are lower compared to the limited information that is avail-
able on this topic from previous prospective studies of elite triathletes. Vleck et al. [15],
in a seven-month longitudinal prospective study of 71 members of the 1996 Great Britain
National and Scottish National Triathlon Squads, noted a total of 80.4% of athletes that
were affected by injury (regardless of severity). Crunkhorn et al. [43], in their four-year,
prospective study of 50 Australian national elite squad triathletes, reported 92% of the
athletes to have been injured over 2018–2021. It is important to note that this study, unlike
the present one, also noted non-time loss injuries. In the Crunkhorn et al. [43] study, 67.3%
of the injuries resulted in a period of time loss. We note, however, that differences in
methodologies complicate the comparison between studies [7].

As regards the ten triathletes who participated in all three years of the HITP program,
the highest percentage of those who were affected by injuries occurred in 2021 (e.g., 50%).
This percentage dropped to 30% in 2022, and then to its lowest value in 2023, with 20%
of athletes affected. Based on the years of experience in the program, it can be observed
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that during the first year performing the HITP, 35.7% of the overall cohort of 28 athletes
suffered at least one injury. This percentage decreased in the next year for the 17 athletes
who continued in the program for a second year (i.e., 31.6%). Among the 10 athletes that
performed the program for three consecutive years, in the third and last year, this value
was 20%. It can be observed that by implementing an HITP, the percentage of athletes
who suffered an injury seems to decrease each year. HITP experience may enhance the
injury prevention capacity of the program. This may be due to the adaptations that are
generated year after year. It may also be due to the increased ability of athletes to perform
the program successfully.

A higher number of lower body SIs were also recorded in the present study, which is
consistent with most literature results [10,44] and is probably due to the impact generated
by the run.

The injury incidence rate in this study was 0.65 injuries per 1000 h of training and
competition exposure. This value is also lower than that of previous studies on elite
triathletes, which reported values of between 17.5 and 58.1 per 1000 h of training exposure
in seven consecutive months [15]. However, this comparison may not be completely correct
because of the different data registration periods of the two studies. Unlike the present
study (which collected data throughout the year), Vleck et al.’s [15] investigation was
carried out between the months of February and August, when traditionally there is more
training load and competitions. This may have increased the injury risk. In running,
injury incidence has been reported to vary between 2.5 injuries per 1000 h of training and
competition exposure (in a study of long-distance track and field athletes) and a maximum
value of 33.0 injuries per 1000 h of training and competition exposure (in a study of amateur
runners [29]). In the present study, no correlation was found between the training exposure
time of the athletes and the amount of sporting injuries that were incurred by the triathletes.
This may show the possible effectiveness of the HITP in terms of injury prevention.

In terms of injury absenteeism, an average of 17.3 days spent without being able to
train in at least one discipline was reported in the present study. Vleck et al. [10], in a
retrospective study, reported an average absenteeism of 29.3 days off running training
for national squad athletes who were racing non-drafting competition. However, Vleck
et al. [15], in their prospective seven-month study on elite triathletes, found an average
length of time that injury lasted between 12.8 days and 5.6 days, depending on the area
affected by the injury. On the other hand, Crunkhorn et al. [43] noted an injury burden
calculated across the 4-year surveillance period of 68.39 days of time loss per 365 days.
Again, the differences in the study design complicate the comparison between studies.

Regarding the origin of the SI, we can observe that in the present study, the percentage
of athletes who were affected by injury (at 28.6% and 35.7% for OI and TI, respectively),
the IR (at 0.27 and 0.38 injuries per 1000 h of training and competition exposure for OI
and TI, respectively), and the amount of injuries (at 14 OI and 10 TI, respectively) were
higher when the injuries were traumatic than when they were classified as being due to
overuse. These injury data together with the negative relationship found between the years
of experience of performing the HITP and the number of OIs that were sustained may
indicate that the HITP program that was presented in this study can be an effective one,
especially as regards OI. Although we cannot be sure that the effectiveness of HITP is due
to strength training alone, it has been frequently shown that strength work can prevent OI
occurrence [45]. Complementary strength training that focuses on higher-SI-risk joints also
contributes to injury prevention [36]. The structure created for strength training can also
benefit triathletes’ performance. This would be due to concurrent training, which improves
the energy cost of locomotion [46]. Moreover, low to moderate strength training efforts
with repetitions together with muscle failure avoidance may improve performance while
also preventing the negative effects of muscle hypertrophy or fatigue [47]. In addition,
isometric strength work is a good complement to the aforesaid type of training, as it
increases strength without generating any major muscle fatigue [35]. The primary objective
with strength training was not to maximize strength values but to reach acceptable levels to
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aid in injury prevention. The combination of various strength training methods may also
have influenced the acquisition of optimal strength levels that minimize the occurrence of
injuries [33].

Another possible reason for the low injury incidence values that are reported here
may be the training load and the control of session development that took place over the
course of the study. Training planning errors are a common cause of SI [48], therefore,
maximizing the level of control that is exerted over the design and execution of the athletes’
training plan is key to avoiding the overload that can lead to SI. The goal in this part of the
HITP was not to exceed the maximum load tolerable while generating the greatest possible
number of adaptations. Managing training loads based on both external and internal load
data methods and mastering the intensity of training zones the athlete is familiar with
can help to regulate the balance between training dose and training response. In addition,
implementing identification systems of overtraining symptoms can help to prevent OI, e.g.,
by monitoring subjective fatigue values [49]. This latter strategy is all the more essential
in periods of more intense efforts, such as in specific periods or competition periods [6].
Another key factor is regular work with the physiotherapist. Myofascial induction and
sports massages have been proven to be effective methods to recover from fatigue and to
prevent SI [20]. Therefore, working with a multidisciplinary team able to offer this service
can greatly benefit the athletes’ health and performance.

Despite its apparently positive OI prevention results, the HITP was not found to be
effective at preventing TI. We did not find a statistically significant relationship between
the athlete’s experience of the HITP and the number of TIs that were incurred over the
course of the study. This could point to the uncontrollable condition of TI [9]; despite
working on cycling skills, athletes continue to suffer SI, mainly caused by bike segment
falls. This phenomenon can also be observed among professional cyclists. Haberle et al. [28]
recorded that during the 2010 to 2017 Tours de France, 53% of race dropouts were due
to acute trauma and 47% to non-traumatic causes, such as OI or illness. In triathlon,
the points where participants anticipate the most risk of traumatic injury are the cycling
mount/dismount area and the cycling segment [6,50]. The less experienced the triathlete,
the higher the risk of accidents in these sections [6,50]. Therefore, future studies should
focus on developing accident prevention programs, perhaps including techniques such as
imagery, which has been shown to be effective in other sports such as BMX [51].

As for gender differences, in this study, both sexes presented similar levels of injury
occurrence. Although the percentage of athletes who suffered an injury between 2021
and 2023 was higher for males than it was for females, i.e., 55.6% and 30% for males and
females, respectively, no significant differences were found. This finding is compatible
with previous studies, which have shown the absence of a relationship between triathlon SI
and gender [43,52]. However, TIs were more numerous and severe in men than in women
(p < 0.05). This may be due to the higher speeds that are attained by men in the cycling
segment, especially in competition, which can cause more severe TI if they suffer a fall [53].
However, although no statistically significant differences were found, OI IR was higher in
women than in men. Women generally tend to suffer OI more frequently, possibly due to
lower strength levels and hormonal causes [54]. Other studies have also pointed out that
women tend to suffer more bone stress injuries than men [43]. Nevertheless, in the present
study, women’s IR was much lower than that reported by Hamilton et al. [55]. A possible
explanation would be the preventive effect of the female-specific strength programming
that was implemented in this study by increasing the women’s strength training load
compared to that of men, especially as regards that which was induced whilst doing the
complementary and upper body exercises [41] (as illustrated in Figure 2).

This study has made a valuable contribution to the field, as for the first time, an injury
prevention plan with potentially positive results has been proposed for triathletes. However,
the work has several important limitations that should be considered when interpreting its
results. The fact that we did not have a control group (either of matched high-performance
athletes or of the same athletes, from before they underwent the HITP) limits the ability
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to directly attribute the observed injury outcomes to the HITP itself. Another important
limitation of our study is the inability to identify which specific components of our training
program might be most effective in reducing injury incidence. The training program was
designed as a holistic approach, and the athletes who participated in it sustained low injury
incidence. However, as this is a descriptive study, it does not allow for a definitive analysis
of the causal relationships between program components and any observed reduction
in injury occurrence or severity. Consequently, there is no concrete way to determine
whether omitting certain elements of the program would result in the same or even better
injury-related outcomes. The lack of uniformity in injury definitions and methodologies
across existing studies also complicates direct comparisons with the published literature.
This underscores the need for further research to isolate and examine the effects of specific
training interventions within the holistic framework. Moreover, implementing an HITP of
this nature presents significant logistical challenges. The complexity of the plan requires
considerable investment in time and financial resources, which may not be feasible for all
levels of triathletes.

Nonetheless, this study provides a concrete example of how an HITP minimizing
injury incidence may be designed and implemented. We must remember, nevertheless, that
injury etiology is multifactorial and such a program may not work in contexts other than
the one that was here described. The question remains as to whether different approaches
would improve the results.

Despite these limitations, our findings suggest that by applying appropriate adjust-
ments and adaptations, the plan can potentially improve triathlete health and performance,
offering a solid foundation for future research and practical applications in triathlon.

5. Conclusions

The present study presented a detailed triathlon HITP and the results of its implemen-
tation. Total SIs and severity reported were low, possibly due to the joint effect of strength
training, load and session development control, and physiotherapy. A significant (but low)
relationship was found between years of experience of the HITP and the number of OIs, but
not of TIs, that were incurred. Though OI incidence was lower, TI did not appear to have
been reduced despite the skills development work within the HITP that aimed to prevent
or lessen it. In triathlon, external factors such as the course or competitor interaction make
it more difficult to prevent TI. Men suffered more numerous and severe TIs than women,
whose major cause of injury was overuse. There is also a need for new studies with control
groups that can show what it is more effective in preventing SI in triathletes.

To our knowledge, this study is the first to present a detailed HITP proposal for a
group of elite triathletes. As such, this study is particularly useful for coaches and athletes.
This paper provides practical information on how to potentially minimize the occurrence
of SI. Such information is important given that SI can potentially affect the health and
performance of any age or level of triathlete.
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Abstract: We assessed the training, work and Life Stress demands of a mixed gender group of
48 top amateur short-distance triathletes using an online retrospective epidemiological survey and
the Life Events Survey for Collegiate Athletes. On superficial inspection, these mainly masters
athletes appeared to undergo all the types of training that are recommended for the aging athlete.
However, there were significant scheduling differences between their weekday vs. their weekend
training, suggesting that age-groupers’ outside sports commitments may affect their training efficacy.
The triathletes claimed to periodize, to obtain feedback on and to modify their training plans when
appropriate—and some evidence of this was obtained. Over the year preceding the ITU World
Age-Group Championships, they averaged 53%, 33% and 14% of their combined swim, cycle and
run training time, respectively, within intensity zones 1, 2 and 3. Although the triathletes specifically
stated that their training was focused on preparation for the ITU World Age-Group Championships,
the way that they modified their training in the month before the event suggested that this aim was
not necessarily achieved. Sports-related stress accounted for most—42.0 ± 26.7%—of their total Life
Stress over the preceding year (vs. 12.7 ± 18.6% for Relationship-, 31.3 ± 25.9% for Personal- and
14.0 ± 21.1% for Career-related Stress). It affected most athletes, and was overwhelmingly negative,
when it related to failure to attain athletic goal(s), to injury and/or to illness.

Keywords: Life Stress; polarization; monitoring; training efficacy; amateur triathlon

1. Introduction

The sport of triathlon involves sequential swimming, cycling and running under
conditions that differ from those of its component single-sport events [1]. The triathlon
swim, cycle and run are linked, within the same event, by (- in the case of a multi-lap swim-
a possible swim–run–swim transition that by us is termed T0), a swim–bike transition
(T1) and a bike–run (T2) transition. According to which of a range of possible distances
are involved, triathlon competitions can be categorized as being either “short-distance”
or “long-distance” events. Both types of event are competed in at either the “elite” level
or at the “age-group” level [2,3]. Entry into elite-level competition is dependent on the
individual athlete’s national, regional and/or world ranking. In age-group competition,
athletes compete against others who are within the same 5-year age band as themselves.
Only short-distance triathlons, however, figure within the qualifying process for, and the
actual, Olympic Games.
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Millet, Bentley and Vleck [4] analyzed the evolution of the triathlon research literature
from 1984 to 2006. They pointed out that the very fact of the triathlon becoming an Olympic
sport had prompted researchers to investigate features (such as T2) that are specific to, and
influence overall performance within, it. They also commented that coaches and athletes
appeared to be benefiting from these studies, “first, because most of the leading scientists in the
field have been athletes or coaches themselves. . . facilitating communication with their peers;
second, (because), a good proportion of these studies have been conducted with national team
athletes, and third, given the relative infancy of this sport and its multi-component nature,
one might expect the empirical, field-based coaching knowledge to be more adaptable than
in other endurance sports with a longer history and a more narrow range of skills”. The
same authors also highlighted the fact that triathlon can be, and indeed has been, used as
a model to investigate the effects of both cross-training practice and training mode-specific
adaptations. It is perhaps both surprising and unfortunate, therefore, that over the intervening
16 years since [4] was published, few additional data have emerged about how triathletes train.
Moreover, much of the related physiology literature focuses on elites. It is not necessarily easy
to directly apply what data have since been published to the improvement of the training
practice of age-group triathletes in particular. Such age-group athletes actually make up the
majority of the participants in the sport [5].

When it became an Olympic sport, the focus of elite short-distance triathlon training
changed from non-drafting- to draft-legal- competition. Draft-legal triathlons have very
different physiological demands from those of amateur triathlons. The latter have remained
non-drafting [2,3,6,7]. The following quote, from Sperlich, Treff and Boone [8], could just as
well apply to elite and amateur triathlons: they “display strikingly different characteristics
related to metabolic stress (i.e., magnitude of aerobic and anaerobic energy contribution),
biomechanical loading (. . .), psychological challenges (. . .), environmental factors, compe-
tition features (duration, pacing, drafting and format) and also the timing and duration
of the competitive season. Therefore, the performance defining factors are specific to the
discipline and to the season and as such will strongly affect the training characteristics”.

Triathlon training can be characterized in terms of training intensity distribution (TID).
This is the proportion of time that is spent within each of three training intensity zones [9],
namely, zone 1, at or below the first ventilatory threshold (<VT1); zone 2, between the
first and the second ventilatory thresholds (VT1-VT2); and zone 3, at or beyond the second
ventilatory threshold (>VT2) [10]. A few studies of the training of highly performing elite,
full-time, triathletes have been published (e.g., [11,12]). Such athletes appear, from these
few data, to generally follow a polarized training model. They spend a high percentage
of their training time within zone 1. They also spend greater percentages of their training
time within zone 3 than they do within zone 2. This polarization may be combined with a
pyramidal TID distribution, in which case a higher relative percentage of total training time
is spent in zone 2. The actual percentages of training time that are spent in each zone will,
of course, vary, depending on which part of the training year is involved. The problem is,
as mentioned before, that these findings about elites essentially relate to “a different sport”
within triathlon. They are also case studies. Case studies reflect personal coaching/athlete
signatures rather than general or evidence-based practice. Not necessarily that much
information can be gained from them as regards how to optimize amateur triathlon training
practice. This is not least because the “off training stressors” of “full-time” (elite) and
“part-time” (amateur) athletes will obviously differ. Such off training stressors can include
training other than swimming, cycling and running, which themselves can considerably
alter TID proportions [13]. There are also simply insufficient data in the current literature
to allow for an informed judgement to be made on the extent to which the published
training-related data for elite triathletes can be extrapolated to that of amateurs.

To date, the most detailed examination of triathlon training that relates its characteris-
tics to the extent of ensuing maladaptation, in a group of short-distance specialists, that exists
in the literature is still Vleck’s 1996 longitudinal prospective study of British National Squad
athletes. The study lasted seven months and was published in full in [14]. Importantly, the
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data collection for the study predated the funding injection into British triathlon that led to
more of its athletes being able to both focus on the global race circuit and to “go full-time”.
As such, the research covered the preparation of amateur athletes for non-drafting National-
and European Championship-level triathlon competition. This means that the training
(and the TID) data that were obtained by the study likely more closely approximate those
of the top age-groupers, as opposed to those of the professional triathletes, of today.

All of the subjects who took part in Vleck’s study were top-50 finishers at their
National Olympic distance (OD) Championships, either within the year of, or within
the year prior to, the study. The athletes’ (1.5/40/10 km) OD performance times are
commensurate with, and still even perhaps slightly faster than, those that are currently
achieved by (age-matched) top-level amateurs. The usual length of their competitive
seasons and their training focus appear to be similar. That is, the training of both groups
was built around National, Continental, (and then World) Championship level age-group
competition. These facts underscore the potential interest of the data that were collected
within Vleck’s prospective study to those who are looking to optimize age-group training.
However, Vleck’s study purposely excluded athletes who were over 35 years old. Such
“masters” triathletes are now of increasing research interest, for two reasons. Firstly, masters
athletes account for the majority of amateur triathletes. Secondly, on superficial inspection,
the multi-disciplinary endurance-based, high-intensity and resistance exercise training
that is involved in preparing for a triathlon appears to comply with most, if not all, of the
most recently published exercise guidelines for the aging athlete [15]. Applied research
into the efficacy of training practice in age-group masters-level triathletes thus provides an
opportunity to explore the appropriateness of the aforesaid guidelines. Unfortunately, no
training and maladaptation data of an equivalent depth and study duration to that which
Vleck [14] obtained for under-35-year-olds exist for older triathletes who are preparing for
non-drafting, OD triathlon competition. It is unclear, therefore, to what extent the training
practice of such masters triathletes may actually be optimal.

Fairly recently, Falk Neto et al. [16] prospectively assessed the training and maladapta-
tion of nine recreational triathletes. They did so over the 6 weeks that led up to, and for
2 weeks after, an OD triathlon that was a key event of the athletes’ competitive season.
Falk Neto et al. used the session rating of perceived exertion method to monitor their
athletes’ daily training load. They also administered the Daily Analysis of Life Demands,
the Training Distress Scale and the Alberta Swim Fatigue and Health questionnaires to
the athletes every week. They found no discernable pattern in the athletes’ swim, bike
and run training load within the five weeks leading up to the race. They also reported
high variability in training load over the entire study duration. The triathletes spent an
average of 47% of their training time in zone 1. More than half of their training, i.e., 25%
and 28% percent, respectively, was spent in zones 2 and 3. In only 2 out of the 8 weeks of
the study was a greater amount of training time spent in zone 1 than was spent in zones
2 and 3 combined. The authors concluded that, with their “large spikes in training load
and a high overall training intensity”, their age-group sample had not apparently followed
what is generally considered to be ideal endurance training practice [17]. Certainly, large
spikes in training load have been linked to increased risk for injury and illness in triathletes.
So, too, has combined, weighted, higher-intensity bike and run training [18,19]. However,
although two out of the nine won their age-group, most of Falk Neto et al.’s subjects were
neither particularly experienced, nor particularly successful, triathletes. The fact that their
performance levels were heterogenous limits our capacity to make specific inferences about
age-group triathlon training practice from their data. We do not know to what extent those
athletes who compete at the top level of the amateur triathlon may exhibit similar (potential)
“training mistakes”. Given that qualification for the World Age-Group Championships is
performance-based, being on the start list for it could be used as an appropriate subject
selection criterion for such individuals.

We do note that Falk Neto’s athletes did not manifest adverse effects from their
apparent “departure” from general training guidelines. But, as the study was only 8 weeks
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long, this finding was not unexpected. The small number of study participants might also
be why, out of all of those that were used, only the Alberta Swim Health Questionnaire
flagged up symptoms of fatigue. The overall academic literature cannot be easily grouped
into that which deals with elite vs. that which deals with age-group triathletes [14]. What
it does say about the injury- and illness-related consequences, and the impact to general
health, of triathlon training and racing was reviewed by [2,20,21], the consensus being
that, as long as certain limits are respected, triathlon participation is fairly safe for the
well-trained athlete [22]. However, said academic literature has barely examined the
psychological effects of triathlon participation [23]. Emerging evidence also suggests that
in amateurs, this effect is largely positive. Parsons-Smith et al. [24] observed, on the basis
of the k-cluster of pre-performance scores, only 1.5% (out of a sample of 592) age-group
triathletes to exhibit the “inverse Everest” profile—which is associated with elevated risk of
psychopathology—on the Brunel Mood Scale. This 1.5% prevalence of the inverse Everest
Profile in age-group triathletes is strikingly lower than the 5% prevalence of the general
population. Even so, practically zero information exists in the academic literature on how
the amateur triathlete’s mental and physical health are influenced by lifestyle and morbidity
factors, or vice versa.

We again draw the reader’s attention to the fact that “age-groupers” are, by definition,
not full-time triathletes. How the best age-groupers manage to fit training around their
professional and other non-sports-related commitments is unclear. This issue is important
because it will clearly have an impact on training quality. The relative levels of sports,
relationship, career and personal stress that top age-groupers experience [25] are also
insufficiently investigated. We know that people who participate in swimming, cycling
and running can exhibit lower levels of psychological distress scores than those who walk
or do no physical activity [26]. We also know that difficulty in balancing their training
and other life commitments may lead recreational triathletes to experience high levels of
negative stress [27]. However, we do not know what the major contributors to this negative
stress are in this athlete group, which of these risk factors are potentially the most easily
modifiable, nor how such risk factors potentially interact with each other. For example,
mainly club-based training may mean that older triathletes experience less social loneliness.
But, if the training that is provided by it is not triathlon-specific and does not take training
in all the individual triathlon disciplines into account, club-based activity may not have a
wholly positive impact on injury risk. We also know little of the degree to which triathlon
training efficacy is monitored by or in age-groupers [2,14]. Nor has the extent to which
top amateurs exhibit training flexibility, and respond to changes in their circumstances by
taking positive action to minimize the risk of subsequent training maladaptation, been
examined. Logically, such issues are of research interest.

Therefore, we analyzed the work, training and racing habits, and associated Life Stress, of
top age-group triathletes who were both on the start line of, and indicated that the main goal
that they had focused their training towards was, International Triathlon Union (ITU) World
Age-Group Championship-level, OD competition. Both because this was an exploratory study
and to increase subject numbers, we used a retrospective study design. Such a design is less
sensitive than the longitudinal prospective one that was implemented by [14,16]. However,
the training volume and intensity distribution were, in this case, examined across successive
training blocks, rather than across successive weeks, of the entire year leading up to the 2013
ITU World Age-Group Championships. Where possible, we looked for divergence from
accepted “training norms”. We also examined the data for the possible existence of/lack of
relationships between potential “training”-related factors and failures. Our aim, in so doing,
was to be able to suggest potential directions for future applied research into how to optimize
training and maximize performance in age-group triathletes.
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2. Materials and Methods
2.1. Subjects

Overall, 4348 athletes were registered to race in the 2013 ITU Triathlon World Elite
and Age-Group Championships over the Team Relay, Sprint and Olympic Distance events.
The event also included an Open race (i.e., one that did not require prior race performance-
based qualification). Of the athletes who were on the Race Director’s contact list, 602 gave
their written informed consent and participated in a mostly retrospective epidemiological
survey. They did so after having received an emailed request to that effect. Each subject
who requested it was emailed a signed copy of a confirmation of data confidentiality form.
He or she was then sent an individualized link to an online training, injury, illness and
stress-related questionnaire. The survey opened for completion three days after the 2013
ITU World OD Age-Group Championships. It closed one month after the event.

This paper reports data for those age-group triathletes who were on the start list for the
ITU World Championships who (i) specifically stated that their training over the previous
year was focused on preparation for OD competition and (ii) answered the section of the
online survey that dealt with their training intensity distribution over the previous year
in full. They accounted for 48 out of the 602 athletes who had provided written informed
consent to participate.

2.2. Survey Content

Both the survey and the study were approved to proceed, before the race took place,
by the Institutional Ethics Committee of Faculdade de Motricidade Humana, University
of Lisbon. The survey covered the athlete’s medical history, sporting background, per-
formance level, level of coaching support and training feedback, work commitments, the
general structure of his/her training week, and his/her injury and illness history. Said
questions were updated from, and built on the results of, previous research surveys that
were conducted by the lead author. These investigations into triathlon training and mal-
adaptation had been conducted successively over a period of approximately 30 years.
They are listed within the bibliographies of [2,20,21]. The Life Events Stress for Collegiate
Athletes (LESCA) [28] was included in the survey, with Professor Petrie’s permission. Brief
details of both are provided below.

2.2.1. Medical History

The athletes indicated whether they had personal/familial cardiovascular issues, a his-
tory of fainting/dizziness/loss of consciousness while/not while exercising, asthma/exercise-
induced asthma, allergies and/or were suffering from serious illness/condition(s) that
could affect the ability to exercise. They could also indicate which medication(s) they were
on (if any) and why, if they chose to do so.

2.2.2. Sporting Background/Performance

The age-groupers indicated their years of training and racing experience in both
triathlon and its component sports. Usual times over the previous year and over the most
common triathlon race distances were also provided. The athletes differentiated between
whether such times had been recorded for individual swim, cycle or run time trials, or
within triathlon competition. The athletes confirmed which event(s) and category they
raced in at the ITU World Championships. They provided self-assessments both of their
individual prowess in each of triathlon’s component disciplines (including both the swim–
bike and the bike–run transitions) and of their current training status. These data were
used, in conjunction with data from other sections of the survey, to assess the extent to
which self-identified/potential weakness(es) (Sections 2.2.3–2.2.5) were being identified or
not. They were also used to identify whether active action was subsequently being taken
by the athletes to address their weaknesses.
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2.2.3. Support and Commitments

The extent to which athletes trained with single-sport athletes and clubs, the type of
coaching that they received and the extent to which their technique in each of the sections of
a triathlon was usually analyzed were reported. We also asked about whether the athletes
were in part/full time work/study or self-employed, about their average weekly number of
working hours and whether (such) work was full-time or shift-based. Details (with session
times) of how each athlete fitted swim, bike, run and weight training sessions around his/her
work and other commitments were obtained. So, too, was information on the extent to which
the athletes considered their training to be polarized, implemented goal setting, and modified
their training as a result of failure(s) to attain their goals, injury and/or illness.

2.2.4. Training Duration, Frequency and Intensity Distribution

Moreover, for each of the so-called training phases (i.e., the Endurance Base-EB, Pre-
Competition-PC, Competition-C, Taper-T and Off-Season-Off) of their training year, the
athletes self-reported their usual weekly training durations and frequencies for swim-
ming, swim–cycle training, cycling, cycle–run training, running, weight training and other
sport/exercise modes. Weekly training durations and frequencies were also obtained
for the types of sessions that Vleck’s studies [14,18,20,29,30] have previously specifically
examined with regards to their potential associated overuse injury risk (i.e., for swim–bike
transition, “long bike”, “hill reps bike”, “speed work bike”, bike–run transition, “other
bike”, “long run”, “hill reps run”, “speed work run” and “other run” sessions). For swim-
ming, cycling and running training only, average weekly training times within each of five
exercise intensity levels, of which level five was the highest [14,18], were also recorded for
each training block. Details of how each such exercise intensity level related to various
physiological markers, to the Borg CR-10 scale of perceived exertion and to the “talk scale”
were provided to the athletes. The triathletes were also given examples of both the types of
work to rest ratios that exercising within each intensity level would involve for swimming,
cycling and running, and example training sessions for them (Table 1).

Table 1. The explanations of training intensity levels that were provided within the Vleck (2013)
training and injury survey *.

Training Intensity Level

1 Intensity: low, well under lactate threshold (LT), 60–70% HRmax. RPE easy, 1–3. Rest: little or none. Energy source: fats. Examples:
Easy workouts/recovery sets, warm up/cool down.

2
Intensity: 1–2 mM below LT, 70–75% HRmax. Easy to moderate. RPE 2–4. Rests 05–15 s. Energy source: fats with marginal CHO.
Examples: Swim long intervals with very short rests (3 × 800 m w/15 s, 5 × 400 m w/10 s, 12 × 200 m w/5 s), continuous swims.

Bike: 1.5–3 h of continuous riding. Long, easy 1–2 h runs.

3

Level of exertion: moderate. RPE 4–6. Rest 10–30 s. Energy source: CHO with some fat. Examples: Swim long intervals with short
rest (5 × 500 m w/20 s, 3 × 800 m w/20 s, 8 × 250 m w/15 s, 20 × 100 m w/10 s), continuous (1500–3000 m) swims. Bike: 30–90 min
continuous riding. Straight brick sessions (bike: run). Short rest intervals, e.g., 2 × 20 min w/2 min, 3 × 12 min w/1 min, 4 × 8 min

w/30 s. Run: 20–30 min continuous. Straight brick running.

4

Level of effort: moderate to hard maximal steady-state training. RPE 6–8. Rest 15–45 s. Energy source: CHO with marginal fat.
Examples: Swim moderate intervals with moderate rest (12 × 100 m). Volume range usually 1000–2000 m. Bike brick intervals;

moderate length intervals with moderate rest (6 × 5 min w/2 min, 3 × 8 min w/4 min, 8 × 3 min w/1 min); time trials (10–20 miles)
and races. Run brick intervals; moderate length intervals with moderate rests (e.g., 5 × 3 min w/1.5 min, 4 × 4 min w/2 min, 3 × 8

min w/4 min, etc.), or races.

5

Level of effort: hard-maximal and near maximal quality training, speech impossible. RPE 9–10. Energy source: CHO. Work to rest
ratio 1:2 to 1:4. Examples: Swim short reps with long rests (e.g., 10 × 50 m odd easy, even-FAST; 6 × 75 m building by 25′s w/1 min,
12 × 25 m sprints leaving on 30 s), at or near maximum pace. Volume range usually 400–1000 m. Bike hill repeats using hills that

take 2–3 min to climb at a fast sustained pace; or short intervals with long rests (8 × 1 min w/2 min, 12× 1.5 min w/1 min etc.). Run
hill repeats (200–400 m length) or repeats with long rest (e.g., 8 × 400 w/2 min, 5 × 800 w/4 min or 12 × 200 w/1 min).

Key: CHO, carbohydrate; %HRmax, percentage of (sport-specific) maximum heart rate; LT, lactate threshold;
m, metres; max, maximum; min, minutes; Mm, millimolar; reps, repetitions; RPE, rating of perceived exertion
(10-point Borg scale); s, seconds; w/, with rest/recovery of. * More details of what the various intensity levels
equated to were given in Vleck (2010)—where they were termed “L1, L2, L3 easy (extensive anaerobic threshold),
L3 hard or intensive anaerobic threshold (i.e., 40 km bike and 5–10 km run race intensity), and Level 4 (intensity
very high, 2–6 mM above LT)”.
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Said information was based, with permission, on previously published United States
Olympic Committee athlete training guidelines for swimming, cycling and running. These
guidelines are detailed in [14]. They had been cross-checked and their suitability for triathletes
agreed to by three British National Triathlon Squad coaches before they were first used within
Vleck’s longitudinal study [14]. Training intensity levels 1 and 2 together, level 3, and levels
4 and 5 together were, for the purposes of this paper, classed as being synonymous with
training intensity zone 1 (z1), with zone 2 (z2) and with zone 3 (z3), respectively. As such,
they were thus considered to broadly correspond to the following exercise intensities: (i) <VT1;
(ii) VT1–VT2; and (iii) >VT2, respectively. All the training duration-related data that were
collected from the athletes were estimated to the nearest half hour. This was the case, whatever
the specific session type that the information related to.

The athletes who took part in the survey originated from various countries around
the globe. The ITU World Age-Group OD Championships took place in late September in
London, England. This meant that the event did not necessarily fall within the competitive
phase of the racing season of an individual athlete’s country of residence. Therefore, each
competitor also reported whether the month leading up to the World Championships fell
within the Endurance-Base, Pre-Competition, Competition, Taper or Off-Season phase of
his/her training year. They also reported whether and how their amount of recovery and
number of races within said month differed from what was customary for them for that
type of training phase. They gave the same information regarding their weekly training
frequencies, total weekly training times and individual training session durations for each
swim, cycle and run intensity level.

2.2.5. Life Stress

The athletes also completed “The Life Events Survey for Collegiate Athletes”, or
LESCA [28]. This survey was used with the author’s permission. The LESCA has previously
been shown to possess good content validity. It also provides a stable measure of Life
Stress. Scores on the LESCA have also been shown to be a better predictor of athletic injury
than those that are obtained from the Social and Athletic Readjustment Rating Scale [28].
The LESCA involves an 8-point Likert scale. This allows individuals to not only rate the
degree of stress (from 1 to 4, that is, from minor to major), but also the type of stress impact
(i.e., beneficial/positive or detrimental/negative) that has been experienced by them over
the previous year.

Three different Life Stress scores were obtained from the athletes’ ratings on the LESCA.
Negative Life Stress and Positive Life Stress scores were derived by summing the impact
scores of those events that were rated as undesirable (negative) and desirable (positive),
respectively. A Total Life Stress score was obtained by adding the absolute values of the
negative and positive scores. Total, positive and negative stress values were also calculated
for the following sub-components of Life Stress variables: (i) Sport; (ii) Relationship;
(iii) Career; and (iv) Personal Stress. These were derived from the scores from questions
whose original number in Petrie’s LESCA paper were as follows (i) for Sport Stress: 15–16,
24, 33–35, 42, 44–57, 63–64 and 67; (ii) for Relationship Stress: 1, 8–10, 12–14, 17–18, 29–31,
39–40 and 60; (iii) for Career Stress: 11, 19, 21, 23, 25, 32, 58 and 61–62; and (iv) for Personal
Stress: 2–7, 20, 27–28, 36, 38, 40–41, 43 and 66–68.

2.2.6. Injury and Illness

Finally, injury and illness data both for the year and for the month prior to completion
of the survey were obtained. This was in addition to the reporting of injury and/or illness
that occurred at the World Championships. The definitions and methods of data collection
for the online survey-based injury-related data were those that have been consistently
implemented by Vleck [14,18,20,29,30], as reviewed by Vleck and Hoeden [20]. They
included details of the anatomical location, the severity and the recurrence of both overuse
and traumatic injury. The survey explicitly stated that “here an injury is defined as any
musculoskeletal problem that caused you to stop training for at least one day, reduce
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mileage, take medicine or seek medical aid. Traumatic injuries are those caused by hazard
encounters such as hitting a car or falling off your bike and overuse injuries are those that
you would consider to have been caused by repetitive strain. The following definitions of
severity also apply, both for injury and for illness: Minor: ‘1–4 days lost’, Moderate: ‘5–14
days lost’, Severe: ‘15 or more days lost’, Out of season: resulted in your entire season
being affected, regardless of where the injury or illness occurred in the season. Recurring
injury: an injury that occurs more than once, with an interval of at least 7 days between
successive recurrences.” Where, when and why the injury or illness was considered by the
athlete to occur were also noted. Details of the degree, timing and type of clinical/non-
clinical support for injury and/or illness that was sought/obtained by each individual, both
during and after the ITU World Championships, were collected. Medical tent/team-based
clinical injury and illness data were also collected over the duration of the ITU World
Championships. None of the athletes who featured in this particular analysis presented for
such clinical assistance. Therefore, no such clinically diagnosed on-site injury/illness data
were available for this specific paper.

During the data collection period and for each of the above-named individual survey
sections, the athletes were encouraged to add personal comments/explanations of their
replies. They did so extensively. The athletes were also encouraged to request clarification
from the lead author where necessary.

2.3. Statistical Analysis

The level of coaching specificity that the athletes received was compared between
the three triathlon disciplines using the Chi-squared test. All the training data that were
obtained were scatter-plotted. In almost no cases were the athletes’ training data nor-
mally distributed. Levene’s test for homogeneity of variance was conducted before any
demographic data were compared.

With regards to the analysis of the athletes’ “work sports balance”, (i) the Wilcoxon
signed-rank test was used to study the differences between weekday vs. weekend training,
and (ii) the Friedman two-way analysis of variance by ranks was used to examine the
differences between swim vs. bike vs. run vs. weights vs. other, the differences in the
weekly training frequency and training time by exercise mode (i.e., swim vs. swim–bike vs.
bike vs. bike–run vs. run vs. weights vs. other) and by training block (i.e., EB vs. PC vs.
C vs. T vs. Off) and the differences in the (frequency and training time per mode related)
details of the athletes’ swim, bike and run training sessions. Where significant differences
were revealed by the Friedman test, a post hoc test with Bonferroni correction was then
used to identify which specific training data pairs differed from each other.

In order to identify whether the training durations within each of the five exercise
intensity zones varied significantly from each other during each phase of the periodization,
Friedman’s two-way analysis of variance by ranks and post hoc tests with Bonferroni
corrections were again used. The same tests were used to check whether there were
significant differences in time, or in percentage of time, in each training intensity, between
the five phases of the training year (i.e., EB, PC, C, T and Off).

Student’s t-test for independent variables was also used to check for significant differences
between the time spent at each level of training intensity, for each type of training block, of the
10 fastest and the 10 slowest performers in the World Age-Group Championships in the group.

The ‘Statistics Package for the Social Sciences’ (SPSS, High Wycombe, UK), version
28.0, was used throughout the analyses. We set the 95% confidence limit as the level
of statistical significance. Given the large number of analyses that were involved in the
preparation of this paper, and in the interests of decluttering, some statistical data have
been omitted from its training data-related Tables and Figures. In such cases, the data that
are provided in this paper are given in exactly the same format (i.e., as means ± standard
deviation SD) as they have been provided in the majority of the triathlon literature. This
allows for direct comparisons to be made between the data in this paper and those from
the previously published studies that employed an identical data collection methodology
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(as reported within [14,29,30]). The relevant median, interquartile ratio, mean rank data,
etc. are available from the first author.

3. Results
3.1. Subject Characteristics

Forty-eight age-groupers, competing at ITU World OD Age-Group Championship
level, fulfilled the subject criterion for this study. These 21 males and 27 females were
spread across the age-groups from 20–24 up to 65–69 years old (Table 2). Overall, 68.7% of
the study participants were 35 years of age or older.

Table 2. Age-groups and gender distribution of the study subjects.

Age-Group 20–24 25–29 30–34 35–39 40–44 45–49 50–54 55–59 60–64 65–69

N (of whom M) 2 (1) 5 (2) 8 (3) 5 (3) 3 (2) 4 (1) 7 (3) 6 (3) 4 (2) 4 (1)

Key: N, number; M, males.

The athletes possessed an average training and (in brackets) racing background of
(mean ± SD) 10.2 ± 6.2 (9.0 ± 6.2) years in triathlon, 13.3 ± 7.2 (9.6 ± 7.9) years in
swimming, 10.6 ± 5.8 (6.5 ± 5.9) years in cycling, 18.9 ± 8.0 (16.2 ± 7.5) years in ath-
letics and 16.0 ± 7.4 (13.7 ± 7.2) years in other sports. They placed from 2nd to 122th
(averaging 36.5 ± 26.9 th) within their respective age-groups at the 2013 ITU World Age-
Group Championships. Their average times for Olympic distance triathlon competition
were 2:13:25 ± 0:16:07 (1:58:55–3:00:00) hh:mm:ss for the males and 2:32:57 ± 18:26:46
(2:11:56–3:18:00) hh:mm:ss for the females. Detailed (single-sport time trial, as well as
triathlon-specific) performance-related data for each age-group that was represented in
this study are also available from the first author on request. So are self-assessed rankings
of each of the individual athlete’s relative swim, swim–bike transition, bike, bike–run
transition and running ability within triathlon competition.

3.2. Training Support

Almost half of the athletes in the group (47.9%) were regularly training with single-sport
specialists. Those who sometimes did so and those who never did so accounted for 31.3% and
20.8%, respectively, of these top age-groupers. The type of coaching that the athletes received
differed between the three triathlon disciplines. More often than not, the athletes received
club-based coaching (Table 3). More athletes were swimming club or triathlon club members
(50.0% and 58.3%) than were members of cycling or athletics clubs (27.1% and 25.0%), other
clubs (6.3%) or not in any sports club (10.4%). In only approximately a third of cases, whatever
the exercise mode, did the athlete consider his/her club-based coaching to be triathlon-specific.
Of the athletes who were coached, other than self-coached, and whose coaching was geared
towards triathlon: 27.1% had the same coach overseeing their training for all three triathlon
disciplines “all the time”; 20.1% had it for “most of the time”; 12.5% had it “sometimes”; and
25.0% “never” received that level of support.

Table 3. Coaching and its specificity—% of athletes *.

Type of Coaching Swim Bike Run

None 4.2 14.6 10.4

Self-coached 16.7 31.3 25.0

Club-based coaching 39.6 18.8 29.2

Internet-based coaching 6.3 4.2 4.2

Other type of coaching 33.3 - -

Triathlon specific 37.5 37.5 35.4

Single-sport specific 18.8 6.3 8.3
* The level of coaching specificity that the athletes received was shown to be significantly associated, at the p < 0.01 level,
with which of the three triathlon disciplines it was being provided within, by the Chi-squared test. Key: -, no reply.
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Almost all (95.8%) of the group indicated that they had “set goals” for the 2013
season. In all such cases, these goals were specifically stated to have been to beat a
specific competition time, to qualify for the World Championships, to compete in the
World Championships or a combination of the aforesaid goals. Seventy-eight percent of
individuals also indicated that they had a periodized training plan for the season. This plan
had been worked out either by themselves or together with their coach, and was based
around their aforementioned goals.

3.3. Life–Sports Balance and Load
3.3.1. Balance between Training and outside Sports Commitments

For the majority (62.5%) of the athletes, their training plan was built around working
at a full-time job. Just over a third (31.3%) of the group were part-time workers, and 8.3%
were self-employed. Half of the triathletes worked fixed hours, while 12.0% did shift
work. On top of working/studying 7.6 ± 2.5 h per day, these top age-groupers trained
1.7± 0.5 (min–max, 0.57–3.0) times every day. They did so irrespective of whether the day in
question was a weekday or fell over a weekend. We did not assess time spent looking after
family members (and children, in particular) within the survey. Nonetheless, some athletes
commented that had it not been possible to share such responsibilities with a partner, they
would potentially have had a detrimental impact on their training. The athletes’ training
schedules were fairly variable, but were clearly influenced by their weekday commitments.
Both the proportion of their total number of weekly training sessions that were planned
within it and the type and the timing of said sessions differed between weekday- and
weekend-based training (Table 4).

Table 4. The scheduling of “working week” vs. weekend-based training in top short-distance amateur
triathletes (mean ± SD).

During the Week

Swim (S) Bike (B) Run (R) Weights (W) Other (O)

Sessions (over 5 days) a 2.7 ± 1.0 *** 2.1 ± 1.3 *** 2.2 ± 1.1 *** 1.0 ± 1.3 *** 0.3 ± 0.6 *

As % of within
week total

Before 9 a.m. 29.8 ± 38.9 28.7 ± 41.3 22.0 ± 38.4 16.7 ± 35.4 16.7 ± 35.4

9 a.m.–12 p.m. 14.3 ± 32.0 *** 16.9 ± 32.4 *** 12.0 ± 29.9 25.9 ± 43.4 25.9 ± 43.4

12 p.m.–3 p.m. 6.2 ± 15.7 15.2 ± 28.1 12.0 ± 29.9 3.7 ± 11.1 3.7 ± 11.1

3 p.m.–6 p.m. 21.4 ± 31.9 *** 16.9 ± 34.0 * 30.7 ± 46.1 15.0 ± 33.7 15.0 ± 33.7

6 p.m.–10 p.m. 28.4 ± 34.4 27.7 ± 42.5 *** 24.0 ± 41.1 37.0 ± 48.4 37.0 ± 48.4

At Weekends

Swim (S) Bike (B) Run (R) Weights (W) Other (O)

Sessions (over 2 days) b 0.4 ± 0.6 1.3 ± 0.7 1.3 ± 0.8 0.1 ± 0.3 0.0 ± 0.3

as % of weekly total 11.3 ± 19.8 44.6 ± 26.0 36.9 ± 19.3 9.3 ± 22.9 10.0 ± 31.6

As % of
weekend total

Before 9 a.m. 48.9 ± 50.2 34.4 ± 46.2 28.4 ± 43.9 0 0

9 a.m.–12 p.m. 17.8 ± 37.5 51.5 ± 48.3 50.9 ± 48.2 0 0

12 p.m.–3 p.m. 26.7 ± 45.8 8.5 ± 24.0 14.9 ± 31.7 60.0 ± 54.8 0

3 p.m.–6 p.m. 6.7 ± 25.8 3.3 ± 16.5 3.5 ± 12.9 40.0 ± 54.8 100

6 p.m.–10 p.m. 0 0 2.3 ± 15.2 0 0

Note (statistics): Wilcoxon test (week vs. weekends): ***, p < 0.001; *, p < 0.05. Friedman’s test (swim vs. bike
vs. run vs. weights vs. other): a, X2(4) = 103.084, p < 0.001, N = 47; b, X2(4) = 131.649, p < 0.001, N = 47. Post hoc
tests, after Bonferroni correction, significant at p < 0.001, during the week, for S-W, S-O, B-W, B-O, R-W, R-O, and
during the weekend, for S-B, S-R, B-W, B-O, R-W, R-O.
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Over 88% of the athletes’ 3.1 ± 1.1 scheduled weekly swim training sessions took
place within the working week. A total of 52% of them were fitted in before 0900 h, and
28.3% of them took place between 1800 and 2200 h. That is, the majority of the swims were
performed before or after what are usually considered to be normal working hours. During
weekends, no one reported swimming within the 1800–2200 h slot. The situation as regards
the usual timing of the athletes’ 3.4 ± 1.2 weekly bike training sessions was less clear-cut.
Over half of them were performed during the week. Most (45.8%) of the athletes did none
of their within-week bike training sessions before 9 am. Less than a third (27.1%) did
between a third and half of such sessions before 9 am. Only 12.5% did all of their weekday
bike training before 9 am. Those who did none, 1/3–1/2 and all of their “work week” bike
sessions between 0900 h and midday accounted for 41.7%, 16.8% and 10.4% of the group,
respectively. As for the “lunchtime” slot of between 1200 and 1500 h, 75% of the group
did none and 8.4% did 1/3–1/2 of their weekday bike sessions in it. Between 1500 and
1800 h, 18.9% of the athletes did 1/3–1/2 of their bike sessions, but 66.7% of them did none
of them. In total, 54 %, 41.9% and 10.4% of athletes, respectively, did none, 1/3–1/2 and
25% of their weekday sessions after normal working hours, i.e., between 1800 and 2200 h.
Within weekends, the way the athletes’ cycle training was scheduled changed. A far larger
proportion of this training was performed before midday than occurred during the week.
As for running training, the athletes’ normal training plan involved 3.6 ± 1.6 such sessions
per week. Of these runs, 2.2 ± 1.1 were carried out over the Monday–Friday period. A
further 1.3 ± 0.8 runs were performed over the weekend. Of the five weekday run “time-
slots” that we assessed, the one that accounted for the largest proportion of scheduled
runs was the one before 0900 h. In fact, 18.8% and 14.7% of athletes did all or between
40% and 66%, respectively, of their weekday runs before 9 am. Overall, 25% of the group
did between 25% and all of such runs between 1200 and 1500 h, 20.9% did between a
third and all of them between 1500 and 1800 h, and 38.9% did between a quarter and all
of them between 1800 and 2200 h. Then, again, the way that scheduling of this training
occurred changed during the weekends. Finally, the athletes’ weight training sessions, of
which 1.1 ± 1.4 were normally scheduled per week, were also mostly performed during
the working week. This swimming, biking, running and weight training was not all the
training that the athletes were doing, however. The triathletes reported themselves to also
be normally doing 0.3 ± 0.7 weekly training sessions in other sports.

3.3.2. Training and Racing Load

The athletes competed in an average of 3.2 ± 4.4 (range 25) 5 km runs, 1.0 ± 1.2 (range
5) 10 km runs, 0.7 ± 1.0 (range 4) half marathons and 0.2 ± 0.5 (range 2) marathons over
the year leading up to the World Championships. They also took part in 1.4 ± 2.0 (range
9) 10-mile cycle time-trials and 0.9 ± 1.9 (range 10) 40 km cycle time trials. On average,
they competed in 2.3 ± 2.2 (range 9) Sprint distance triathlons, 3.5 ± 1.7 (range 8) Olympic
distance triathlons, 0.1 ± 02 (range 1) middle-distance triathlons, 0.1 ± 0.4 (range 1) Half
Ironman distance triathlons and no Ironman distance triathlons. The time that the athletes
estimated that they had spent racing over the same year was calculated as 17.5 ± 7.0 h on
average (min–max, 5.5–35.5). The latter value was arrived at when what were presumably
rogue values that were given by 4 athletes (of 532, 600–650, 550–600 and 20 h racing per
week over 12 months) were ignored.
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Table 5. Weekly training frequencies and total training time in h (mean, SD), by training phase.

EB PC C T Off

Swim (S)
Frequency 3.6 ± 1.2 3.9 ± 1.1 3.9 ± 0.9 3.2 ± 0.9 2.9 ± 1.1

Total time (h) 6.6 ± 3.7 7.0 ± 3.6 6.7 ± 3.2 4.9 ± 2.5 4.8 ± 3.1

Swim–Bike (SB)
Frequency 1.2 ± 0.5 1.6 ± 0.9 1.6 ± 0.6 1.4 ± 0.6 1.0 ± 0.2

Total time (h) 1.2 ± 1.3 1.7 ± 1.9 1.9 ± 1.7 1.2 ± 1.1 1.3 ± 1.5

Bike (B)
Frequency 3.6 ± 0.9 4.0 ± 1.1 4.1 ± 1.1 3.4 ± 1.0 2.9 ± 1.3

Total time (h) 9.9 ± 4.6 10.5 ± 5.0 10.1 ± 4.8 6.8 ± 3.7 6.8 ± 4.4

Bike–Run (BR)
Frequency 1.7 ± 0.8 2.2 ± 0.9 2.3 ± 0.8 1.8 ± 0.8 1.2 ± 0.5

Total time (h) 2.4 ± 2.3 3.4 ± 3.1 3.6 ± 2.9 2.3 ± 2.2 0.9 ± 0.8

Run (R)
Frequency 4.2 ± 1.1 4.1 ± 1.1 4.1 ± 1.0 3.5 ± 1.1 3.6 ± 1.1

Total time (h) 7.1 ± 3.2 7.0 ± 3.0 6.5 ± 2.9 4.8 ± 2.5 5.8 ± 2.8

Weights (W)
Frequency 2.4 ± 1.1 2.1 ± 1.1 4.7 ± 0.9 1.3 ± 0.6 2.1 ± 1.3

Total time (h) 3.0 ± 2.4 2.6 ± 2.2 1.9 ± 1.5 1.5 ± 1.1 2.6 ± 2.3

Other (O)
Frequency 1.9 ± 1.3 1.6 ± 1.3 1.5 ± 1.3 1.4 ± 1.2 2.4 ± 1.6

Total time (h) 2.4 ± 2.9 1.7 ± 1.8 1.5 ± 1.7 1.4 ± 1.7 2.8 ± 2.8

Key: EB, Endurance Base; PC, Pre-Competition; C, Competition; T, taper; Off, Off-Season; freq, frequency.

Statistics related footnote to Table 5 (Friedman’s test)a: (i) Differences in total training
time—h-per mode (i.e., swim vs. swim–bike vs. bike vs. bike–run vs. run vs. weights
vs. other): EB, X2(6) = 186.583, p < 0.001, N = 48; PC, X2(6) = 195.227, p < 0.001, N = 48; C,
X2(6) = 195.659, p < 0.001, N = 48; T, X2(6) = 192.794, p < 0.001, N = 48; Off, X2(6) = 143.654,
p < 0.001, N = 48; (ii) Differences in total training time—h-per training block (i.e., EB vs. PC
vs. C vs. T vs. Off): Swim, X2(4) = 75.129, p < 0.001, N = 48; Swim–Bike, X2(4) = 37.409,
p < 0.001, N = 48; Bike, X2(4) = 79.030, p < 0.001, N = 48; Bike–Run, X2(4) = 71.583, p < 0.001,
N = 48; Run, X2(4) = 75.362, p < 0.001, N = 48; Weights, X2(4) = 65.685, p < 0.001, N = 48;
Others, X2(4) = 39.307, p < 0.001, N = 48; (iii) Differences in frequency: EB, X2(6) = 186.583,
p < 0.001, N = 48; PC, X2(6) = 195.227, p < 0.001, N = 48; C, X2(6) = 195.659, p < 0.001, N = 48;
T, X2(6) = 192.794, p < 0.001, N = 48; Off, X2(6) = 143.654, p < 0.001, N = 48. Post hoc tests, EB
vs. C, for time: *** BR; for freq: *** BR, W; * SB; for EB vs. T, for time: *** S, SB, B, R; for freq:
*** SB, BR; for EB vs. Off, for time: *** S, B, * BR, R; for PC vs. T, for time: *** S, B, R, * BR; for
freq: *** SB; for PC vs. Off, for time: *** S, B, BR, R, for freq: *** BR, W; for C vs. T, for time: **
S, B, BR, R; for C vs. Off, for time: *** S, B, BR, * SB; for freq: *** BR, * R, for freq:, *** W; for T
vs. Off, for time: *** R; for freq: *** BR, * W. *** p < 0.01, ** p < 0.02, p < 0.05. a Significance
values were adjusted by Bonferroni correction.

What these top OD age-groupers considered to be their own normal training, per
7-day week, is presented in Table 5 (above). A more detailed breakdown of their training
frequency data is shown in Table 6. The aforesaid data are expressed in terms of swim, bike
and run “speed”, “long”, “hill rep” sessions, etc. (as per [15,29,30]). Details of the athletes’
weight training are also provided in the same Table. The male and female training-related
data are not reported separately because a prior analysis of 124 (Sprint, OD and team relay)
age-group competitors who were competing at the same ITU World Championships [31]
did not reveal any notable differences in training practice between the two genders.
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Table 6. Swim, bike and run training weekly session frequency and total time (h): details (mean± SD).

Variable EB PC C T Off

Swim-Bike Transition (T1)
Frequency 1.2 ± 0.7 1.4 ± 0.7 1.5 ± 0.8 1.3 ± 0.6 1.1 ± 0.4

Total time (h) 1.1 ± 0.3 1.5 ± 0.9 1.6 ± 0.9 1.4 ± 0.8 1.0 ± 0.0

Long Bike (LB)
Frequency 2.3 ± 0.7 2.2 ± 0.6 2.1 ± 0.7 1.3 ± 0.4 1.7 ± 0.8

Total time (h) 7.1 ± 3.0 6.6 ± 3.2 5.3 ± 2.7 2.8 ± 2.2 4.5 ± 3.1

Hill Reps Bike (HRB)
Frequency 1.5 ± 0.6 1.7 ± 0.6 1.7 ± 0.6 1.2 ± 0.4 1.2 ± 0.4

Total time (h) 2.0 ± 1.3 2.6 ± 1.3 2.5 ± 1.4 1.4 ± 0.9 1.3 ± 0.7

Speed Work
Bike (SWB)

Field Frequency 1.3 ± 0.5 1.8 ± 0.6 2.0 ± 0.7 1.7 ± 0.6 1.1 ± 0.4

T/T Frequency 1.8 ± 0.7 1.6 ± 0.6 1.4 ± 0.5 1.3 ± 0.5 1.4 ± 0.6

Both Total time (h) 2.5 ± 1.5 3.5 ± 1.4 3.7 ± 1.6 2.7 ± 1.2 1.8 ± 1.2

Bike–Run Transition (T2)
Frequency 1.4 ± 0.6 1.8 ± 0.9 1.9 ± 0.8 1.7 ± 0.9 1.0 ± 0.2

Total time (h) 1.6 ± 1.1 2.2 ± 1.5 2.5 ± 1.4 1.9 ± 1.1 1.1 ± 0.4

Other Bike (OB)
Frequency 1.6 ± 0.7 1.7 ± 1.0 1.7 ± 1.0 1.6 ± 0.7 1.9 ± 0.9

Total time (h) 3.0 ± 2.7 2.8 ± 2.6 2.8 ± 2.6 2.4 ± 2.1 2.9 ± 2.3

Long Run (LR)
Frequency 2.1 ± 0.5 2.0 ± 0.6 1.8 ± 0.8 1.3 ± 0.5 1.8 ± 1.0

Total time (h) 4.7 ± 2.0 4.1 ± 2.3 3.6 ± 3.0 2.0 ± 1.2 3.3 ± 1.9

Hill Reps Run (HRR)
Frequency 1.5 ± 0.5 1.5 ± 0.6 1.4 ± 0.5 1.1 ± 0.3 1.2 ± 0.5

Total time (h) 1.8 ± 1.1 2.0 ± 1.1 1.7 ± 1.0 1.3 ± 0.8 1.5 ± 1.0

Speed Work Run (SWR)
Frequency 1.9 ± 0.7 2.2 ± 0.6 2.3 ± 0.6 1.9 ± 0.6 1.5 ± 0.6

Total time (h) 2.5 ± 1.3 3.2 ± 1.5 3.5 ± 1.5 2.4 ± 1.0 1.6 ± 0.9

Other Run (OR)
Frequency 2.0 ± 1.2 1.9 ± 1.2 1.8 ± 1.1 1.8 ± 1.0 2.1 ± 1.2

Total time (h) 3.3 ± 2.7 3.2 ± 2.5 3.1 ± 2.5 2.7 ± 2.2 3.0 ± 2.4

Key: EB, Endurance Base; PC, Pre-Competition; C, Competition; T, Taper; Off, Off-Season; T/T, turbo trainer; total
time (in h, not hh:mm, because the question only asked for data to the nearest half hour).

Statistics related footnote to Table 6 (Friedman’s test, note that not all the athletes
provided these data in full) a: Differences between time used in training modes during
training blocks, i.e., (i) EB, X2(9) = 115.666, p < 0.001, N = 26; PC, X2(9) = 89.839, p < 0.001,
N = 26; C, X2(9) = 78.428, p < 0.001, N = 26; T, X2(9) = 45.654, p < 0.001, N = 25; Off,
X2(9) = 75.545, p < 0.001, N = 26; and (ii) frequency: EB, X2(10) = 85.772, p < 0.001, N = 33;
PC, X2(10) = 58.160, p < 0.001, N = 32; C, X2(10) = 63.225, p < 0.001, N = 31; T, X2(10) = 64.605,
p < 0.001, N = 32; Off, X2(10) = 78.405, p < 0.001, N = 31. Post hoc tests, EB vs. PC: for freq:
*** SWB, * for field SWB, for time: * both SWB; for EB vs. C, for freq: *** for SWB, ** T2; for
time: *** T2; for EB vs. T, for freq: *** LB, LR; ** HRR; for time: *** LB, LR; for EB vs. Off, for
both time and freq: *** LB; for PC vs. T, for freq: *** LB, HRB, LR; for time: *** LB, HRB,
both SWB, LR, SWR; for PC vs. off, for time: *** LB, HRB, both SWB, T2, SWR; for freq: ***
field SWB, T2, SWR; for PC vs. Off, for time: *** LB, HRB, SWR, * LR; for freq: *** LB, HRB;
for C vs. Off, for time: *** both SWB, SWR; ** T1; for freq *** field SWB, T2, SWR, ** HRB;
for T vs. Off, for time, *** LR; * T2; for freq *** field SWB, T2, ** LR. ***, p < 0.01, ** p < 0.02,
p < 0.05. a Significance values were adjusted by Bonferroni correction.

3.3.3. Changes in Training Intensity across the Training Year

The overall average weekly total (swim, bike and run) training time that was spent
within each of the three training intensity zones z1–3 changed with the training phase (z1,
F(4,239) = 3.478, p = 0.009; z2, F(4,239) = 9.222, p < 0.001; z3, F(4,239) = 16.163, p < 0.001)
(Table 7 and Figures 1 and 2). Within the Endurance-Base, Pre-Competitive, Taper and
Off-Season phases, the training time that was spent in z1 exceeded that spent within z2 and
z3. Within the Competition phase, z2 was the training zone in which the highest proportion
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of swim training time was spent. Most of the triathletes’ training time was spent cycling,
regardless of what training macrocycle type or intensity zone they were in.

Table 7. Weekly self-reported usual training time in three intensity zones and five types of training
blocks (mean hh:mm ± SD).

Intensity Level (Zone in Brackets) ANOVA Post Hoc Test a

L1–2 (z1) L3 (z2) L4–5 (z3) F(2,143) Sig. z1–z2 z1–z3 z2–z3

Endurance-Base
Swim 1:30:37 ± 1:16:40 1:00:37 ± 0:44:24 0:30:37 ± 0:36:52 14.073 <0.001 0.027 <0.001 0.027
Bike 2:43:07 ± 2:05:45 1:28:07 ± 0:55:50 0:46:52 ± 0:54:58 22.784 <0.001 <0.001 <0.001 ns
Run 2:06:15 ± 1:11:53 1:05:37 ± 0:57:36 0:31:15 ± 0:29:39 14.943 <0.001 <0.001 <0.001 ns

Total 6:19:59 ± 4:34:18 3:34:21 ± 2:37:50 1:48:44 ± 2:01:29 27.969 <0.001 <0.001 <0.001 ns

Pre-Competition
Swim 1:08:45 ± 0:53:56 1:08:07 ± 0:36:59 0:55:37 ± 0:42:25 1.299 ns ns ns ns
Bike 2:21:52 ± 1:56:33 1:51:52 ± 1:03:56 1:13:07 ± 0:49:28 8.502 <0.001 ns <0.001 ns
Run 1:46:15 ± 1:03:24 1:11:15 ± 0:52:44 0:50:00 ± 0:35:43 6.136 0.003 0.009 0.009 ns

Total 5:16:52 ± 3:53:53 4:11:14 ± 2:33:39 2:58:44 ± 2:07:36 7.354 0.001 ns 0.001 ns

Competition
Swim 0:54:22 ± 0:47:47 1:08:07 ± 0:39:58 0:55:37 ± 0:42:25 1.465 ns ns ns ns
Bike 2:05:37 ± 1:54:13 1:53:07 ± 1:10:37 1:21:52 ± 1:03:38 3.311 0.039 ns 0.041 ns
Run 1:30:00 ± 0:59:59 1:07:30 ± 0:48:08 0:54:22 ± 0:42:16 2.951 ns ns ns ns

Total 4:29:59 ± 3:41:59 4:08:44 ± 2:38:43 3:11:51 ± 2:28:19 2.494 ns ns ns ns

Taper
Swim 0:57:30 ± 0:50:35 0:48:45 ± 0:34:14 0:35:37 ± 0:33:42 3.586 0.030 ns 0.026 ns
Bike 1:46:15 ± 1:50:31 1:16:52 ± 1:00:36 0:43:44 ± 0:38:37 8.101 <0.001 ns <0.001 ns
Run 1:14:22 ± 0:55:20 0:43:07 ± 0:28:57 0:28:45 ± 0:34:25 9.886 <0.001 0.001 0.001 ns

Total 3:58:07 ± 3:36:26 2:05:37 ± 2:03:47 1:48:06 ± 1:46:44 9.934 <0.001 0.026 <0.001 ns

Off-Season
Swim 1:22:30 ± 1:20:48 0:44:22 ± 0:39:37 0:20:37 ± 0:42:29 15.183 <0.001 0.001 <0.001 ns
Bike 2:14:59 ± 1:52:35 0:55:37 ± 0:59:40 0:16:52 ± 0:27:36 30.713 <0.001 <0.001 <0.001 ns
Run 1:51:52 ± 1:08:16 0:48:44 ± 0:50:30 0:19:22 ± 0:31:51 19.566 <0.001 <0.001 <0.001 ns

Total 5:29:21 ± 4:21:39 2:28:43 ± 2:29:47 0:56:51 ± 1:41:56 43.692 <0.001 <0.001 <0.001 ns

Key: a, with Bonferroni correction; L1–2, intensity levels 1 and 2; L3–4, intensity levels 3 and 4; L3, intensity level
3; z1, zone 1; z2, zone 2; z3, zone 3; Sig., significant; ns, non-significant.

The athletes’ low-intensity (z1) swim or cycle training time did not vary significantly
across training phases. This was not the case as regards their time spent doing higher-intensity
work (i.e., swimming-z2, F(4,239) = 16.506, p < 0.001; swimming-z3,
F(4,239) = 7.367, p < 0.001; cycling-z2, F(4,239) = 12.650, p < 0.001; cycling-z3,
F(4,239) = 13.585, p < 0.001). Run z1, z2 and z3 training time did differ with training phase (z1,
F(4,239) = 4.710, p = 0.001; z2, F(4,239) = 3.166, p = 0.015; z3, F(4,239) = 8.618, p < 0.001).
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Training phase-based differences in the time that was spent exercising within each
intensity zone were seen (i) for swimming, within each of the Endurance-Base, Taper and
Off-Season periods; (ii) for cycling, within all five training cycles; and (iii) for running,
within every phase, apart from within the Competition phase. The total swim, bike and
run (SBR) training time that was spent within z1, z2 and z3 also differed within all the
assessed training phases, apart from the Competition phase. Examples of this include (i) for
the Endurance-Base phase, between z1 and z3 (p < 0.001), between z1 and z2 (p = 0.015)
and between z2 and z3 (p < 0.001); (ii) for the Pre-Competition phase, between z1 and z3
(p < 0.001) and between z2 and z3 (p < 0.001); (iii) for the Competition phase, between z2
and z3 (p = 0.021); (iv) for Taper, between z1 and z3 (p < 0.001) and between z2 and z3
(p = 0.006); and (v) for the Off-Season phase, between z1 and z3 (p < 0.001) and between z1
and z2 (p = 0.001), as well as between z2 and z3 (p = 0.001).

From the data that the athletes themselves provided, it appears that the average
percentage of their combined weekly swim, cycle and run training time that they normally
spent within z1, z2 and z3, respectively, was 53%, 33% and 14%, respectively (Table 6,
Figure 2). In no individual macrocycle or discipline did the average proportion of reported
swim, cycle and run training that the athletes spent in z1 exceed 56%. The actual percentage
of training time that was spent in z1 steadily dropped from the Endurance-Base phase
through the Pre-Competition to the Competition periods. Training time within z1 was
higher within the Taper and Off-Season phases than it was in other phases. Conversely, the
relative proportion of training time that was spent in z3 generally progressively increased
over the Endurance-Base to the Pre-Competition through to the Competition periods.
It only did not do so when Taper work—which would normally immediately precede
important races—was being performed. The training time that was spent within z2 varied
by a maximum of 8% over the same periods.
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We also compared the training of the fastest 10 and the slowest 10 triathletes in our
subject group of 48. No significant differences were seen between the two sub-groups in
either changes in training intensity across the training year or in TID. The data are not
shown here. We note that the way the study participants’ finishing positions were spread
across their age-group field was not perfectly matched between the different age-groups
that featured in this study. This, our sample size and the fact that the number of athletes
within the competition varied between the individual age-groups that featured in this study
meant that we were unable to adjust the analysis for the fact that triathlon performance
changes with age.

3.3.4. Training Feedback and Adjustment

Most of the group (70.8%) indicated that they were receiving feedback on the aforesaid
exercise training from a coach. This is a far larger proportion of the subject group than
those who were receiving feedback from a physiotherapist (35.4%), from a general (medical)
practitioner (4.2%), from a sports medicine doctor (8.3%), from lab testing (12.5%), from
training camps (16.7%), from an online training diary (20.8%), from their heart rate monitor
(47.9%), from the academic literature (16.3%), from the world wide web (39.6%) or from
other sources (12.5%).

The regularity with which feedback on their swim, bike, run, swim–bike transition or
bike–run transition technique was received, however, varied widely among individuals.
Some individuals obtained such feedback after almost every training session, while others
almost never obtained it. Technique feedback was consistently most often obtained for
swimming and running. It was given less regularly for cycling, almost never for the bike–
run transition and even less regularly for swim–bike transition training. There were also
only low, non-significant correlations between the individual athlete’s self–assessment of
their relative ability in swimming, the swim–bike transition, cycling, the bike–run transition
and running and the regularity with which they received technique-related feedback for it.

3.3.5. Changes from Normal Training in the Immediate Lead-Up to Worlds

The 48 athletes who took part in this study represented different countries and con-
tinents. None of the athletes indicated that these World Championships fell within the
competition period of their training year. Only 6.3% of the subjects reported that the
event fell within their Pre-Competition period. The World Championships fell within the
Endurance-Base period and within the Pre-Competition period in 45.8% and 47.9% of the
group, respectively. How the athletes considered themselves to have altered their training
over the month leading up to the event from what they considered to be their normal
training for that period of the training year is illustrated in Figure 3.
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Figure 3. Proportion of the athletes who did/did not modify their training in the month leading
up to the ITU Age-Group World Championships from that which was customary for them for the
training phase within which it fell. Key: S, swim; B, bike; R, run; z1, zone 1; z2, zone 2; z3, zone 3.
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Neither these changes nor their potential cause were particularly clear-cut. What
stood out, however, was that, apart from as regards weekly training time, those athletes
who did not change their training from what they themselves had recorded as normal for
themselves appeared to be in the minority. Most of the athletes deemed their levels of
inter-training session recovery to have been lower than normal within the month leading
up to the World Age-Group Championships. However, a similar proportion of the group
considered themselves to have lowered their training frequency in the higher run and bike
intensity levels as deemed themselves to have increased it. Although more athletes than not
increased their session duration in these same levels, the majority of the group indicated
their total overall training volume in the month leading up to Worlds to have been less
than customary. As for the number of races that the athletes competed in within the month
leading up to Worlds, this was less than normal in 47.9% of the group, the same as normal
in 45.8% of the group and more than normal in 6.3% of the group. Overall recovery times
between sessions were thought to be less than, the same as and more than normal in 10.4%,
52.1% and 37.5% of the athletes, respectively.

This training modification was presumably at least partly schedule-related. It was
performed in addition to the updating of goals and subsequent training that was imple-
mented “at the end of each macrocycle”, “after each major race” and “after illness, injury
and/or unexplained performance decrement” by 25.0%, 47.9% and 37.5% of the athletes,
respectively. We note, however, that 22.9% of the group stated that they had not updated
their goals and subsequent training from what had been set at the onset of the season, at
any point within that season, when they finished the survey.

3.4. Health Status

Those who reported themselves to be affected by injury over the preceding year
accounted for 16.7%, and over the month prior to survey completion, for 29.2% of the
group. Overall, 12.5% of the athletes were injured at the World Championships. Injury
prevalence at the exact moment of survey completion was 33.3%. A further 2.1% of the
group were, at that point, as yet unsure as to whether they were injured or not. The details
of these injuries shall be reported in a separate paper. Overall, the proportions of the group
who were ill over the month prior to Worlds, and within the event, were 16.7% and 4%,
respectively. All the illness cases that occurred within the month leading up to Worlds were
related, by the athletes, to cold/virus/bronchitis, “a bug” and/or to flu-like symptoms.
One athlete also contracted food poisoning. One had a concurrent ear/eye infection. At the
point of survey completion, 4.2% of the group were ill. On the same occasion, i.e., inside
one month of racing in the ITU World OD Age-group Championships, more of the athletes
(39.6%) considered their state of training to be “good” than anything else. This compares to
the 4.2% of the study participants who thought their training status to be very, very good;
18.8% who thought it to be very good; 20.8% who considered it neither good nor poor; and
16.7% who reported it as poor.

However, 22.9% of the group had competed while knowing—and 6.3% while unsure—
that they had a family history of cardiovascular disease. The proportion of our subject group
who had raced the World Championships with current cardiovascular issues or breathing
difficulties was 10.4% (Table 8). In total, 9 out of the 48 (i.e., 18.8%) indicated themselves to
have previously suffered or be suffering from a serious illness or condition that could affect
their ability to exercise. In three individuals (6.3%), this limitation was at least partly due to
their having suffered (training-related) traumatic injury. Moreover, 39.6% and 2.1% of the
athletes reported themselves as suffering or possibly suffering from allergies, respectively.
These allergies were mostly attributed to food/stings/dust/animals/selected medications.
In one case, the cause of allergy was unknown to the individual, despite it previously
having caused anaphylactic shock.
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Table 8. Proportion of the athletes who went into the race with pre-existing morbidity factors, injury
and/or illness.

Percentage Affected (with % Who Were Unsure in Brackets)

Family History of CV Disease 22.9 (6.3) Asthma 14.6 (2.1)

Current CV problems 10.4 Ex-induced asthma 14.6 (2.1)

Ever fainted, blacked out or had dizzy spells 27.1 Hay fever 22.9

Ever experienced loss of consciousness or
fainting with exercise 8.3 Allergies 39.6 (2.1)

Have/had serious illness or condition that could affect current ability to exercise 18.8

Key: CV, cardiovascular; Ex-induced, exercise induced.

3.5. Stress Levels

Over the year leading up to the ITU World Age-Group Championships, the athletes
reported themselves as having incurred Total Life stress, negative Life Stress and positive
Life Stress scores of 19.1 ± 20.7 (min–max, 0–89), −19.3 ± 20.7 (0–64) and 7.3 ± 8.9 (0–36)
units, respectively. Overall, 39.7 ± 33.1% of their Total Life Stress was considered to be
positive and 60.4 ± 3.7% to be negative. Sports-, Relationship-, Personal- and Career-
related Stress was held accountable for 42.0 ± 26.7%, 12.7 ± 18.6%, 31.3 ± 25.9% and
14.0 ± 21.1% of the athletes’ Total Life Stress, respectively. That is, most of the stress that
the athletes reported via the Life Stress Questionnaire was Sports-related Stress. The relative
proportions of positive and negative stress that were reported were (i) 39.7 ± 33.1% vs.
60.4 ± 37.1% for Sport Stress; (ii) 26.8 ± 37.6% vs. 73.2 ± 37.65% for Relationship Stress;
(iii) 39.6± 37.1% vs. 60.4± 37.2% for Personal Stress; and (iv) 40.1± 41.6% vs. 59.4± 41.6%
for Career Stress. Sports-related Stress affected most athletes and was overwhelmingly
negative when it pertained to injury, illness and/or the individual’s failure to attain his/her
sporting goal(s). These findings are shown in Figures 4 and 5.
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4. Discussion

This study aimed to obtain a global overview of the training, work and Life Stress of
top amateur short-distance triathletes. It also involved a preliminary assessment of the
extent to which the training structure, monitoring and flexibility of such athletes may or
may not be optimal. Our goal in so doing was to pinpoint potentially useful directions for
research with the potential to be translated into improvement in the training practice of
this athlete sub-group. We remind the reader that the survey was mainly retrospective, and
that the 48 athletes whom it involved represented a small proportion of the total number
of age-group athletes who were competing at the World Championships. Both issues
have implications for the ability to generalize our findings beyond our sample population.
We recommend, therefore, that our observations first be confirmed via a “proof of pilot”
retrospective survey that itself involves a sufficiently large number of athletes for it to have
adequate statistical power. The ensuing findings should then be checked via a prospective
longitudinal “proof of principle” epidemiological study. Its limitations notwithstanding,
however, this “pilot study” has yielded important findings.

Most of the athletes whom we surveyed were fitting their triathlon training around
fixed-hour full-time work. The triathletes claimed to implement goal setting within, to
periodize, to obtain feedback on and to modify their training plans when appropriate.
Some evidence to support such claims was obtained. The athletes’ key focus for the
season in question, in 95.8% of cases, was qualification for/performance within the ITU
World Age-Group Championships [32]. However, both the timing of the placement of the
Championships within the athletes’ normal training year and the way that they modified
their training within the month leading up to the event suggested that the actual training
that the athletes achieved was not necessarily fully commensurate with the aforementioned
sporting goal. This may partly explain why Sports-related Stress accounted for the majority
of the total Life Stress that the athletes reported themselves as having experienced over the
year leading up to the ITU World Age-Group Championships.

Before discussing our results, it is necessary to first place the level of the age-group
athletes whose data we have analyzed in context with the relevant academic literature. All
of our mostly masters athletes individual and triathlon-specific personal best competition
times were somewhat slower than those of the elite (but not professional) under-35-year-
olds of the same sex who participated in Vleck’s prospective training diary study [14]. The
latter had also been preparing for draft-legal OD competition. The OD triathlon personal
best times of our males were, nonetheless, faster than those of the athletes who participated
in Falk Neto et al.’s prospective study of age-group-level OD training [16]. They were also
faster (at 2:13:25 ± 0:16:07 vs. 2:12:24 ± 0:02:54; in hh:mm:ss) than Aoyagi et al.’s (2021)
nine younger “faster” well-trained males [6].

We mention Aoyagi’s work because it is the only existing report of the exercise intensi-
ties at which age-group athletes race the non-drafting OD competition that their training
preparation is based around of which we are aware. Their 17 males raced the swim, cycle
and run legs at 89.8 ± 3.7%, 91.1 ± 4.4% and 90.7 ± 5.1% of HRmax, respectively. The
proportion of competition time that was spent below the aerobic threshold (HRz1), between
the aerobic and the anaerobic threshold (HRz2) and above the anaerobic threshold (HRz3)
was 1.5 ± 2.3%, 6.6 ± 15.0% and 91.9 ± 16.3%, respectively, for the 1.5 km swim. It was
2.8 ± 8.0%, 18.4 ± 24.0% and 78.8 ± 28.1%, respectively, for the 40 km cycle. For the 10 km
run, it was 4.1 ± 10.6%, 39.9 ± 38.5% and 56.0 ± 42.1%, respectively. We note that when
the athletes were split into a faster and slower group, the mean %HRmax and intensity
distribution during swimming and cycling was similar in both groups. However, the faster
athletes in the group spent relatively more of their running time in intensity zones z2 and
z3. Thus, although our athletes, as well as being faster, also had at least four times (and
in some cases double) the equivalent training/racing experience in triathlon’s component
sports of Aoyagi et al.’s (younger) athletes, Aoyagi’s data give us a rough idea of what kind
of race exercise intensity distributions the training data that we collected here (as shown in
Tables 4–7 and Figures 1 and 2) likely related to.
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This observation (despite being somewhat labored) could open up new avenues of
applied research into triathlon training efficacy. There are some issues with comparing the
training-related data that were obtained by the various studies, however. The most impor-
tant of these is likely the fact that the various author groups did not use identical means of
ascribing training intensity zones. Aoyagi et al. used laboratory-based, measurement to set
zones. With Vleck’s method (Table 1), the athletes themselves set the intensity levels—albeit
doing so on the basis of multiple criteria that included laboratory-derived measures. This
“indirect” setting was implemented because—as was the case here—laboratory testing
was not necessarily an option that was available to the athletes. Vleck’s triathletes did
not record which combination(s) of the criteria for the setting of exercise intensity that are
outlined in Table 1 they used. Nor did they note what proportion of this combination was
derived from laboratory-based measures. In Vleck’s original study [14], however, this same
method of ascribing training intensity levels (and then zones) was to some extent validated,
by the athletes who took part in it, against the actual race times that they achieved over the
course of the study. The same method was also part validated, in other athletes, against
the results of laboratory-based incremental lactate and cardiorespiratory tests [31]. Since
this is potentially highly relevant to training diary-based research into training-related
maladaptation, we suggest that more detailed examination be carried out into the extent to
which the method of self-ascribing training zones that was used in both Vleck’s original
study and by this research (Table 1) both yield comparable results to laboratory-derived
measures [33] and could be improved.

Our data may, additionally, be somewhat skewed by the fact that we asked for training
duration estimations to be made to the nearest half hour. This is why we have only reported
total overall training durations across and within all the sports that the athletes were doing
when/where such information was obtained via direct questioning, and have not calculated
total training loads. Adding up values that have been rounded up or down, from multiple
questions, yields misleading numbers. Even so, however, the proportion of training time
that each of our top age-groupers were spending in intensity zones z1, z2 and z3 was
clearly not around the 75–80%, 5% and 15–20% values, respectively, that are commonly
recommended, in terms of eventual performance yield, to be undertaken within each of the
triathlon’s component sports [34]. The average percentage of combined swim, cycle and
run training time that the entire athlete group reported itself to normally spend within z1,
z2 and z3 was 53%, 33% and 14%, respectively. In no individual training block or individual
triathlon discipline did the average proportion of swim, cycle and run training that the
athletes spend in zone 1 exceed 56%. Falk Neto et al. [16], whose intensity zones were set
via RPE and guidelines in the literature and whose training data were prospective, reported
that their slower age-group athletes spent 47% of training time in z1, 25% in z2 and 28% in
z3. Vleck (2010) [14,35], using the same method of ascribing training intensity level as was
used in this study, but over 30 weeks of prospective longitudinal data collection, reported
that their 8 faster triathletes spent 70.4%, 6.1% and 9.1% of their overall training time in
their intensity levels 1–2, 3 and 4–5, respectively, i.e., in z1, z2 and z3, respectively.

It would be easy to assume, given the direction of change of the proportions of training
time that were spent in each zone from the slowest to the fastest athletes in these studies,
that the TID data from these three studies support Seiler’s model. This would likely be
a supposition too far. We do not yet have the data to support the making of an explicit
link between the proportion of training time that was spent in each intensity level by these
various ability groups and their performance level (as opposed to anything else). Vleck, for
example, did not compare the periodization of better vs. worse performers in the athletes
who took part in her larger prospective survey. The athletes also differed on other measures
that have been shown to differ among different ability levels of OD triathletes. For example,
the athletes in this study possessed considerably more years of triathlon training and racing
experience than Falk Neto’s similarly aged athletes (at 10.2 ± 6.2 and 9.0 ± 6.2 years,
respectively, vs. 4.5 years). In an initial retrospective study, competitive experience (as well
as “desire to achieve”, “stress” levels being “tense/anxious”, total mood disturbance and
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“can’t cope”) was shown by Vleck to differ with athlete ability level in the same group of
OD athletes from which their prospective study participants were drawn [14]. It is not clear,
however, seeing as they were younger, whether the athletes in Vleck’s prospective study
were relatively more experienced. What is probable, given their ages, is that that they had
less-demanding work commitments.

Most, but not all, the athletes in this study had full-time jobs, with fairly “normal”
working hours. On average, they worked 7.6 ± 2.5 h every day. The number of times they
trained per week stayed fairly constant over the year. There were some expected fluctua-
tions from this when the triathletes were tapering or in their Off-Season (see Tables 5 and 6).
Most of the group were fitting their training around work. It seems logical that their total
weekly training hours would stay fairly constant over the year, while the makeup of said
training changed. As was expected, the athletes fitted the majority of their weekday train-
ing sessions in before or after what are usually considered to be normal working hours.
They also did some “lunchtime” training. This is the first time that actual data, rather than
anecdotal reports (as described in [14]), have been obtained regarding this point. We did not
specifically ask to what extent the athletes cycled or ran to and from work. Nor—although
we did obtain details of the frequency, individual and overall weekly duration of “long”
and “speed” sessions in each discipline—did we inquire about how the cycling of low-,
medium- and high-intensity training work was organized over an average week. This was
unfortunate. It is also unfortunate that we did not inquire as to whether said training was
conducted “indoors” or “outdoors”. Both issues should be followed up.

Not unexpectedly, the proportion of the athletes’ training sessions that were conducted,
in each discipline, within specific time slots definitely differed between weekday- and
weekend-based training (Table 4). This situation can potentially affect the extent to which
recovery and adaptation might occur between the athletes’ training sessions. The degree of
inherent injury risk that a given athlete was exposed to, given the timing of his/her training,
could vary accordingly. For example, far more weekday than weekend based bike training
was conducted in the evenings. We do not know the extent to which this training was
conducted outside when daylight might be waning, or inside on a turbo trainer. Both of the
latter situations might augment injury risk, but to different extents. Nor can we calculate the
probability that, given that, it may be that the simplest reason for why these athletes are
not fulfilling the recommended proportions of z1, z2 and z3 training was simply because
they found it difficult to fit their training in around their other commitments. Z1 training
takes longer to complete. The possibility that (e.g., employment-related) limitations in their
training time leads these athletes to do high amounts of higher-intensity training than they
might otherwise have chosen to do was raised by McCormick [27]. Although the sample
numbers were too small for the authors to be sure, McCormick’s point appears to have
been supported by Falk Neto’s unpublished data [36]. These age-groupers were doing at
least some of their training in organized group/club sessions, which are unlikely to have
included much z1 training.

Certainly, club-related socialization may have had some positive repercussions in
terms of the athletes’ general mental and social health. Most of our subjects were enrolled
in single-sport- rather than in triathlon-specific clubs, however. They were not, therefore,
necessarily receiving training that took what they were doing in the other triathlon disci-
plines into account while in that environment (Table 3). Indeed, in answer to the question
“if you are coached (other than self-coached), and your training is geared towards triathlon,
do you have the same coach overseeing all three disciplines”, only 27.1% of the group
answered “always.” Even so, some level of training periodization among the Endurance-
Base, Pre-competition, Taper and Competition phases of the training year, as well as in the
Off-Season, was demonstrated in the athletes’ replies to the online survey. They achieved
this periodization across training phases within each individual triathlon discipline. They
also periodized their overall swim, bike and run training (as shown in Tables 5–7 and
Figures 1 and 2). We saw similar results regarding the periodization that occurred both
within and across training phases and disciplines when we extended the number of athletes
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in the training-related dataset up to 124. We did so by adding the data for those athletes
for whom up to 3 out of 45 training intensity-related replies were missing into the existing
dataset [31]. Nonetheless, our data that specifically related to how the athletes trained
within the one-month lead up to the World Age-Group Championships indicate that the
extent to which these age-groupers modified their training intensity distribution, racing
load and inter-session recovery in the light of external factors (Figure 3) may not always
have been ideal. We observed that, as the athletes were representing multiple countries
(and time zones of origin), “Worlds” did not necessarily fall within the competition period
of each individual athlete’s training year. It was certainly unclear from the data that we
obtained—which examined how their training for that month was modified from what
was normal for them for the macro-cycle in question—to what extent the athletes took this
issue into account.

The level of feedback that the athletes were receiving on their training in relation to
their perceived ability also supports the premise that their training adjustment process
could, nonetheless, perhaps be improved. The data that we obtained regarding the extent to
which these age-groupers acted in response to the failure of that training (i.e., injury, illness
or unexplained performance decrement) support this assertion. So, too, does the extent
to which such failure occurred, as exemplified by the injury prevalence values that we
obtained. We further highlight the fact that 40% of the athletes in this study self-identified
themselves as allergy sufferers. Similar observations were made for the larger 602-athlete
sample from which this group was drawn [31]. Although we could find no comparative
data for amateur triathletes to compare this to in the academic literature, Teixeira et al. [37]
observed allergy symptoms in 54.2% of a mixed sample of 59 elite triathletes and runners.
This observation may point to an adverse, potentially training-related, immune status in at
least some amateur triathletes. The results that are reported here in age-group triathletes
are clearly worth following up on with at least the Allergy Questionnaire for Athletes [37],
if not more [38].

We consider it highly noteworthy, moreover, that the majority of the Life Stress that
the athletes reported was Sports-related Stress. Outstanding personal achievement and
a major change in performance in actual competition, recovery from illness/injury and a
major change in academic/work activity were the triathletes’ main sources of Life Stress
over the year leading up to the World Championships. The LESCA does not directly
enquire about stress accruing from difficulties in maintaining what the athlete perceives to
be the appropriate life work/sports balance. Nonetheless, the fact that a major change in
work/academic activity was a source of stress could indicate work/sports balance to be
an important issue. We note that the issues that were identified as directly sports-related
were the ones that caused the most negative stress (as illustrated in Figures 4 and 5). They
included not attaining personal goals in sports, major personal injury or illness, a major
change in playing (i.e., training) time due to injury, recovery from injury/illness/operation
and loss of confidence due to injury, as well as a lack of recognition of the athlete’s ac-
complishments from coaching staff. As we only assessed 48 athletes here, there were not
enough of such injury/illness data to bother assessing what they were linked to. Given
the level of detail that the athletes provided on the etiology of any injury/illness that they
sustained for that month (far more so than for the other time periods that we assessed), we
reserve such an analysis for our larger 602-athlete sample. It is perhaps a pity, however,
that the LESCA data were (also) not obtained over the same one-month time frame. This
will limit the extent to which they can be linked to injury in particular.

5. Conclusions and Future Directions

We feel that the scheduling, completion, TID distribution and possible efficacy of
this group’s training may be linked to the “work/life/sport“ scheduling conflicts that are
associated with being “part-timers.” The minimal sociocultural data that exist for triathletes
thus far have suggested them to be generally well-educated individuals who also excel in
their business lives. They have also, however, been reported to exhibit less (sports-related)
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harm avoidance behavior than their single-sport counterparts [39]. We recommend that
systematic examination of both the benefits and barriers that are experienced by age-group
triathletes in combining their sports, academic and/or professional careers be carried out.
We also recommend that the impact that such issues can have on the physical and mental
health and well-being of such athletes be assessed [40].

This wide-ranging study has highlighted just how much research into training and
adaptation in age-group triathletes still needs to be conducted before its results can easily
be translated into improvement in training practice. Given that it was retrospective and
involved a small percentage of the total number of athletes who took part in the event, we
firstly need to examine the extent to which the findings of this study may be extrapolated
to the wider subject population. We saw that the TID of these amateur triathletes is not
apparently what has been considered to be best practice for single-discipline endurance
sports. But, the TID values that we calculated were based on retrospective data. They also
do not account for the athletes’ weight training, for their training in other sports or for
their off-training activity. Moreover, the triathlon has repeatedly been acknowledged to
be more than the sum of its single-sport counterparts. Its cycle training and run training
have certainly already been shown to have synergistic, cumulative effects [18,41]. Perhaps
the most important question here, therefore, is not so much the holistic one of “is classic
polarized training ideal for triathlon?” As Sperlich et al. [8] recently pointed out: ”it may be
questionable if a general best-practice or “optimal” TID exists at all, and if so, the replication
of TID will not be feasible in the long run”. The far more pressing question to be addressed
is surely a far more individualistic one. It is “what is the best training practice that a given
age-group athlete can feasibly achieve, given his/her work and other commitments?” This
study revealed significant differences between weekday- and weekend-based training in the
timing of, and therefore, in the recovery/training adaptation periods between, successive
training sessions. As triathlon coaches, we make decisions on the timing and order of our
athletes’ successive swim, cycle, bike and weight training sessions that are based more on
our personal experience than on any available scientific evidence. Swimming, for example, is
generally considered to have less impact than running. It is often chosen over running, for that
reason, to follow a high-intensity turbo training session. Examination, in top age-groupers,
of the order in which they cycle high-, medium- and low-intensity work across the (four,-
including weight training) triathlon disciplines may prove useful. So, too, may investigation
into how top amateurs adjust this type of periodization in view of their work demands. The
dual careers literature may prove to be helpful to investigators in this regard.

The second logical follow-up to these studies is an investigation of how exactly their
“within” and “outside” training stressors may have influenced maladaptation in the larger
retrospective study of 602 triathletes—for which sufficient injury and illness data appear to
be available to do this—of which they formed a part. How these influenced training needs
to be followed up. So, too, do the possible explanations of why said training diverged from
either accepted or the individual athlete’s norms. Far more athletes reported their inter-session
recovery to be less (as opposed to the same as or higher) than normal during the month-
long lead up to the World Championships, for example. They did so, even though they had
confirmed that the World Championships were the focus of their entire training year. Did
the same finding occur in the larger sample of 602 athletes? If so, why? What might have
influenced this departure from accepted training wisdom? What research questions need to be
addressed for us to be able to use the answers to improve training practice?

Of additional interest are the average weekly number of (swim, cycle, run and re-
sistance) training sessions that the triathletes did, regardless of when the athletes were
in their training year, and how these data relate to the most recently published updated
exercise training guidelines for masters athletes [15]. “A combination of exercise stresses
(endurance, sprint, and strength) is likely required to optimally maintain physical capacity
into older age. . . Athletes should do only one to two threshold or high-intensity training
sessions per week, interspersed with two to four long slow distance sessions per week,
depending on their training history. They should also factor in one or two strength training
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sessions per week.” Investigation of how variable “normal” athlete training within each
of the various triathlon age-groups is, and how such “normal” training varies from one
age-group to another, in tandem with examination of how this is reflected by decreases in
actual performance, would be the logical follow-up to this observation. For such research
to be successful, far larger sample sizes are needed than we utilized in this first exploratory
study. Research into how the risk factors that have already specifically been linked to
the occurrence of overuse injury in triathletes [2,20,21,29,30] differ across age-groups, and
change across the athlete’s life span, is also likely to yield results that could have important
implications for the improvement of training practice in age-group triathletes.
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Abstract: Background: We examined the explanatory power of the Spanish triathlon talent identifica-
tion (TID) tests for later World Triathlon Series (WTS)-level racing performance as a function of gender.
Methods: Youth TID (100 m and 1000 m swimming and 400 m and 1000 m running) test performance
times for when they were 14–19 years old, and WTS performance data up to the end of 2017, were
obtained for 29 female and 24 male “successful” Spanish triathletes. The relationships between the
athletes’ test performances and their later best WTS ranking positions and performance times were
modeled using multiple linear regression. Results: The swimming and running TID test data had
greater explanatory power for best WTS ranking in the females and for best WTS position in the
males (R2a = 0.34 and 0.37, respectively, p ≤ 0.009). The swimming TID times were better related to
later race performance than were the running TID times. The predictive power of the TID tests for
WTS performance was, however, low, irrespective of exercise mode and athlete gender. Conclusions:
These results confirm that triathlon TID tests should not be based solely on swimming and running
performance. Moreover, the predictive value of the individual tests within the Spanish TID battery is
gender specific.

Keywords: elite; testing; prediction; triathlete; talent; gender

1. Introduction

Triathlons involve sequential swimming, cycling and running. Only athletes with
around a top 150 world ranking may compete in the World Triathlon Series (WTS), i.e., the
highest level of competition below the Olympic Games. The annual WTS circuit involves
up to nine races over the Olympic (OD) (1.5 km swim, 40 km bike, 10 km run) and Sprint
(0.75 km swim, 20 km bike and 5 km run) distances, plus a (more highly scored) Grand
Final over the OD. The final WTS season ranking equates to a world championship ranking.
Climatic conditions permitting, at any given event, both sexes compete over the same race
distances. Within-competition analyses [1–3] have, however, demonstrated that gender
differences exist in the relative importance of individual swimming, cycling and running
performance to the overall race result in elite triathlon.

The running discipline makes the most decisive contribution to finishing position in
World Cups [3,4], World Championship/WTS Grand Finals and the Olympic Games,
but more so for males. Swimming performance affects final race position less [1,3].
Vleck et al. [4] reported World Cup performance to relate both to average swimming speed
and position at the swim exit. Slower swimmers must reduce their time gap to the leading
bike pack(s) by the run start. Swimming speed more strongly affects finishing position in
females, however [1,3]. Because of their differences in speed and performance density, cy-
cling performance can become more important in females [2]. Females form more, smaller,
cycle packs and are likely less able to bridge gaps between such packs [3].
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Pacing strategy also affects elite performance. In both genders, speed up to the first
buoy of a one-lap World Cup swim was associated with finishing position. The top 50% of
males swam this faster than the bottom 50%. Thereafter, swimming speeds were similar [3].
Elites also reportedly adopt a positive or a reverse J-shaped pacing strategy out of the
bike–run transition (T2), running faster within the first kilometer and, when faced with
direct opponents, over the final 400 m or less of the run [3–6]. Because they generally exit
T2 in larger groups, and have similar 10 km times, this ability to do an “end spurt” may
prove to be especially important in males.

To date, only one race analysis [2] has exclusively focused on WTS events. It examined
the relative influence of the three triathlon disciplines on WTS performance, across two
Olympic cycles, in 1670 males and 1706 females. Competitors were grouped by finishing
position (G1: 1st–3rd place; G2: 4th–8th place; G3: 9th–16th place and G4: ≥17th place).
The main effects of years and rank groups were compared. For females, swim and bike
segment differences existed only between G4 and the other groups (p = 0.001–0.029). Each
group differed from the other for the run (p < 0.001). For males, swimming performance
differed only between G4 and the other groups (p = 0.001–0.039). Although running was
where differences existed between all the groups (p < 0.001), it was apparently important
for success that a good runner be positioned with the first cycling pack. Bike splits did
not differ, however, between the different male groups, for whom “the bike leg seemed
to be a smooth transition towards running” [2]. Only the first 16 women had similar bike
splits, however. Even at the WTS level, females likely divide up into more bike groups,
further apart, and may therefore be more affected by residual fatigue at the run start than
males [2].

These gender differences in the relative extent to which performance in its component
disciplines influences triathlon performance [2,3] may have important consequences for tal-
ent identification (ID). The extent to which talent ID test results relate to adult performance
is used to justify the resources that are allocated to it. This then can markedly impact the
selected athletes’ likelihood of sporting success. To date, however, most triathlon talent ID
research has either involved mixed-gender groups or just males. “While . . . we know very
little about predictors of talent in elite sport, we know even less about predicting talent in
female athletes. Given the often-unique development systems for high-performance female
athletes, this discrepancy might limit our ability to gain a deeper understanding of talent,
and . . . lead to potentially harmful consequences for the female athlete population” [7].

We do not know the extent to which the individual predictive capacities of the tests
within the Spanish Triathlon Federation (FETRI) battery differ with gender. Although they
were previously reported to have little predictive capacity [8] (in that case for National
Championship-level performance), the study sample was of mixed gender. The extent to
which FETRI talent ID test results separately relate to male and female WTS performance
is unknown. Therefore, the aim of this study was to explore, as a function of gender, the
extent to which the FETRI talent ID test results predicted the later WTS performance of
Spanish triathletes.

2. Materials and Methods
2.1. Study Design

An explanatory transverse study design was used to establish the relationship between
the FETRI talent ID test results (Table 1), and later WTS performance, of both males and
females (Table 2). Two independent analyses were carried out: (1) for best end-season WTS
ranking (RankWTS) and (2) for best WTS individual event position (PositionWTS).

2.2. Participants

Our subjects were considered “the successful products” of the FETRI talent ID process
because they either obtained a final WTS ranking or raced at the WTS level in 2009–2017.
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Table 1. FETRI scoring system for performance of the individual components of the Spanish triathlon
ID test battery.

Age Points
Females Males

R400 R1000 S100 S100 R400 R1000 S100 S1000

14
years

3 1:19.0 3:55.0 1:17.0 14:10.0 1:07.0 3:14.0 1:09.0 13:30.0
10 1:12.0 3:20.0 1:10.0 13:00.0 1:00.0 2:46.0 1:02.0 12:20.0
12 1:10.0 3:10.0 1:08.0 12:40.0 0:58.0 2:40.0 1:00.0 12:00.0

16–17
years

2 1:19.0 3:55.0 1:17.0 14:10.0 1:07.0 3:14.0 1:09.0 13:30.0
10 1:11.0 3:15.0 1:09.0 12:50.0 0:59.0 2:43.0 1:01.0 12:10.0
11 1:10.0 3:10.0 1:08.0 12:40.0 0:58.0 2:40.0 1:00.0 12:00.0

18–19
years

1 1:19.0 3:55.0 1:17.0 14:10.0 1:07.0 3:14.0 1:09.0 13:30.0
10 1:10.0 3:10.0 1:08.0 12:40.0 0:58.0 2:40.0 1:00.0 12:00.0

Athlete’s age was determined by their age on 31 December in the year of the tests. Performance times are given in
mm:ss.s. S100: 100 m freestyle swimming test, S1000: 1000 m freestyle swimming test. R400: 400 m running test;
R1000: 1000 m running test.

Table 2. Performance times achieved within the FETRI talent identification test battery; best sea-
sonal WTS rankings, best seasonal finishing positions within an individual WTS event achieved by
“successful” Spanish triathletes (mean ± SD).

Talent ID Test
Performances

Females Males

N Time (min:ss.s ± s) 4R (%) N Time (min:ss.s ± s) 4R (%)

S100 29 01:05.82 ± 2.56 93.28 ± 4.15 24 01:00.81 ± 3.52 90.04 ± 5.30
S1000 29 12:53.07± 42.01 89.64 ± 16.46 24 12:27.38 ± 55.54 89.38 ± 6.71
R400 28 01:10.96 ± 3.99 88.78 ± 7.41 22 00:58.51 ± 2.92 92.95 ± 4.27

R1000 29 03:17.72 ± 9.64 93.90 ± 5.80 23 02:46.26 ± 9.98 93.57 ± 4.23

WTS Results Females Males

N Mean ± SD Min-Max N Mean ± SD Min-Max

Rank 26 100 ± 44 44–159 24 83 ± 53 1–165
Position 21 36 ± 14 18–58 19 24 ± 18 1–55

N: number of triathletes; F: females, M: males, 4R: percentage of the best ever times within the talent identification
test, S100: 100 m freestyle swimming test, S1000: 1000 m freestyle swimming test. R400: 400 m running test;
R1000; 1000 m running test. WTS: World Triathlon Series; Rank: best ranking position obtained by the triathletes
within the WTS (i.e., RankWTS), Position: best position obtained by the triathlete within an individual WTS
race (i.e., PositionWTS).

2.3. Procedures

From 2009 to 2016, 3502 fourteen to nineteen year-olds underwent the FETRI test
battery. This comprised two freestyle swimming tests (i.e., S100: a 100 m time trial; S1000:
a 1000 m time trial) in a 25 m pool, and two running track tests (i.e., R400: a 400 m
time trial; R1000: a 1000 m time trial). Each test performance time (in seconds, T) was
scored, up to a maximum of 12 points, using a proprietary FETRI age- and sex-specific
scale (Table 1) [8–10]. Those who scored 8 or more points in each of at least three tests
were then separated into age- and gender-specific subgroups. One-year age groups, as
opposed to category (e.g., “junior” or “cadet”) groupings, were used to offset relative
age effect(s) [11]. Each individual’s total test performance time was then expressed as
a percentage of the fastest ever summated four (swim and run) test times for their age
subgroup (variable 4R).

The World Triathlon results database (see www.triathlon.org accessed on 1 april 2021)
was then used to identify the “successful” 24 males and 29 females to which this study
pertains before their talent ID data were obtained from FETRI.

The research protocol was both in accordance with the Declaration of Helsinki and
approved by the local University Ethics committee.

2.4. Statistical Analysis

Sufficient sample size was calculated using G * Power v3.1.9.4 for Windows (Heinrich-
Heine-Universität Düsseldorf, GER), resulting in an N of 48 being considered appropriate

72



Sports 2021, 9, 164

(effect size = 0.36; α error probability = 0.05; power = 0.95). Sample normality, linearity
and homoscedasticity were assumed after carrying out the Kolmogorov–Smirnov test.
Pearson’s bivariate correlation coefficient was used to determine the inter-relationships
between test times. The relationships between the successful athletes’ talent ID test results
and their RankWTS and PositionWTS data were modeled using step-by-step multiple
linear regression. The degree of data independence was calculated using the Durbin–
Watson test (and assuming independence of values between 1.5 and 2.5). Variance inflation
factor (VIF) values above 10 were taken to indicate multicollinearity. The 95% confidence
level was considered statistically significant. All the analyses were performed with the
Statistics Package for the Social Sciences (SPSS version 19.0 for Windows, SPSS Inc., Chicago,
IL, USA).

3. Results

The athletes’ swimming and running test times (Table 3) were positively intercorre-
lated in the males. The correlation coefficients were large for between S100 and S1000
(r = 0.853, p = 0.001), and moderate for between S100 and R400 (r = 0.431, p = 0.045), S100
and R1000 (r = 0.431, p = 0.045), S1000 and R1000 (r = 0.552, p = 0.006) and R1000 and R400
(r = 0.742, p = 0.001). In the females, only R400 and R1000 (r = 0.836, p = 0.001), and S100
and S1000 (r = 0.750, p = 0.001) were significantly intercorrelated.

Table 3. Summary of the linear regression models for the best seasonal WTS ranking position
and best seasonal finishing positions within an individual WTS event achieved by “successful”
Spanish triathletes.

WTS Performance Predictors

Predictors R2 R2
a R Error Sig D-W

Rank
All 4RR1000, TS100, 4RS1000 0.346 0.303 0.588 40.710 0.000 1.16
F 4RR1000, TS100, 4RS1000 0.415 0.336 0.645 35.479 0.007 1.73
M TR400, 4RS1000 0.391 0.326 0.625 44.863 0.009 1.56

Position
All 4RR1000, TS100, TS1000 0.415 0.365 0.644 13.577 0.000 2.10
F TS1000, 4RS100 0.342 0.268 0.584 11.977 0.023 1.13
M TS1000, TS100 0.442 0.372 0.664 14.351 0.009 1.69

R: Multiple linear regression; R2: R Square; R2
a: adjusted R2; Error: standard error; D-W: Durbin–Watson test. F:

females, M: males, 4R: percentage of the best ever times within the talent identification test, S100: 100 m freestyle
swimming test, S1000: 1000 m freestyle swimming test. R400: 400 m running test; R1000; 1000 m running test. WTS:
World Triathlon Series; Rank: best ranking position obtained by the triathletes within the WTS (i.e., RankWTS),
Position: best position obtained by the triathlete within an individual WTS race (i.e., PositionWTS).

Table 3 also presents the linear regression models for the relationships between talent
ID test results and both RankWTS and PositionWTS. For the values obtained with the
Durbin–Watson test (with the exception of “all cases” in the response to RankWTS and
“females” in the response to PositionWTS) independence of the residuals was assumed. As
no VIF values exceeded 3.5, multicollinearity was not considered to be a problem.

The females’ talent ID test results best explained their best WTS ranking. According
to the value of the adjusted coefficient of determination (R2

a) (p ≤ 0.007), 33.6% of the total
variance in best female ranking at the end of the season was explained by 4RR1000, TS100
and 4RS1000. The regression equation was:

Female RankWTS = −960.306 + 7.060 × 4RS1000 − 2.852 × 4RR1000 + 10.285 × TS100 (1)

The males’ talent ID test results, however, better explained best individual WTS race
position than best male season-end WTS rankings. The corresponding R2

a (p ≤ 0.009)
indicated that 37.2% of the total variance in male PositionWTS was explained by S100 and
S1000 performance times:

Male PositionWTS = −101.692 − 0.315 × TS1000 + 5.933 × TS100 (2)
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4. Discussion

Few data relating to the accuracy of early talent decisions exist [7]. “High-quality
scientific research is needed in order to (a) determine the reliability and validity of tal-
ent identification and selection initiatives, (b) inform evidence-based models of athlete
development, and (c) identify gaps in current understanding and directions for future
work. Ineffective or inaccurate decisions have important repercussions for all stakeholders
involved (e.g., dropout, decreased motivation, misplaced resources, and investment)” [12].

Baker et al. [12] stated that it is “imperative to better understand factors related to
female-specific talent development.” Although their review of the talent-related literature
indicated over thirty such triathlon studies to have taken place thus far, we believe this
to be the first one to examine the accuracy of talent decisions for expert male and female
triathletes. FETRI test performance poorly predicted WTS performance in both genders.
In our “successful” females, talent ID results explained 33.6% of the variance in best end-
season WTS ranking (i.e., the more important of the two variables) and 26.8% of the variance
in best individual WTS race placing. In “successful” males, the corresponding values were
32.6% and 37.2%. In our results, when both genders were analyzed together (Table 3), the
explanatory power of the tests dropped (from 33.65% in females and 32.6% in males) to
30.3% overall for best end-season WTS ranking and to 36.5% for best individual WTS event
position. This is both unsurprising, given that the constraints and developmental models of
females differ from those of males, and confirms that the predictive capacity of the battery
FETRI talent ID test is gender specific.

The explanatory power of the individual FETRI tests for best WTS performance also
differed with gender. Again, this finding, given the gender differences in the relative
importance of performance within each triathlon discipline that exists at the WTS level,
was expected, since the “disciplines that precede the triathlon run appear to have more
impact on overall race performance in females than they do in males. In males, where the
performance density is better, the ability to complete a fast, sprint type, run finish can be
definitive” [2].

However, we did not set out to predict WTS performance per se. Rather, we explored
how much of the variance in male and female WTS performance could be explained by
performance in each of the FETRI swim and run tests. The prognostic validity of these
predictors for draft-legal OD triathlon performance is unconfirmed, nor are the optimal
pacing strategies within the WTS competition yet known. However, the (44 race) analysis
that was conducted by Piacentini et al. [2] found differences in swim times, bike times
and run times between podium (G1), 4th and 8th place (G2), 9th and 16th place (G3), and
≥17th place (G4) female WTS finishers. Within males, these differences occurred only
for swimming and running. No difference in swimming segment times was noted, in
both sexes, between the first three such groups. It was clearly important to overall WTS
performance that good runners were able to position themselves within the first cycling
packs to reach T2.

Piacentini’s study population would have included our males and females, classing
them as G1–G4 and G4 triathletes, respectively. In males, therefore, we expected to see
significant relationships between the swim and run FETRI test results and performance.
Piacentini et al. [2] observed that for males, exiting the water and exiting T2 close to the
leader, with a fast running split, appeared to be major determinants of success. In females,
both the T1 and T2 exits were important, as was a very fast run split. In males, G1 also
differed from G2 to G4 as regards entry into T1 and exit from T2. Entry into T1 was less
important than exit from T2, and run sprinting ability was likely more important, in males.
In females, position out of T2 was likely more important for overall performance than was
sprinting ability.

The 1000 m swim test featured in all our models, as did the 100 m swim test, in all cases
apart from the males’ best RankWTS. As regards the running tests, when both genders
were analyzed together, the 1000 m featured in both the RankWTS and the PositionWTS
models. When we analyzed each sex separately, the 1000 m run only had predictive power
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for the females’ best RankWTS. In males, the 400 m run test predicted best WTS finishing
place. Again, our results broadly agree with Piacentini et al. [2]. The triathlon run is a
more decisive contributor than the swim and the bike to the race result, at multiple levels
of elite competition. Observed correlation coefficients between triathlon swim and run
performance, and overall finishing position, of −0.36–0.42 vs. 0.88–0.94 for males and
−0.47–0.49 vs. r = 0.71–0.85 for females, respectively, support this [1–3]. However, the
FETRI swim tests explained more variance in WTS performance than the run tests did.
Some possible reasons why this was the case, aside from the relative heterogeneity that
existed in the performance levels of our two gender groups, are detailed below.

The S100 and S1000 tests that our triathletes underwent in the FETRI talent ID battery
are thought to be largely anaerobic and aerobic, respectively. To some extent, they reflect
the reality of elite competition, “for which the ability to start fast . . . and then maintain a
steady swim pace below 90% of . . . maximal speed could be seen as a preferred pacing
strategy” [6]. World-Cup-level triathletes have been noted to swim faster up to the first
swim buoy and then to sustain a relatively slower pace over the rest of (each) swim lap [3,4].
This first buoy is normally 250–350 m from the shore/pontoon. How fast the speeds over
the first 100 m, compared to the rest, of that 250–350 m are is unknown, however. No
“surge” data are available for these intermediate sections, nor do we know to what extent
elites speed up just before the swim–land transition(s). Yet, it seems appropriate that
the talent ID test battery includes both a short and a longer swim. However, we do not
know which of the various test distances used by different federations (e.g., the 200 m and
400 m of Italy that Bottoni et al. [13] reported vs. the 100 m and 1000 m of Spain) is the
optimal combination.

Perhaps, however, the potential relevance of the shorter swim test is increasing over
time. The 2017/2018 WTS season included more sprint distance events [6]. The best WTS
triathletes from a given country are fairly likely to also represent it at the Olympic Games,
not only over in the OD but also within the mixed team relay (MTAR). MTAR competitors
do a 300 m swim, a 6.6 km cycle and a 1 km run before handing over to a teammate, in the
given order of female–male–female–male. Sharma and Periard [5] reported that Australian
athletes competing at the 2014 MTAR World Championships also implemented positive
swim pacing, “likely due to a desire to be at the head of the swim group and avoid being
disrupted (i.e., stroke mechanics, breathing, “fighting” for position) by swimming in a large
group.” It makes sense that the ability to make a fast start at the very onset of the swim
may become increasingly important in elites, although insufficient data are yet published
relating to this point.

As for running, the 400 m and 1000 m run tests that our triathletes performed as part
of the FETRI talent ID battery have a marked anaerobic component. Although the triathlon
run was traditionally thought to be predominantly aerobic, the situation in elite draft-legal
races is more nuanced [5]. This may partly be because of the common athlete tactic, which
for the OD seems to contradict physiological principles, of a fast start out of T2. Within-race
analyses usually report this fast start to occur over the first 1000 m, i.e., over the same
distance as the longer FETRI run test, but researchers traditionally position their cameras at
1 km from T2. Etxebarria et al. [14] also examined (only male) pacing over 2.5 km sections
of the 10 km run after 2016. They did this over 14 World Cup and WTS events, over three
years and 726 race outcomes. The 171 males ran “the first lap of the standard four lap
circuit substantially faster than laps 2 (~7%), 3 (~9%) and 4 (~12%).”

We are unaware of any speed data relating to between when an athlete racks their bike
and perhaps trying to avoid “getting stuck in a traffic jam” [15]) when he/she gets out on to
earlier parts of the run. However, “at the speeds run by elite male triathletes drafting may
have some benefit on oxygen consumption and therefore performance; as such triathletes
may want to adopt a faster start to keep up with leading runners. Additionally, triathletes
present in the front group and thus in contention for the victory could have a psychological
advantage over chasing athletes and therefore perform better . . . ” However, balancing
the benefits of drafting against the physiological cost of a faster start would be a key
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consideration, with the potential for specific athletes (i.e., those with “ . . . higher anaerobic
tolerance qualities to target an aggressive pacing strategy”) [5].

The athletes, particularly males, as, historically, they have greater performance density,
who can do this and then do a “kick” or spurt over the last 400 m or less of the 10 km, when/if
needed, are likely to possess a competitive advantage over those who cannot. Interestingly,
Sharma and Periard [5] demonstrated that fast run starts also occur within the MTAR. It is
unknown to what extent they occur in Sprint distance WTS races, but these can account for
approximately a quarter of WTS events [2]. Such information is therefore relevant to future
talent ID and development.

We expected our low predictive power of the FETRI data for WTS performance. Talent
ID tests generally possess low predictive power [7,16]. Moreover, Cuba-Dorado et al. [8]
already found this, albeit in a mixed-gender sample, in relation to the draft-legal Spanish
National OD Championships performance of the same year. Piacentini et al. [2] already
demonstrated smaller time differences to exist between groups and athletes at the WTS level
than have been previously recorded for lower-tier elite events. Obviously, differentiating
between individuals who are at the same level of participation is particularly challenging
at the top level [12]. The low predictive power shown by our results notwithstanding, it
is heartening that the FETRI test battery predicted better WTS rankings than it did best
individual WTS event placings. Rankings are both a measure of performance consistency
and (partly) circumvent the problem of triathlon not having standardized course lengths or
course difficulty ratings. The WTS ranking is by far the more important of the two variables.

We note that the predictive power of the talent ID tests for the WTS ranking was
slightly better in females. A clear relative age effect (RAE), even for one-year groupings,
was reported in males on this same test battery. It is less evident in females, which may
partly explain the gender difference [11]. Despite the fact that an RAE was demonstrated
for the male triathletes who competed in the 2012 Olympic Games [17], none of the
investigations of the Spanish test set to date (including this one) seem to have adequately
accounted for the physical maturity levels of the individual athletes at the time of its
administration. Basing the 4R data around one-year athlete groups, as opposed to the
two-year performance categories that exist in Spain, only does so to some extent. At least
in males, the RAE has been demonstrated even within these one-year age categories [11].
This study did not account for the time interval between the athletes doing the talent
ID tests and their WTS results, although Cuba-Dorado et al. [8] also reported that the
length of the time interval between the administration of the Spanish talent ID tests and
the competition under investigation affected the explanatory power of the tests for said
competition results. Deliberate sports practice over a long period of time has certainly been
shown to influence the difference in performance between experts and novices. This is
especially so for running [18].

However, given how low the explanatory power of the FETRI battery is (and the
advent of the MTAR as an Olympic event), in both genders, it may be worthwhile re-
evaluating how it is made up. Our results confirm, for the WTS, what Bottoni et al. [13]
wrote a decade ago, i.e., that triathlon talent ID test batteries should not exclusively
focus on evaluating swimming and running performance. Bottoni et al. [13] made that
assertion on the basis of comparative retrospective data, dating back to when their subjects
were 14 years of age, for sixty-six top 5 male World Cup, World Championship and
Olympic Games finishers over the period 2000–2008 vs. top 15 Italian males. The data
indicated that cognitive/psychological assessment [13,19], and assessing the athlete’s level
of physiological and psychological maturity [20] are good ideas. So too is the collection of
data on the athlete’s previous performance/training history [7].

We emphasize that talent identification should focus on recognizing athletes who have
the potential for future excellence [21], because early entry into the talent ID system and its
associated benefits can be a crucial factor in talent development [22]. It remains important
that the scoring criteria for identifying athletes via the existing FETRI tests are not too
restrictive. This would allow enough triathletes to continue within the talent identification
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program and, later on, be assessed both on their rates of improvement [13] and more
specific aspects of elite performance such as their technical and tactical skills [22].

In addition to being accused of relying “on a relatively small number of heavily
weighted variables measured in isolation from the sport context,” many talent ID batteries
stand accused of “adopting testing batteries that do not accurately represent the sport
demands” [16]. Johnston and Baker’s comment is definitely pertinent to the sport of
triathlon, which “must be seen to be more than the sum of the sports of which it is made up” [23].
Using the 4R variable, which partly accounts for performance across shorter and longer
distances of each of two of the three triathlon disciplines, measured separately, is not
enough to do this. A key reason for this likely is that the triathlete’s cycling ability, which
can to some extent compensate for a poor position, relative to the leading bike packs, at the
swim exit, and affect how fresh they are at the run start [24], is ignored.

It is logical that once an athlete has been selected via the initial talent ID process, a more
detailed assessment of their potential to achieve elite-level performance be conducted [5,6].
Said assessment should include measurement of the universally acknowledged key triath-
lete ability of starting each discipline with minimal residual fatigue from the preceding
disciplines. This could be done by a cycle–run-specific transition test, at least three lab-
based versions and two field-based versions of which exist [25]. The five tests all assess
the extent to which the triathlon run start is influenced by residual fatigue from the bike
section. They perhaps vary in their suitability of application for different scenarios and
different athlete groups.

We draw the reader’s attention to the fact that both laboratory and anecdotal race
data suggest that the athletes who are less well adjusted at the run start exhibit decreased
stride lengths. “Athletes with longer running contact times may produce the same impulse
for a lower metabolic cost than their stiff . . . and/or fast twitch counterparts” [26]. It may
be that the athletes who exhibit a higher stride frequency at the run start may then pay
for this by not subsequently being able to exert a “kick” or speed spurt, if it is needed, at the run
finish. The extent to which the athlete exhibits a less efficient running style, and their pacing
over the rest of the race, may be related to their cycle: anaerobic power reserve (APR) [27]
and/or run-specific anaerobic speed reserve (ASR) [28]. These are typically defined as the
difference between maximal sprint power output and power output at maximum oxygen
uptake (VO2max) and the difference between maximal sprinting speed and running speed
at VO2max, respectively. We note that, although the study had methodological issues,
when the performances of senior and junior males on the Spanish bike–run field test
(i.e., a 30 min steady-state cycle plus a self-paced 3 km run) [29] were compared, they were
found to differ in run pacing style. Because having a good APR/ASR may differentiate
between athletes who are relatively homogenous as regards other, commonly measured,
markers, and because APR/ASR development relates to both developmental and training
levels, it may be a useful longitudinal marker. Cycle and run field tests for it exist [27,30].
The ability to recover from cycle surges will of course affect the athlete’s fatigue at the
run start. This may then compound the negative effects of positive run pacing. Since “a
lower anaerobic capacity leads to an inability to accelerate at the end of the race, which can
accrue because of a reliance on anaerobic energy to maintain pace in an athlete of inferior
running economy” [28], the higher the athlete level, the more relevant APR/ASR testing
may become.

“Parameters which differentiate athletes at one competition level may not be as
valuable as athletes’ progress” [20]. Variability in the extent to which the performance
in the same component of the test battery contributes to successful performance across
different levels of competition is also something to explore. It would be interesting to study,
on a longitudinal basis, whether monitoring the factors that are perhaps then identified as
distinguishing “expertise” from “eminence” (e.g., between being able to achieve a top 50
placing at National Triathlon Championships vs. obtaining a high enough world ranking
to be competing at the WTS level) [16] could be used to distinguish between triathletes
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with differing capabilities of sustaining a given pacing strategy, and then to train this
capacity [19].

Given all of the above, it can be considered both a strength and a limitation of our
study that it focused specifically on the extent to which the Spanish talent ID test battery
explained later WTS-level performance. It is only because Spain has been one of the
top-performing countries in the world for triathlon that we were able to achieve such
high numbers of “successful” elites, of both genders, for our regression analysis. Had we
been able, however, to extend this analysis to involve the “successful” athletes from other
countries as well, we would probably have been able to gain better insight into exactly
which of the different talent ID test distance combinations that are implemented by such
countries best explains the variance in top-level triathlon performance.

5. Conclusions

We confirmed, at the WTS level, the finding that “retrospective analysis of running
and swimming performance outcomes only is not an appropriate method for predicting
future triathlon success” [13]. However, as research into the efficacy of talent selection
decisions, particularly that which compares the two sexes, is rare [7,19], our demonstration
of clear gender differences in the explanatory power of the individual tests within the talent
ID battery for WTS performance is noteworthy. So too are the clear corollaries between
these gender differences and how males and females were actually performing in the
WTS-level competition.
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Abstract: Little is known about how recreational triathletes prepare for an Olympic distance event.
The aim of this study was to identify the training characteristics of recreational-level triathletes
within the competition period and assess how their preparation for a triathlon influences their
health and their levels of fatigue. During the 6 weeks prior to, and the 2 weeks after, an Olympic
distance triathlon, nine recreational athletes (five males, four females) completed a daily training log.
Participants answered the Daily Analysis of Life Demands Questionnaire (DALDA), the Training
Distress Scale (TDS) and the Alberta Swim Fatigue and Health Questionnaire weekly. The Recovery-
Stress Questionnaire (REST-Q) was completed at the beginning of the study, on the day before the
competition, and at the end of week 8. Training loads were calculated using session-based rating
of perceived exertion (sRPE). The data from every week of training was compared to week 1 to
determine how athletes’ training and health changed throughout the study. No changes in training
loads, duration or training intensity distribution were seen in the weeks leading up to the competition.
Training duration was significantly reduced in week 6 (p = 0.041, d = 1.58, 95% CI = 6.9, 421.9), while
the number of sessions was reduced in week 6 (Z = 2.32, p = 0.02, ES = 0.88) and week 7 (Z = 2.31,
p = 0.02, ES = 0.87). Training was characterized by large weekly variations in training loads and a high
training intensity. No significant changes were seen in the DALDA, TDS or REST-Q questionnaire
scores throughout the 8 weeks. Despite large spikes in training load and a high overall training
intensity, these recreational-level triathletes were able to maintain their health in the 6 weeks of
training prior to an Olympic distance triathlon.

Keywords: training loads; monitoring; illness; recovery; triathlon

1. Introduction

Triathlon is a unique sport that requires athletes to excel in swimming, cycling and
running over a variety of distances. Amateur triathletes make up the majority of partici-
pants [1]. Success in the sport requires that triathletes possess above average aerobic power
and muscular endurance, along with well-developed anaerobic capacities for surges in
pace and for the final moments of the race [2–4]. To be able to prepare for the demands
of the sport while mastering the three disciplines, and depending on race distance [2,5–8],
age-group triathletes have been reported to train between 8 and 16 h per week.

To maintain this training volume, triathletes may continue to train even when injured,
by increasing their training load in another exercise mode to that in which the injury was
sustained [4,9,10]. This approach to management of training loads and shifting of training
to other modes when injured may expose recreational level triathletes to higher levels of risk
for sustaining negative, training related, health outcomes [11]. The intensity at which the
training sessions are performed may also be an issue [12]. According to previous research,
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recreational endurance athletes often perform easy sessions at a pace that is considered too
hard [13], whilst not pushing hard enough on the intense training days. This can lead to a
program with a higher overall intensity. This itself is linked to delayed recovery following
training [14], a greater potential for the occurrence of non-functional overreaching [2,13]
and potentially a higher likelihood of the occurrence of injuries [4,15]. Too much intense
training can also be detrimental to performance. In endurance sports, a polarized approach,
with a focus on training at lower intensities (below the lactate threshold), and with few
key sessions at higher intensities, is likely the most effective way to elicit performance
improvements [16,17].

The training frequency that is involved in preparation for triathlon competition, and
possible associated difficulty in balancing their training and other life commitments, may
also lead recreational-level triathletes to experience high levels of stress [18]. General life
stress can negatively influence athletes’ health status [19], blunt the adaptive response to
endurance or resistance training programs [20,21] and moderate the relationship between
fatigue and recovery [22]. The monitoring of amateur triathletes’ training loads and well-
being, to help balance their training and life stress and to improve the chances of early
detection of negative health and performance outcomes, is therefore important [23].

Training loads can be monitored with different methods that are related to changes in
performance, health and fatigue [3,15,24]. The session rating of perceived exertion (sRPE)
is accepted as a valid measure of training load. It may be predictive of illnesses when a
spike in training load occurs [24]. Monitoring fatigue levels throughout a training program,
however, can be a challenging task. Even though many physiological measures have
been investigated, most show little validity or practical application [3,15]. In this context,
subjective measures (such as questionnaire-based surveys of mood and perceived stress,)
have proven as or more effective than objective measures (such as blood markers and heart
rate responses) [15,23,25,26].

Even though far more recreational level age-groupers prepare for the (1.5 km swim,
40 km bike, 10 km run) Olympic distance (OD) competition than do so for the (3.9 km
swim, 180 km bike, 42.2 km run) Ironman distance (IR) [1], little is known about their
training practices and associated health status. Only one detailed longitudinal prospective
investigation of training, maladaptation and training status markers in OD athletes appears
to exist [27]. Vleck monitored 51 British National Squad OD specialists over a seven month
lead up to the World OD Championships (weeks 20–23 of which included their World
Championship qualifying and National Championship OD races). As her 1996 study
predated the inception of draft legal racing for Elites, Vleck’s subjects were preparing for
competition over what is nowadays the amateur OD triathlon format. However, their OD
performance times over the study period (of 1:57:04 ± 0:19:55 hh:mm:ss for males and
2:10:30 ± 0:16:41 hh:mm:ss for females), would, even now, place them at the top level of
such competition As such, they would be categorized as “well trained.” We are only aware
of one (6 month) prospective longitudinal investigation of training volume and intensity
distribution, in the lead up to competition, of recreational level triathletes [2]. The study
of Neal et al. [2], however, involved IR distance athletes. The only, albeit retrospective,
comparison of training in IR vs. OD athletes that exists [4] and that used the same methods
of data collection for both groups, suggests them to differ in training practice. To date,
no prospective longitudinal study of training and maladaptation in recreational level OD
triathletes has been published in the academic literature.

The purpose of this study, therefore, was to monitor the training characteristics of
recreational-level triathletes in the lead up to an OD triathlon competition and assess how
the participants’ training influenced measures of health and fatigue. As the phenomenon
has been reported with other endurance sports athletes [13], it was hypothesized that
recreational triathletes would spend a disproportionate amount of their training time at
higher exercise intensities. This would lead the participants to report high levels of fatigue,
stress and negative health symptoms on a weekly basis.
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2. Materials and Methods

The study was approved by a local Research Ethics Board (Pro00082267). Participants
were informed of the risks and benefits of the study prior to signing an informed consent
document. Recruitment occurred online via social media and the website of the follow-
ing events: World Triathlon Series (WTS) Edmonton, WTS Montreal and the Vancouver
Triathlon. All the events occurred between July and September of 2018.

2.1. Subjects

The participants were required to have 3 or more years of experience training for and
competing in Olympic distance events. In this case, 11 participants (6 males, 5 females),
with ages varying between 30 and 47 years old (39.2 ± 5.8, mean ± SD) volunteered for the
study and competed in one of the aforementioned events. All the participants were classed
as recreational athletes as they were competing in the amateur (“age-group”) category, were
not part of a regional or national development center and trained and competed in their
leisure time [7,8]. None reported training as their main occupation. The Olympic distance
race times of our subjects were slower than those of well-trained male age-groupers who
had similar triathlon training experience [28]. This confirms the recreational nature of the
participants in the current study.

2.2. Measurements

The participants agreed to record their training programs within the 6 weeks leading
up to an Olympic distance triathlon that was the key event of their season- and over the
2 weeks that followed the event. A questionnaire was used to cover participants’ experience
in the sport (i.e., their years of training and competition), and how long they had been
training or competing in swimming, cycling and running. Information on the participants’
best performance in prior Olympic distance events, the age at which they started training
and competing in triathlon, and their past training practice (e.g., their hours of training
per week, training frequency and longest session in each exercise mode) was also collected.
Lastly, the participants were asked about how many triathlons (over any distance) they
had competed in within the current and past years.

2.2.1. Training Monitoring

Training was monitored via a customized online training log that was developed for
this study. The participants were instructed to maintain their regular training programs
while tracking every session. The training log required participants to report their session
goal, activity type (e.g., tempo run, intervals), exercise mode and session rating of perceived
exertion (sRPE) [24]. The study participants were also asked to report on other types of
sessions that they performed (other modes of endurance training, such as rowing or
resistance training sessions, for example) and describe what they were.

2.2.2. Training Load Calculations

External training loads were calculated as the total duration of each session (in min-
utes) across each week, and separated by mode of training (swimming, cycling, running).
The participants’ internal loads were calculated using the session rating of perceived exer-
tion method (sRPE) that was developed by Foster [24], with the duration of each session
multiplied by the rate of perceived exertion (1–10) that was assigned by the athlete to that
session. Training monotony, an index of training variability defined as the daily mean load
divided by the standard deviation of the load calculated over a week, was determined
for each week [24]. Training strain (the product of training load and monotony) was also
calculated weekly [24].

2.2.3. Training Intensity Distribution (TID)

The TID of the athletes was calculated based on the sRPE that was reported for each
session. This method was chosen as the researchers did not have data on the participants’
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maximal heart rates, and it allowed for an easier collection of the intensity of the swimming
sessions. Nevertheless, there is evidence to support the use of sRPE for assessing training
intensity distribution in endurance athletes [16]. Sessions with a RPE of 4 or lower were
considered as zone 1, a RPE of 5 or 6 were considered to equate to zone 2 and a RPE of
7 and above was considered as zone 3 [16]. The duration of each session was then assigned
to its respective intensity zone (1, 2 or 3) so that the total amount of time within each zone
could be calculated for each mode of exercise (swimming, cycling and running).

2.2.4. Self-Reported Measures of Health, Fatigue and Illness

At the end of each training week, participants were sent three questionnaires: the
Daily Analysis of Life Demands (DALDA), the Training Distress Questionnaire and the
Alberta Swim Fatigue and Health Questionnaire (details of which are provided below), via
a digital link. The athletes were instructed to return the completed forms to the researchers
within 24 h of receipt.

The DALDA was formulated on the basis of multiple tests for response consistency
that were conducted in swimmers [26]. The reliability criterion was a stress or source item
being responded to in the exact same manner on four of five occasions, each 14 days apart,
by at least 80% of athletes. If this was not the case, the item was deleted. After this initial
evaluation, 9 questions to assess general stress levels and their source (part A) and another
25 questions aimed at determining symptoms of health and fatigue (part B), remained in
the questionnaire. Completion of the DALDA involves the athlete rating himself/herself
as being either “worse than normal”, “normal” or “better than normal” on each variable.
As they can be representative of an increased level of (negative) stress [5,26], changes in the
numbers of “worse than normal” scores are used to monitor athlete’s health. The DALDA
can be repeatedly administered during a training period [26] and is sensitive to changes in
training loads. In triathletes undergoing a period of intensified training, the questionnaire
was considered a practical test to monitor changes in recovery and health [5].

The Training Distress Scale Questionnaire (TDS) [25] both quantifies the psychobio-
logical response to training and helps identify athletes who are at risk of training-induced
distress. The TDS was developed from the seven items of the Profile of Mood States
(POMS) [29] that Raglin and Morgan [25] considered to be the best identifiers of an athlete
in distress. The questionnaire was initially validated in swimmers, across seven time
points of their season. It was found to have a mean successful prediction rate of 69.1%
(p < 0.05). The scale was later both cross-validated and found to be equally effective at
identifying athletes in distress, in track and field athletes [25]. The TDS consists of 7 items
to which participants rate their mood responses using a 5-point Likert scale (that ranges
from “0—not at all” to “4—extremely”). Lower overall scores are taken to mean that the
athlete is displaying a better mood state.

Lastly, the Alberta Swim Fatigue and Health questionnaire (ASFH) [30] was used to
determine health and fatigue status, as well as general attributes that are associated with
good health, on a weekly basis. The ASFH has previously been used to detect changes
in respiratory symptoms with manipulations in training load [30], whilst also being used
to assess changes in health and fatigue in varsity athletes. The questionnaire collects
information about the athletes’ overall wellbeing and health, in addition to their respiratory
symptoms. Aches and soreness were identified as either a headache or general body ache
(that was not specific), joint ache or pain, or muscle soreness, which was separated by body
segments (e.g., lower back, shoulders, quadriceps, calves, etc.). A niggle was defined as a
nagging pain that still allowed participants to train, although it could force participants
to modify their training. If participants had to modify their training, the extent to which
it was modified was also reported (i.e., no modification, to a minor extent, to a moderate
extent, to a major extent, cannot participate at all).

At study baseline, 48 h prior to the OD race and 2 weeks post-event, the athletes also
completed the Recovery Stress Questionnaire for Athletes (REST-Q). The REST-Q, which
was initially validated in rowers [31], measures both the frequency of current stress and
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the frequency of recovery associated activities. It consists of 77 items (19 scales with four
items each, plus a warm-up item), each with values ranging from 0 (never) to 6 (always),
indicating how often the athlete has participated in activities over the past 3 days and
nights [31]. Each of the scales has been rated as both reliable (with Cronbach’s α for each
scale ranges of between 0.68 and 0.89), and to possess good test-retest reliability [31]. For
the purposes of this study, total stress was calculated as the sum of the 10 stress subscales,
while total recovery was calculated as the sum of the 9 recovery subscales. The athletes’
recovery-stress balance was calculated as the total stress score minus the total recovery
score [6]. High scores in stress-associated scales reflect intense subjective strain, while high
scores in the recovery associated scales reflect adequate recovery [6,31].

Saw et al. [23] and others [3,5,6,30] have demonstrated that such questionnaires can
accurately reflect acute and chronic changes in well-being in response to alterations in
training loads and are likely associated with changes in objective measures of training,
health and fatigue. Previous studies in well-trained, but not elite, triathletes have also
identified that questionnaires such as the DALDA and the REST-Q might play an important
role in detecting alterations in levels of fatigue during a period of intensified training [5,6].

2.3. Data Analysis

Statistical analysis was performed using IBM SPSS® Statistics v.24 (IBM, Armonk, New
York, NY, USA), with the significance level set at p ≤ 0.05. Data distribution was checked
with the Shapiro-Wilk test. A repeated-measures analysis of variance (ANOVA) was used
to compare changes between week 1 and every subsequent week to analyze how training
changed over time relative to baseline. Health and fatigue symptoms during the 8 weeks
of the study were also compared to week 1. Partial eta square effect sizes are reported
(η2) and interpreted as small (0.01), medium (0.06) and large (0.14). When a main effect of
time was found, post-hoc comparisons were performed using the Bonferroni correction,
with Cohen’s d calculated to report effect sizes (d) of pairwise comparisons between
weeks (0–0.2 = trivial, 0.2–0.6 = small, 0.6–1.2 = moderate, 1.2–2.0 = large and >2 = very
large) [32]. To control for alpha level inflation, only pairwise comparisons between week
1 and every subsequent week were performed. When Mauchly’s test was significant, a
Greenhouse-Geiser adjustment was used to determine the significance level of the test. If
the assumption of normality was violated, Friedman’s Test was utilized to assess the main
effect of time, with Kendall’s W used to report effect sizes (W). When the main effect of time
was significant, the Wilcoxon-Signed Rank test was used to determine differences between
weeks, with effect sizes (ES) calculated for each comparison (r = Z/

√
N) and interpreted as

0.10–small, 0.30–moderate, and 0.50–large effect [33]. Correlation analyses between weekly
training characteristics (training loads, monotony and strain, and training time in zones
2 and 3) and both the “worse than normal” scores on the DALDA questionnaire and the
scores on the TDS were performed using Spearman’s Rank Test.

3. Results

The data of two individuals (one male and one female) were excluded from analysis,
as a result of failure to complete the training log or to maintain a training routine. The final
study subject number was nine, therefore. The characteristics of the study participants are
presented in Table 1.
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Table 1. Participants’ self-reported training characteristics.

Characteristics Mean (Range)

Age when started triathlon training (years) 33.6 (19–42)
Experience of training and competing in

triathlon (years) 4.5 (3–12)

Swimming Experience (years) 6.5 (3–15)
Cycling Experience (years) 7.0 (3–15)
Running Experience (years) 14.2 (3–30)

Number of triathlons performed last season
(any distance) 3.7 (2–5)

Training volume in the previous year (hours) # 341 ± 185 (150–674)
Number of triathlon specific sessions per week

in the past year (overall and per mode) # 7.3 ± 1.5 (5.0–9.0)

Swimming # 2.2 ± 1.0 (1.0–4.0)
Cycling 3.0 (2.0–3.5)

Running # 2.7 ± 0.6 (2.0–4.0)
Training volume per week in the past year

(hh:mm:ss)
Overall 08:48:00 (3:30:00–13:30:00)

Swimming 2:24:00 (00:30:00–05:00:00)
Cycling 03:48:00 (01:12:00–06:00:00)
Running 02:24:00 (01:00:00–06:00:00)

Longest session (hh:mm:ss) in the past year
Swimming 01:16:36 (00:50:21–02:00:00)

Cycling 03:18:24 (01:30:00–07:00:00)
Running 01:52:20 (01:00:00–03:00:00)

Average finishing time for Olympic Distance
triathlon in week 6 (range) (hh:mm:ss) 02:39:06 (02:25:00–02:51:45)

Males 2:36:00 (2:17:12–2:58:00)
Females 2:40:48 (2:30:30–2:46:00)

# Data presented as mean ± standard deviation.

Two athletes won their age-group category, and one did not finish the race due to
injury. Given their age and/or the number of finishers in each of their respective age-groups,
we were able to confirm that the athletes in our study would not be classified as “fast,
well-trained age-group Olympic distance triathlete” (s) [28]. Rather, this study deals with
recreational level age-group triathletes. According to the training history questionnaire,
the participants had an average of 5 years of experience in triathlon and a greater training
history in one of the disciplines, with running being the most common. The athletes
reported performing more cycling and running sessions in a week than swimming sessions.
The number of cycling and running sessions that were accomplished in a week were similar.

3.1. Training Characteristics

The training characteristics of the participants is presented in Table 2.

3.1.1. Training Duration (Min) and Time Spent within Each Training Zone

Total training duration changed significantly over the 8 weeks (F(7, 56) = 4.126,
p = 0.014, η2 = 0.340). When compared to week 1, total training volume was signifi-
cantly lower in week 6 (p = 0.041, 95% CI = 6.93, 421.95, d =1.58, 414.08 ± 170.5 vs.
199.6 ± 97.6 min). Over the 8 weeks of training, no significant changes were seen in the
overall time spent in zone 1 (F(7, 56) = 1.225, p = 0.305, η2 = 0.133) or zone 2 (χ2 (7) = 9.00,
p = 0.252, W = 0.143). However, a significant difference for time spent in zone 3 was found
(χ2 (7) = 22.56, p = 0.002, W = 0.358). Compared to week 1, the time spent in zone 3 was
significantly shorter in week 6 (Z = 2.52, p = 0.012, ES = 0.95, median = 78 vs. 0 min), week
7 (Z = 2.10, p = 0.036, ES = 0.79, median = 78 vs. 0 min) and week 8 (Z = 1.960, p = 0.050,
ES = 0.74, median = 78 vs. 40 min).
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3.1.2. Total Time Spent Swimming, Cycling and Running and Time Spent in Zones 1, 2 and
3 for Each Mode

No significant differences across the 8 weeks were found for total swimming time
(χ2 (7) = 10.29, p = 0.173, W = 0.163). Total cycling time (F(7, 56) = 2.483, p = 0.027, η2 = 0.237)
was significantly changed across the 8 weeks, but no differences in relation to week 1 were
found. Total running time differed across the 8 weeks (χ2 (7) = 16.39, p = 0.022, W = 0.260),
with running time in week 6 (Z = 2.54, p = 0.011, ES = 0.96, median = 27 vs. 105 min) and
week 7 (Z = 2.07, p = 0.038, ES = 0.78, median = 31 vs. 105 min) being lower when compared
to week 1. No differences were found for time spent in zones 1 or 2 for swimming, cycling
or running. Time spent in zone 3 was significantly different across weeks for swimming
(χ2 (7) = 16.21, p = 0.023, W = 0.257) and cycling (χ2 (7) = 23.33, p = 0.001, W = 0.370).
However, post-hoc comparison only showed a significant difference between week 1 and
week 6 for cycling in zone 3 (Z = 2.023, p = 0.043, ES = 0.76, median = 25 vs. 0 min). For
running, time spent in zone 3 was significantly different across the 8 weeks (χ2 (7) = 19.52,
p = 0.007, W = 0.310), with week 6 (Z = 2.36, p = 0.018, ES = 0.89, median = 0 vs. 53 min)
and week 7 (Z = 2.36, p = 0.018, ES = 0.89, median = 0 vs. 53 min) presenting a significantly
lower duration at this intensity compared to week 1.

3.1.3. Number of Sessions per Week

There was a significant difference in the number of sessions performed each week
(χ2 (7) = 19.04, p = 0.007, W = 0.308). When compared to week 1, participants maintained
their training frequency until week 6, when frequency was reduced (Z = 2.32, p = 0.02,
ES = 0.88, median = 6.0 vs. 9.0). Training frequency was also reduced the week after the
competition, with week 7 being significantly different than week 1 (Z = 2.31, p = 0.02,
ES = 0.87, median = 5.0 vs. 9.0).

There was no difference in the number of swimming (χ2 (7) = 5.88, p = 0.553, W = 0.09)
and cycling sessions (χ2 (7) = 10.16, p = 0.180, W = 0.16) that were performed over the
8 weeks. However, the number of running sessions changed significantly (χ2 (7) = 16.82,
p = 0.019, W = 0.26), with a higher number of sessions on week 1 when compared to week
7 (Z = 1.98, p = 0.048, ES = 0.75, median = 3.0 vs. 1.0 sessions). The number of other types
of sessions performed throughout the 8 weeks did not change (χ2 (7) = 10.92, p = 0.142,
W = 0.17). Of the other sessions performed, only 1 participant performed some form
of cross training, with the rowing and paddling sessions included in the training load
calculations. Resistance training and yoga were the only other types of session that were
performed and were not included in the training load calculations.

3.2. Training Load, Training Monotony and Training Strain

Whilst training loads changed significantly over time (F(7, 56) = 3.971, p = 0.001,
η2 = 0.332), no differences were found between week 1 and the other weeks of training.
The average training load of the event was 1371.2 ± 248.2 A.U. To assess if the overall load
was reduced in the week of the event, the training load for week 6 was calculated with
and without the load from the event. Removing the competition load from the training
load calculations for week 6 did not lead to a significant difference between week 1 and
week 6. Training monotony changed significantly during the 8 weeks (χ2 (7) = 19.07,
p = 0.008, W = 0.30), with a significantly lower value for week 6 when compared to week
1 (Z = 2.54, p = 0.011, ES = 0.96, median = 1.0 vs. 0.6). Similarly, significant differences
over the 8 weeks were reported for training strain (χ2 (7) = 16.11, p = 0.024, W = 0.25), with
pairwise comparisons showing a higher training strain during week 1 when compared to
week 6 (Z = 2.42, p = 0.015, ES = 0.91, median = 2322.1 vs. 1403.8).

3.3. Self-Reported Measures of Health, Fatigue and Stress

No significant changes were reported for the DALDA questionnaire (χ2 (7) = 12.54,
p = 0.084, W = 0.224) and the Training Distress Scale (χ2 (7) = 9.01, p = 0.252, W = 0.16)
throughout the 8 weeks. For the REST-Q, no significant differences were found among
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responses at baseline, 48 h prior to the event, or two weeks after it (F(2, 14) = 0.803, p = 0.46,
η2 = 0.103).

For the Alberta Swim Fatigue and Health Questionnaire, weeks 6 and 7 presented
some of the lowest reports of negative health symptoms (i.e., cold, flu, upset stomach, not
feeling good overall), muscular aches and soreness and niggles. Symptoms were reported
every week by at least 40% of participants, and every week at least 2 participants reported
that they had to modify their training (Table 3).

Table 3. Descriptive athletes’ health status data according to the Alberta Swim Fatigue and Health
Questionnaire (n = 9).

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

Number of athletes who
reported aches and soreness 6 7 5 9 7 5 9 6

Number of athletes who
reported niggles 8 7 7 7 6 5 7 6

Number of athletes who
modified training 3 5 2 5 3 3 2 3

Correlation Analysis between Training Loads and Questionnaire Responses

No significant correlations were observed between training loads, monotony or strain
and participants’ responses to the DALDA or Training Distress questionnaire. Similarly, no
significant correlation was found between the time spent in either zone 2 or zone 3 and the
scores on each questionnaire.

4. Discussion

This study examined the training characteristics of recreational-level triathletes in the
6 weeks leading up to an Olympic distance triathlon and the 2 weeks after the event. The
participants in this study had a training frequency that ranged between 5 and 9 sessions
per week. The weekly training duration averaged 6.2 h per week from weeks 1 to 5, with
weeks 7 and 8 showing a decrease in training duration. Not considering the athletes’
Olympic distance triathlon, week 6 saw a significant reduction in training duration when
compared to week 1, with athletes averaging just under 3 h of training. These training
volumes are below what has been reported for 16 well-trained, but not elite triathletes,
who had a minimum weekly training volume of 10 h [6]. Compared to athletes training for
longer distance triathlons, the average weekly training volume was also lower, as previous
research has identified that recreational-level Ironman triathletes train on average 14.1 h
per week [7,8]. While these differences can be expected given the duration of the events
(Ironman vs. Olympic distance), it must be acknowledged that the difference can be in part
explained by the fact that data collected prospectively, such as in this study, can differ from
retrospective data, as in the above-mentioned study. Nevertheless, training volume in this
group of recreational triathletes was still larger than single mode recreational endurance
athletes, such as half-marathon and marathon runners [7,34], and cyclists with similar
years of experience as the athletes in this study [35].

Despite the importance of monitoring and reporting training volume, training loads
are more relevant as these can determine if an athlete is adapting to the training program,
assess fatigue and recovery status, and minimize the risks of non-functional overreaching,
injury and illness [15]. The average load (Figure 1) in the weeks prior to the competition
(2150.01 A. U., from weeks 1 to 5) is slightly higher than the average of 2000 A.U [6]
reported by a group of well-trained male triathletes completing a four-week progressive,
self-prescribed loading regime. While similar, the higher loads in the present study were
achieved despite a lower average weekly training volume, indicating that weekly sessions
were perceived to be performed at a higher intensity in this group of athletes. In addition,
some of the reported loads in the current study were surprisingly high. For example, Coutts
et al. [6] put a group of participants through a 4-week period of training overload designed
to lead to overreaching. Weekly training loads started at upwards of 3000 A.U, a value
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that was reached by 5 of the 9 participants in this study at least once during the 8 weeks.
One participant in this study also had a weekly load greater than what was reported by
Coutts et al. [6] during their second week of overload (3.884 A.U vs. 3.809 A.U).
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Figure 1. Average training loads (A.U) throughout the 8 weeks of training.

The training loads of the participants in this study were characterized by a high degree
of variability throughout the eight weeks, with no discernible pattern in the five weeks
leading up to the event. For the whole group, loads were reduced by 17% from week 1
to week 2 (2292.4 vs. 1911.2 A.U), only to increase by 27% (1911.2 vs. 2429.7) in week 3.
While loads were reduced by an average of 10% in weeks 4 and 5 (Figure 1), an analysis
of individual numbers confirms that large spikes in loads between weeks were frequent
(Supplementary Material). Indeed, all participants doubled their loads from the previous
week at least once throughout the study. As an example, one participant had a reduction
in load of 33% in week 3 compared to week 2 (1064.2 A.U and 1603.4 A.U, respectively),
followed by an increase of 122% in week 4 (2362.3 A.U), and a reduction of 60% in week 5
(948 A.U). These large variations in training loads can be detrimental to athletes’ health. An
association between training loads and injuries has been established, with large spikes in
loads linked to an increased chance of injury, with the risk potentially remaining elevated
for many weeks [36]. These spikes in load could also be related to an increased incidence
of banal infections, a potential early sign of non-functional overreaching [24].

Similar to what occurred with training loads, no pattern was seen in the changes
in training intensity distribution throughout the weeks of training (Figure 2). A high
variability in the percentage of time spent in each training zone throughout the training
program was also found. The only difference in TID found throughout the study was in the
amount of training that was performed in Zone 3. Due to the competition, the athletes spent
a greater amount of time in this intensity zone during week 6, and subsequently reduced
the amount of time training in this zone in the two weeks after the competition. In addition,
the athletes’ training intensity over the 8 weeks confirmed our initial hypothesis, with
participants’ training intensity distribution favoring higher intensity sessions. Particularly,
athletes spent an average of 47% of their training time in zone 1, with more than half of
training spent in zones 2 and 3 (25% and 28%, respectively). When the time spent in zones
2 and 3 is considered together, only 2 out of the 8 weeks had a greater amount of time in
zone 1 than in zones 2 and 3.
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Figure 2. Training intensity distribution based on 3-zone model across the 8 weeks of training.
(a) overall, (b) swimming, (c) cycling, (d) running. %Z1 = percent of time spent in zone 1, %Z2 = per-
cent of time spent in zone 2, %Z3 = percent of time spent in zone 3.
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The athletes’ TID varied for each discipline, with swimming having a higher per-
centage of training time in zone 1 when compared to cycling and running. As many
overuse injuries in triathlon are associated with cycling and running, particularly with the
performance of intense sessions [4], the high volume of training in zones 2 and 3 in these
disciplines could be cause for concern. For example, over the 8 weeks of training, the time
spent in zone 3 during cycling was higher than that in zone 1 in weeks 3 and 5. Similar
results were seen in the TID in running, where the amount of time spent in zone 3 was
higher than that in zone 1 in 3 of the 5 weeks prior to the competition.

This high volume of training spent at higher intensities can be detrimental to athletes’
performance. Improvements in endurance performance have been shown to be inversely
related to the time spent at threshold intensities [2,17], with previous research showing that
adaptations to training are related to the time spent in zone 1 (below the first ventilatory
threshold) [37]. In addition, too much training time in zone 2 (between the first and second
ventilatory thresholds) is also linked to symptoms of non-functional overreaching and
a higher incidence of injuries [3,4,13]. Furthermore, Seiler et al. [14] demonstrated that
training above the first ventilatory threshold (VT1), which demarcates the upper range
of zone 1, can significantly delay recovery. This is particularly troubling for sports where
training frequency can be high, such as triathlon, since it is possible that athletes would not
be fully recovered prior to the following session.

Nevertheless, despite the large spikes in training loads between weeks and a training
intensity distribution that favored higher intensities, contrary to our hypothesis, there
were no significant changes in the athletes’ fatigue and recovery status based on the
questionnaires that were used. Only two injuries were reported, with one being due to a
fall from the bike. However, high scores in the questionnaires, indicating a lack of recovery
or presence of negative health symptoms were seen even in weeks with lower training
loads. As recreational athletes struggle to maintain a balance between training and their
regular life commitments [18], it is possible that general stress has an even greater impact
on these athletes’ self-reported measures of fatigue, illness and health. Otter et al. [22]
reported that in a group of female endurance athletes (including five triathletes), recovery
was hindered throughout the year of training in moments when general stress was higher.
Further evidence also exists to support the notion that amateur triathletes have more
difficulty in dealing with stress than those at the elite level [38], and other studies [20,21]
have shown that for the general population, a cautious approach would be advisable when
engaging in strenuous exercise if under chronic stress.

Even though these athletes were apparently healthy according to standard measures of
fatigue, recovery and health (the DALDA, the TDS and the REST-Q), signs and symptoms
associated with excessive training and not enough recovery were evident. Particularly,
muscle soreness, aches and niggles were reported in the Alberta Swim Fatigue and Health
Questionnaire every week by at least 40% of the athletes, with 20% of them having to
modify their training on a weekly basis. This modification to training is similar to what
has been previously reported in the literature, with athletes often increasing the load in
another discipline when necessary [3]. While further research is needed to understand
these athletes’ approach to training, it is possible that the need to modify their training and
the participants’ approach to managing their complaints of muscle soreness, niggles and
aches could help in explaining the high variations in weekly training loads.

In summary, the results of this study show that the participants incurred no significant
changes in their health status in the 6 weeks prior to, or within two weeks after, competing
in an OD triathlon. This situation occurred in spite of the athletes not having appeared
to follow what is currently considered to be the ideal training practice for training for
endurance events. Certainly, recreational triathletes should attempt to minimize large
variations in training loads (as were reported for this group)-as such variations may have
negative consequences for health and performance [2,6,24]. Age-group triathletes may also
benefit from performing a higher proportion of their training at lower intensities (i.e., zone
1 in a 3-zone model), whilst limiting the volume of training that is accomplished above
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the first ventilatory threshold. In this group [2], performance improvements have been
associated with a higher training volume in zone 1 and a reduced volume of training in
zone 2. Doing high volumes of intense training sessions may also augment the risk of the
athlete sustaining overuse injuries [4,15]. We recognize that working with a coach might
lead to a reduction, on the part of the athlete, in the incidence of such training errors. We
acknowledge, however, that such errors may persist even when the athlete’s sessions are
prescribed by a coach, if he/she performs the training at a different intensity than that
which has been advocated [13].

Whilst this exploratory investigation has brought important information for coaches
and athletes to light, the results should be interpreted with caution. For example, the
small number of participants may partly explain why symptoms of fatigue were identified
by the Alberta Swim Fatigue Health Questionnaire, but not by the other self-reported
measures of health and fatigue that were implemented with them. Even though the
nine athletes in question all exhibited similar training patterns (i.e., large variations in
training loads and high volume of training being performed in intensity zones 2 and 3),
the sample size of this study also precludes the drawing of definitive conclusions from
it about recreational level triathletes as a whole. Previous research has also suggested
that subjective measures of training maladaptation can be associated with, and, ideally,
should be monitored alongside, objective measures [23]. Longer prospective longitudinal
studies, that involve more participants; and that assess both subjective and objective
measures of health, fatigue and performance, are needed if we are to better understand the
inter-relationships between training characteristics and health in recreational triathletes.

5. Conclusions

The cohort of age-group triathletes in this study presented a random pattern of training
throughout the 6 weeks prior to the competition, with large variations in training loads
between weeks, along with several sessions performed at higher intensities (zones 2 and
3). Such approach to training could lead to a greater incidence of injuries, lack of recovery
and reduced performance [2,4,14,24]. Nevertheless, no changes in the participants’ fatigue
and recovery status were found with the DALDA and TDS questionnaires. Still, this
information was captured by the Alberta Swim Fatigue and Health Questionnaire. It is
possible that training for a competitive event for some of the recreational athletes in this
group was a balancing act between the hours of training and general life. This corroborates
a recent study in which recreational endurance athletes, particularly triathletes, reported
their struggle to find the time to train [18] and how they felt the need to push beyond
their comfort levels to stimulate the desired adaptations. While such behaviors could
help explain the results seen in this study, further research should assess the training
characteristics of recreational athletes and seek to both understand the reasons behind
their training patterns, and how such training patterns impact the athletes’ health and
performance.
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Abstract: The aim of this study was to examine the exercise intensity during the swimming, cy-
cling, and running legs of nondraft legal, Olympic-distance triathlons in well-trained, age-group
triathletes. Seventeen male triathletes completed incremental swimming, cycling, and running tests
to exhaustion. Heart rate (HR) and workload corresponding to aerobic and anaerobic thresholds,
maximal workloads, and maximal HR (HRmax) in each exercise mode were analyzed. HR and
workload were monitored throughout the race. The intensity distributions in three HR zones for each
discipline and five workload zones in cycling and running were quantified. The subjects were then
assigned to a fast or slow group based on the total race time (range, 2 h 07 min–2 h 41 min). The mean
percentages of HRmax in the swimming, cycling, and running legs were 89.8% ± 3.7%, 91.1% ± 4.4%,
and 90.7% ± 5.1%, respectively, for all participants. The mean percentage of HRmax and intensity
distributions during the swimming and cycling legs were similar between groups. In the running
leg, the faster group spent relatively more time above HR at anaerobic threshold (AnT) and between
workload at AnT and maximal workload. In conclusion, well-trained male triathletes performed
at very high intensity throughout a nondraft legal, Olympic-distance triathlon race, and sustaining
higher intensity during running might play a role in the success of these athletes.

Keywords: multisport; endurance performance; intensity profile; swimming; cycling; running; heart
rate; aerobic threshold; anaerobic threshold; workload

1. Introduction

Triathlon is a multidisciplinary endurance sport consisting of swimming, cycling,
and running over a variety of distances [1]. The most common distances include the sprint
(25.75 km, ~1 h), half-Ironman (113 km, ~4–5 h), and Ironman (226 km, ~8–17 h), and the
most popular is the so-called Olympic distance (OD), consisting of standard distances for
swimming (1.5 km), cycling (40 km), and running (10 km), for a total of 51.5 km. Scientific
interest in the triathlon has significantly increased since the introduction of the 51.5-km
race in the 2000 Summer Olympics, held in Sydney [2]. The total competition time of
the OD race ranged from about 1 h 50 min to 2 h 40 min, with swimming accounting
for 16%–19% (20–30 min), cycling of about 50%–55% (60–80 min), and running around
29%–31% (30–50 min) [3,4].

It is necessary to discern the physiological response and requirements during competi-
tion to optimize training and recovery, and to identify factors associated with performance.
The efficient transition between two sequential legs of the triathlon has received consid-
erable attention, e.g., the swim–cycle [5,6] and cycle–run [7,8] transitions have been well
studied. Additionally, previous studies have assessed the acute consequences induced by
the OD race, which include muscle [9,10] and intestinal damage [9], muscle fatigue [10],
dehydration (>2%–4% body mass due to high sweat rates and high core temperatures,
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i.e., >39 ◦C) [11,12], systemic inflammation [13], transient immune suppression [14], re-
duced pulmonary diffusing capacity [15], and decreased aerobic exercise capacity [16,17].

Although a large number of studies have investigated the physiological responses
and acute consequences of multidisciplinary and endurance sporting events, relatively few
have addressed the sustained exercise intensity encountered during an actual OD race.
Oxygen consumption (

.
VO2) and blood lactate concentration (BLa) are two of the main

parameters used to quantify exercise intensity [18]. However, it is difficult to measure
these variables during actual competition. Over the past two decades, heart rate (HR),
as a marker of internal load, has been used to estimate exercise intensity [19,20], by re-
lating individual competition HR values measured in the field with those obtained in a
laboratory incremental test [20–22]. In addition, the combination of internal load (HR)
and external load (workload, i.e., speed and power output (PO)) can provide important
information about the physiological demands during endurance events [19]. Thus, knowl-
edge of exercise intensity profiles based on internal and external loads can facilitate greater
comprehension of the physiological demands of the OD triathlon.

Studies investigating exercise intensity during an actual OD race are sparse. Accord-
ing to Bernard et al. [21], the mean relative HR and workload of elite triathletes during
cycling in OD race were 91% ± 4% of the maximal heart rate (HRmax) and 60% ± 8% of the
maximal aerobic power (MAP), although these measurements were not reported during the
swimming and running legs. A study conducted by Le Meur et al. [22] of the mean relative
HR and workload during an OD race in relation to the individual metabolic capacities of
elite triathletes assessed at each exercise mode (i.e., swimming, cycling, and running) re-
ported 91%–92% of HRmax for swimming, 90%–91% of HRmax and 61.4%–63.4% of MAP for
cycling, and 93%–94% of HRmax for running. However, the cohorts of these studies [21,22]
were limited to elite triathletes. While elite triathletes compete in draft legal cycling,
in which a competitor is permitted to draft within a sheltered position behind another,
nonelite or age-group triathletes usually compete in nondraft legal racing. Drafting directly
affects exercise intensity by reducing

.
VO2 (−14%) and HR (−7%), as compared to nondraft

cycling with the same external load (speed) by triathletes [23]. Hence, it is necessary to
distinguish between draft legal and nondraft legal races. To the best of our knowledge,
only two studies have reported the exercise intensity sustained during actual nondraft
legal OD races [24,25]. However, these were limited by reporting the absolute values of
both HR (bpm) and workload (swimming speed, km·h−1; cycling PO, W; and running
speed, km·h−1) [24] or the relative HR, but not workload, during cycling and running
(not swimming), similar to an OD race (swimming:, 1.0 km; cycling, 30 km; and running,
8 km) [25]. Therefore, no study to date has investigated the relative exercise intensity
sustained and the distribution of intensity during the entire duration of an actual nondraft
legal OD race.

Furthermore, in other endurance events, there is an obvious tendency toward reduced
relative intensity in relation to increased race duration. In ultra-endurance events of
more than 8 h, such as the Ironman triathlon [26] and the 65-km run of a mountain ultra-
marathon [27], the relative intensity during competition was lower than the ventilatory
threshold (VT) and 80% of the HRmax. Hence, these intensities have been proposed as
an “ultra-endurance threshold” [6]. In the 42-km marathon (~2.5–5 h), the mean relative
HR is reportedly around 80%–90% of HRmax [28,29], which is similar to the HR at VT [30].
During a shorter event, such as a 5–10 km running (~15–55 min), the mean HR values are
reportedly higher (~90–96% of HRmax) [28]. On the other hand, the relative intensity that
can be sustained during an endurance race may also be related to differences in performance
levels [31,32]. Thus, even among triathletes, the relative intensity during an OD triathlon
could also differ, depending on the exercise duration and/or performance level.

Therefore, the aim of this study was (i) to estimate, using competition HR and work-
load data, the relative exercise intensity in all three disciplines during a nondraft legal OD
race in well-trained, age-group triathletes, and (ii) to compare the estimated intensity of
fast and slow triathletes. We hypothesized that triathletes would maintain a high level of

97



Sports 2021, 9, 18

intensity throughout the race, and that faster triathletes could perform the race at higher
relative intensity than slower triathletes.

2. Materials and Methods
2.1. Study Design

This study was conducted in two phases consisting of laboratory tests and during-race
monitoring. The laboratory tests included an incremental swimming test, an incremental
cycling test, and an incremental treadmill running test, which were performed randomly
and separated by a minimum of 2 days and maximum of 20 days. Competition measure-
ments of each participant were conducted during the OD race with a nondraft legal cycling
leg and were timed as close as possible to all laboratory tests (mean ± standard deviation,
45 ± 26 days).

2.2. Subjects

The study cohort consisted of 17 well-trained, age-group male triathletes (Table 1)
who met the following inclusion criteria: (1) regular training of at least five sessions per
week for a triathlon competition; (2) not suffering from any present injury, which could
have possibly hampered their performance, and nonsmokers; and (3) a minimum of one
year of experience competing in triathlons. The median time for completion of the OD
race based on pooled data was 2:16:13 h:min:s. The subjects were split into two groups
according to the total time of the OD race. Participants with times not less than 2:16:13
were assigned to the faster group and those with times greater than 2:16:13 was assigned
to the slower group. The study protocol was approved by the Ethics Committee of the
University of Tsukuba (project identification code: Tai 30–24) and conducted in accordance
with the ethical principles for medical research involving human subjects as described in
the Declaration of Helsinki. All subjects provided written informed consents to participate
in the study.

Table 1. Characteristics and Olympic-distance race times of the faster and slower groups.

All
(N = 17)

Faster
(n = 9)

Slower
(n = 8)

Subject characteristics

Age (yr) 23.1 ± 6.7 24.3 ± 8.4 21.6 ± 4.2
Height (cm) 173.8 ± 5.9 174.2 ± 5.2 173.4 ± 7.0
Mass (kg) 65.1 ± 5.5 64.9 ± 6.1 65.3 ± 5.2

Body Fat (%) 10.3 ± 1.7 9.8 ± 1.4 10.9 ± 1.9
BMI 21.5 ± 1.1 21.4 ± 1.5 21.7 ± 0.3

Triathlon experience (yr) 4.1 ± 6.1 5.4 ± 8.1 2.6 ± 2.4

Olympic-distance race times

Swimming (h:min:s) 0:26:28 ± 0:04:01 0:23:34 ± 0:01:49 0:29:45 ± 0:03:10 **
Cycling (h:min:s) 1:10:33 ± 0:02:53 1:08:54 ± 0:02:19 1:12:25 ± 0:02:19 *
Running (h:min:s) 0:42:49 ± 0:04:39 0:39:57 ± 0:02:14 0:46:02 ± 0:04:37 **

Total (h:min:s) 2:19:50 ± 0:09:38 2:12:24 ± 0:02:54 2:28:12 ± 0:07:11 **
Values are means ± SD. N, number of subjects; BMI, body mass index. The nonparametric Mann–Whitney U test
was used to detect statistically significant differences between the groups. * p < 0.05; ** p < 0.01.

2.3. Laboratory Tests

The subjects were instructed to refrain from consuming caffeine and alcohol and from
heavy training on the day before the tests, as well as to consume a light meal at least 3 h
before each laboratory test. During the 3-h period preceding the tests, only ad libitum
water ingestion was permitted. During all laboratory tests, HR was collected via a HR
monitor (HRM-Tri; Garmin Ltd., Olathe, KS, USA) across the chest with sampling at 1 Hz.
Body mass was measured with a body fat monitor scale (TBF-102; Tanita, Tokyo, Japan)
before the cycling and running tests.
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2.3.1. Incremental Swimming Test

The subjects completed a two-part test consisting of a submaximal intermittent test
and a maximal incremental test that were performed in a swimming flume at a con-
stant water temperature of 25.8 ± 0.8 ◦C. The subjects wore their own technical trisuits,
standard swimming caps, and goggles throughout the incremental swimming test. The sub-
maximal intermittent test was performed first. The swimming speed of the submaximal
intermittent test was individualized according to the average swimming speed of the
most recent 1500-m time trial (S1500) of each triathlete. The speed for the initial stage was
70% of S1500 and increased by 5% at each subsequent stage for a total five to seven stages,
each consisting of 4 min of exercise and 2 min of rest. Before the test and after each stage,
blood samples were obtained from the fingertip and the BLa was measured with a lactate
analyzer (Lactate Pro 2; Arkray, Inc., Kyoto, Japan). The submaximal intermittent test was
concluded when the BLa exceeded 4.0 mmol·L−1 or the rate of perceived exertion was ≥15.
Following a 5-min recovery period after the submaximal intermittent test, the maximal
incremental test was performed. The initial speed was set at that of the next to last stage of
the submaximal intermittent test and then was increased by 0.03 m·s−1 every minute until
volitional exhaustion, which was defined as the point at which the subject could no longer
swim at the required speed.

2.3.2. Incremental Cycling Test

The maximal incremental test was performed on an electronically braked, indoor cycle
trainer (CompuTrainer Pro; RacerMate Inc., Seattle, WA, USA), which allowed the subjects
to use their own bicycles, at a constant room temperature of 25.2 ± 1.2 ◦C, relative humidity
of 40.4% ± 8.3%, and barometric pressure of 755.4 ± 3.5 mmHg with an electric fan ensuring
air circulation around the participant. The maximal incremental test was performed
following a 5-min warm-up period (100 W) and a 5-min recovery period. The initial
workload was set at 100 W and then increased by 20 W·min−1 and cadence was maintained
at 80 or 90 rpm in accordance with race cadence of the individual until volitional exhaustion,
which was defined as <75 or 85 rpm (i.e., a decrease of 5 rpm as compared with the cadence
of the sustained during test) continuously for 5 s. To determine the PO during the test,
which was used for analysis, the bicycles were fitted with calibrated power measuring
pedals (Garmin Ltd.) at a sampling rate of 1 Hz.

2.3.3. Incremental Treadmill Running Test

The maximal incremental test was performed on a motorized treadmill (ORK-7000;
Ohtake-Root Kogyo Co., Ltd., Iwate, Japan) at a grade of 1% to accurately reflect the
energetic cost of outdoor running [33] following a 5-min warm-up period (9.0 km·h−1)
and a 5-min recovery period. The experimental environmental conditions were similar
to those of the incremental cycling test. The initial speed was set at 9.0 km·h−1 and then
increased by 0.6 km·h−1 every minute until volitional exhaustion, which was defined as
the inability of the subject to continue running at the required speed. The treadmill belt
speed, which was used for analysis, was measured with a hand-held tachometer (EE-1B;
Nidec-Shimpo Corporation, Kyoto, Japan).

2.4. Gas Analysis

During the incremental cycling and treadmill running tests,
.

VO2, carbon dioxide
production (

.
VCO2), minute ventilation (

.
VE), ventilatory equivalent of oxygen (

.
VE/

.
VO2)

and carbon dioxide (
.

VE/
.

VCO2), end-tidal partial pressure of oxygen (PETO2) and carbon
dioxide (PETCO2), and respiratory exchange ratio (RER) were measured on a breath-by-
breath basis using a computerized standard open circuit technique with a metabolic gas
analyzer (AE-310s; Minato Medical Science Co., Ltd., Osaka, Japan).

Before both tests, the metabolic system was calibrated using known gas concentrations
and a 2-L syringe in accordance with the manufacturer’s instructions. Maximal

.
VO2
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(
.

VO2 max), which was defined as the highest 1-min rolling average (20-s × 3), was attained
when at least two of the following four criteria were met: (1) a leveling-off of

.
VO2 despite an

increase in PO or running speed, (2) peak RER ≥ 1.10, (3) peak HR ≥ 90% of age-predicted
values, and (4) perceived exertion score at the end of the tests of ≥19. The gross efficiency
during cycling was calculated as described in a previous study [34]. The running economy
was expressed as the O2 cost (ml·kg−1·km−1) and was calculated based on the last 1-min
.

VO2 while running for 5 min (9.0 km·h−1) [35].

2.5. Determination of Aerobic and Anaerobic Thresholds, and Maximal Workload

The predicted swimming speed and HR at both the lactate threshold (LT) and the
onset of blood lactate accumulation (OBLA) of 4 mmol·L−1 were calculated using validated
software (Lactate-E [36], version 2.0, National University of Galway, Galway, Ireland) based
on the BLa, swimming speed, and HR collected during the incremental swimming test.

VT during cycling and running was determined using the criteria of an increase in
both

.
VE/

.
VO2 and PETO2 with no increase in

.
VE/

.
VCO2, whereas the respiratory compen-

sation point (RCP) was determined using the criteria of an increase in both
.

VE/
.

VO2 and
.

VE/
.

VCO2, and a decrease in PETCO2 [37,38]. Two independent observers determined the
VT and RCP for cycling and running. Any disagreement was mediated by the opinion of
a third investigator [39].

Based on previous studies [40,41], the LT obtained from the swimming test and
the VT obtained from the cycling and the treadmill running tests were defined as the
“aerobic threshold” (AeT), while the OBLA of 4 mmol·L−1 obtained from the swimming
test and the RCP obtained from cycling and running test were defined as the “anaerobic
threshold” (AnT).

Maximal swimming speed (SSmax) and maximal running speed (RSmax) were deter-
mined by the last stage of the maximal incremental test. When the subject was unable to
complete 1 min at the current workload, the maximal workload was determined by adding
a fraction of the final workload to the workload of the immediately preceding 1 min [42].
Maximal PO (POmax) was determined as the highest 20-s rolling average attained during
the incremental cycling test. These three variables were collectively referred to as the
“maximal workload”.

2.6. Competition Measurements

The OD races were nonunified between each individual because of the difficulty of
securing a sufficient sample size among the participants of the same race. The distance
of each OD race was the same and consisted of swimming for 1.5 km, cycling for 40 km,
and running for 10 km. During all races, the subjects wore a HR monitor (HRM-Tri) across
the chest with sampling at 1 Hz. Also, the subjects wore waterproofed portable global
navigation satellite system (GNSS) units (ForeAthlete 920XT; Garmin Ltd., Olathe, KS,
USA) on the wrist with sampling at 1 Hz to determine the speed throughout the race.
To determine cycling PO during the race, the bicycles were fitted with calibrated power
measuring pedals (Garmin Ltd.) set at a sampling rate of 1 Hz. Following completion of
each race, performance times were obtained from official websites of the event. Air tem-
perature, relative humidity, wind speed, and barometric pressure were obtained from the
local meteorological agency within 1 h of the start of the race. Water temperature was
measured with a water temperature gauge (CTH-1365; Custom Corporation, Tokyo, Japan)
before the start of the race. Cumulated positive elevation during cycling and running was
obtained from the GNSS units. The elevation to distance ratio was calculated by dividing
the cumulated positive elevation by 40 (km, for cycling) or 10 (km, for running).

2.7. Exercise Intensity Zone Settings

Based on the HR measurements, the total time of each leg of the OD race was divided
into three intensity zones based on the results of the laboratory tests in the corresponding
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exercise mode. The percentage of time spent in each zone was calculated as follows:
less than AeT (HRzone1), between AeT and AnT (HRzone2), more than AnT (HRzone3) [43,44].
Similar analysis of the PO measurements in the cycling leg [22,45] was also conducted:
below 10% of POmax (POzone1), between 10% of POmax and AeT (POzone2), between AeT
and AnT (POzone3), between AnT and POmax (POzone4), and above POmax (POzone5).
In addition, using the average running speed (RS) at each 100 m in the running leg,
an analysis similar to that for PO distribution was conducted based on the incremental
running test results, rather than the incremental cycling test results.

2.8. Data Analysis

HR, PO, and speed obtained from the GNSS units were recorded with the GNSS
units (Garmin Ltd.). The obtained data were exported to third party, open-source analysis
software (Golden Cheetah, version 3.4, http://www.goldencheetah.org/), and further
analysis was performed using Microsoft Excel software (version 2019, Microsoft Corpo-
ration, Redmond, WA, USA). Expired gas data were averaged across 20-s intervals using
internal gas analysis software (version 3STG, AT Windows; Minato Medical Science Co.,
Ltd., Osaka, Japan), and exported to a.csv file. Further analysis was performed using
Microsoft Excel 2019 software.

2.9. Statistical Analysis

All results are presented as the mean ± standard deviation unless otherwise indicated.
Normal distribution of the data was tested using the Kolmogorov–Smirnov test. The non-
parametric Mann–Whitney U test was used to detect statistically significant differences
between groups. The effect size (ES) was evaluated as r (with 0.1 considered to be a small,
0.3 a medium, and 0.5 a large effect [46]). All statistical analyses were conducted using IBM
SPSS Statistics version 26 (IBM Japan, Tokyo, Japan). A probability (p) value of ≤0.05 was
considered statistically significant.

3. Results

The competition measurement data of the OD race were corrected from 10 races
conducted in 2018 or 2019. The environmental conditions during the OD races are shown
in Table 2. There were no significant differences observed between the two groups (all,
p ≥ 0.16; ES = 0.04–0.35). During the swimming leg of the race, most of the subjects
wore their own wetsuits, with the exception one subject in each group who exercised
in nonwetsuits.

The results of the three incremental tests of each exercise mode are summarized in
Table 3. The faster group (n = 9) was superior to the slower group (n = 8) in speed at
AeT and AnT and SSmax for the swimming test (p < 0.01, respectively, ES = 0.68–0.76),
and PO at AeT (p = 0.04, ES = 0.51), POmax (p = 0.03, ES = 0.53), and

.
VO2 max (L·min−1

and ml·kg−1·min−1, p = 0.01 and < 0.01, respectively, ES = 0.61, 0.72, respectively) for the
cycling test. However, there were no significant differences in the treadmill running test
results between groups (all, p ≥ 0.14; ES = 0.00–0.36).

3.1. Laboratory Tests

The subjects were instructed to refrain from consuming caffeine and alcohol and from
heavy training on the day before the tests, as well as to consume a light meal at least 3 h
before each laboratory test. During the 3-h period preceding the tests, only ad libitum
water ingestion was permitted. During all laboratory tests, HR was collected via a HR
monitor (HRM-Tri; Garmin Ltd., Olathe, KS, USA) across the chest with sampling at 1 Hz.
Body mass was measured with a body fat monitor scale (TBF-102; Tanita, Tokyo, Japan)
before the cycling and running tests.
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Table 2. Environmental conditions during the Olympic-distance race of the faster and slower groups.

All
(N = 17)

Faster
(n = 9)

Slower
(n = 8)

Overall

Air temperature (◦C) 21.6 ± 3.7 20.9 ± 3.6 22.3 ± 3.9
Relative humidity (%) 64.3 ± 17.0 58.6 ± 15.2 70.0 ± 17.7
Wind speed (m·s−1) 3.5 ± 1.0 3.4 ± 0.9 3.6 ± 1.1
Barometric pressure

(mmHg) 759.1 ± 7.1 760.8 ± 6.1 757.4 ± 8.1

Swimming

Water temperature (◦C) 20.3 ± 3.3 21.3 ± 3.1 20.1 ± 3.7

Cycling

Cumulated positive
elevation (m) 173.7 ± 115.6 147.8 ± 134.2 202.8 ± 90.3

Elevation to distance ratio
(m·km−1) 4.3 ± 2.9 3.7 ± 3.4 5.1 ± 2.3

Running

Cumulated positive
elevation (m) 37.7 ± 31.3 28.7 ± 20.6 47.8 ± 39.2

Elevation to distance ratio
(m·km−1) 3.8 ± 3.1 2.9 ± 2.1 4.8 ± 3.9

Values are means ± SD. N, number of subjects. No significant differences were observed between the groups
(p < 0.05).

Table 3. Laboratory measurements of swimming, cycle ergometry, and treadmill running of the faster
and slower groups.

All
(N = 17)

Faster
(n = 9)

Slower
(n = 8)

Swimming

Speed at AeT (m·s−1) 0.88 ± 0.14 0.98 ± 0.10 0.78 ± 0.10 **
Speed at AnT (m·s−1) 0.93 ± 0.13 1.02 ± 0.10 0.84 ± 0.09 **

SSmax (m·s−1) 1.07 ± 0.13 1.16 ± 0.09 0.96 ± 0.08 **
HR at AeT (bpm) 138 ± 17 142 ± 15 135 ± 19
HR at AnT (bpm) 150 ± 13 149 ± 10 151 ± 18

HRmax (bpm) 185 ± 9 186 ± 9 182 ± 10
%HRmax at AeT (%) 74.8 ± 6.7 76.0 ± 6.8 73.6 ± 6.7
%HRmax at AnT (%) 81.2 ± 6.0 80.0 ± 4.8 82.5 ± 7.2

Cycling

PO at AeT (W) 190 ± 32 203 ± 28 176 ± 33 *
PO at AnT (W) 252 ± 33 263 ± 32 239 ± 31

POmax (W) 343 ± 34 359 ± 34 325 ± 24 *
HR at AeT (bpm) 136 ± 15 140 ± 16 132 ± 14
HR at AnT (bpm) 156 ± 13 158 ± 16 154 ± 10

HRmax (bpm) 183 ± 8 183 ± 9 182 ± 7
%HRmax at AeT (%) 74.7 ± 6.5 76.6 ± 6.3 72.6 ± 6.5
%HRmax at AnT (%) 85.6 ± 5.0 86.5 ± 6.2 84.6 ± 3.4

.
VO2 max (L·min−1) 3.8 ± 0.4 4.0 ± 0.3 3.6 ± 0.3 *

.
VO2 max

(ml·kg−1·min−1)
58.7 ± 5.9 62.4 ± 4.7 54.5 ± 3.9 **

%
.

VO2 max at AeT (%) 63.7 ± 7.9 64.7 ± 5.5 62.6 ± 10.2

%
.

VO2 max at AnT (%) 80.8 ± 6.2 81.2 ± 7.5 80.3 ± 4.8
GE (%) 21.3 ± 1.4 21.3 ± 1.2 21.3 ± 1.6
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Table 3. Cont.

All
(N = 17)

Faster
(n = 9)

Slower
(n = 8)

Running

Speed at AeT
(km·h−1) 12.2 ± 1.2 12.6 ± 1.0 11.9 ± 1.3

Speed at AnT
(km·h−1) 14.5 ± 1.5 14.9 ± 0.9 14.1 ± 2.0

RSmax (km·h−1) 17.5 ± 1.0 17.8 ± 0.7 17.1 ± 1.2
HR at AeT (bpm) 154 ± 10 153 ± 13 155 ± 8
HR at AnT (bpm) 171 ± 13 171 ± 13 172 ± 12

HRmax (bpm) 192 ± 9 190 ± 9 194 ± 9
%HRmax at AeT (%) 80.1 ± 4.0 80.3 ± 4.6 79.8 ± 3.5
%HRmax at AnT (%) 89.1 ± 4.4 89.6 ± 3.9 88.5 ± 5.1

.
VO2 max (L·min−1) 3.9 ± 0.4 4.0 ± 0.4 3.8 ± 0.4

.
VO2 max

(ml·kg−1·min−1)
60.4 ± 4.4 62.2 ± 2.8 58.5 ± 5.3

%
.

VO2 max at AeT (%) 72.2 ± 6.1 71.8 ± 5.5 72.8 ± 7.0

%
.

VO2 max at AnT (%) 86.9 ± 6.2 86.2 ± 3.9 87.6 ± 8.3
Running economy
(ml·kg−1·km−1) 217 ± 14 217 ± 9 216 ± 18

Values are means ± SD. N, number of subjects; AeT, aerobic threshold; AnT, anaerobic threshold; SSmax, Maximal
swimming speed; HR, heart rate; HRmax, maximal heart rate; PO, power output; POmax, Maximal power output,
.

VO2 max, maximal oxygen uptake; GE, gross efficiency; RSmax, Maximal running speed. * p < 0.05; ** p < 0.01.
See text for explanations of AnT and AeT in each exercise mode.

3.2. Exercise Intensity of Each Leg

The mean exercise intensity of each leg of the OD race is shown in Table 4. The overall
mean absolute workload was 1.03 ± 0.18 m·s−1 for swimming, 209.6 ± 24.3 W for cycling,
and 14.1 ± 1.4 km·h−1 for running. The absolute workload was greater in the faster group
than the slower group for swimming (1.14 ± 0.18 vs. 0.92 ± 0.09 m·s−1, respectively,
p < 0.01, ES = 0.68) and running (14.9 ± 0.8 vs. 13.2 ± 1.4 km·h−1, respectively, p = 0.02,
ES = 0.58). The absolute workload for cycling was also greater in the faster group than the
slower group, although the difference was not significant (p = 0.06, ES = 0.47). The mean
relative HR of all participants was 89.8% ± 3.7% of HRmax for swimming, 91.1% ± 4.4% of
HRmax for cycling, and 90.7% ± 5.1% of HRmax for running. There were no differences in
mean relative HR between groups for swimming and cycling (p = 0.25 and 0.07, respectively,
ES = 0.28, 0.44, respectively). However, the relative HR for running of the faster group
was greater than that of the slower group (p < 0.01, ES = 0.65). The relative workloads and
absolute HR values of each leg are shown in Table 4.

The absolute workloads and relative HR values (i.e., % of HRmax) of each leg during
the OD race of all participants are shown in Figure 1. The average AeT, AnT, and maximal
values of each laboratory test of each leg are shown for visual reference. The mean workload
value shifted above workload at AnT in swimming, between workload at AeT and AnT in
cycling, and slightly below workload at AnT, with the exception of the beginning and end
of the leg, in running. The mean relative HR value remained above HR at AnT throughout
the race.

3.3. Exercise Intensity Distribution during the Race

During the swimming, cycling, and running legs of the OD race, the HR distribution of
all participants was 1.5% ± 2.3%, 2.8% ± 8.0%, and 4.1% ± 10.6% in HRzone1, 6.6% ± 15.0%,
18.4% ± 24.0%, and 39.9% ± 38.5% in HRzone2, and 91.9% ± 16.3%, 78.8% ± 28.1%,
and 56.0% ± 42.1% in HRzone3, respectively. There were no significant differences in HR
distribution between groups in the swimming and cycling legs (all, p ≥ 0.20; ES = 0.14–0.32;
Figure 2). In running, however, the slower group had a higher percentage in HRzone2
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(65.4% ± 35.0% vs. 17.3% ± 25.9%, p = 0.02, ES = 0.58) and a lower percentage in HRzone3
(26.2% ± 36.4% vs. 82.4% ± 26.6%, p = 0.01, ES = 0.60) as compared to the faster group
(Figure 2).

The PO distribution of all participants was 5.8% ± 3.2% in POzone1, 30.0% ± 18.1% in
POzone2, 36.3% ± 17.2% in POzone3, 22.8% ± 11.1% in POzone4, and 5.1% ± 2.8% in POzone5,
respectively. There were no significant differences in PO distribution between the two
groups (all, p ≥ 0.14; ES = 0.09–0.35; Figure 3A). The RS distribution of all participants was
0.0% ± 0.0% in RSzone1, 8.7% ± 12.5% in RSzone2, 52.1% ± 28.9% in RSzone3, 38.8% ± 31.0%
in RSzone4, and 0.5% ± 0.7% in RSzone5, respectively. As compared to the slower group,
the faster group had a higher percentage only in RSzone4 (53.8% ± 31.7% vs. 21.9% ± 20.6%,
p = 0.04, ES = 0.50) (Figure 3B).

Table 4. Mean absolute HR, mean relative HR, mean absolute workload, and mean relative workload
of the faster (n = 9) and slower (n = 8) groups.

Group Swimming Cycling Running

Absolute workload a
All (N = 17) 1.03 ± 0.18 210 ± 24 14.1 ± 1.4

Faster (n = 9) 1.14 ± 0.18 221 ± 26 14.9 ± 0.8
Slower (n = 8) 0.92 ± 0.09 ** 197 ± 15 13.2 ± 1.4 *

Relative workload
(%maximal workload)

All (N = 17) 96.6 ± 8.8 61.3 ± 5.2 80.5 ± 4.9
Faster (n = 9) 97.8 ± 10.0 61.5 ± 5.5 83.4 ± 2.9
Slower (n = 8) 95.2 ± 7.7 61.0 ± 5.2 77.2 ± 4.5 *

Absolute HR (bpm)
All (N = 17) 166 ± 12 166 ± 9 174 ± 9

Faster (n = 9) 170 ± 13 170 ± 7 179 ± 7
Slower (n = 8) 162 ± 11 162 ± 8 169 ± 9 *

Relative HR
(%HRmax)

All (N = 17) 89.8 ± 3.7 91.1 ± 4.4 90.7 ± 5.1
Faster (n = 9) 90.9 ± 3.1 93.1 ± 4.3 94.0 ± 2.2
Slower (n = 8) 88.6 ± 4.1 89.0 ± 3.7 87.0 ± 5.1 **

Values are means ± SD. N, number of subjects; HR, heart rate; HRmax, maximal heart rate. * p < 0.05; ** p < 0.01.
a Swimming, speed (m·s−1); Cycling, power output (W); Running, speed (km·h−1).Sports 2021, 9, x FOR PEER REVIEW 10 of 18 
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Figure 1. Profile of the percentage of maximal heart rate (%HRmax) and absolute workload (swim-
ming speed, cycling power output, and running speed) in each leg during Olympic-distance races
(N = 17). Upper figures: mean %HRmax at AeT (dotted line), %HRmax at AnT (dashed line),
and HRmax (solid line). Lower figures: mean workload at AeT (dotted line), workload at AnT
(dashed line), and maximal workload (solid line). See text for explanations of AeT, AnT, and maximal
workload in each exercise mode.
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Figure 3. Time percentage in five intensity zones based on power output (PO, A) in the cycling leg and running speed (RS,
B) in the running leg during Olympic-distance races in the faster (n = 9) and slower (n = 8) groups. No significant differences
were observed between the groups in each POzone in the cycling leg (p > 0.05). * p < 0.05 in RSzone4 in the running leg.
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4. Discussion

To the best of our knowledge, this study is the first to evaluate the relative exercise
intensity of well-trained, age-group male triathletes at two performance levels according to
the principle of test specificity in all disciplines during a nondraft legal OD race. The main
findings of this study were as follows: (1) Well-trained, age-group male triathletes who
completed the nondraft legal OD at a mean time (h:min:s) of 2:19:50 ± 0:09:38 (range,
2:07:16–2:41:07) demonstrated a high percentage of HRmax (87% of HRmax~) throughout all
three legs; (2) Faster triathletes had shorter times in all three legs with higher absolute work-
loads, but differences in relative intensity and intensity distribution were observed only in
the running leg, as faster triathletes sustained higher intensity than slower triathletes.

4.1. Laboratory Tests and OD Triathlon Performance

The total performance times of the OD race in this study were close to those ob-
tained in other studies with similar well-trained triathletes [47], but shorter than a study
of recreational triathletes [48]. It is well known that successful endurance athletes are
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characterized by high levels of maximal (
.

VO2 max and maximal workload) and submaximal
(aerobic/anaerobic threshold and economy/efficiency) measures [49,50]. In the present
study, the times to complete the swimming (−20.8%) and cycling (−4.9%) legs in an actual
OD race were significantly shorter for the faster group in association with superior maximal
and submaximal measures in the incremental swimming and cycling tests, as compared
with the slower group. However, the time to complete the running leg was significantly
shorter for the faster group (−13.2%), while there was no significant difference in any
parameters in the incremental running test between the groups. These results suggest that
the differences in swimming and cycling performance between the two groups were highly
dependent on aerobic capacities, as assessed by specific incremental tests for each of the
exercise modes. However, the difference in running performance between the two groups
may have been due to factors other than aerobic capacities, as assessed by the incremental
treadmill running test in this study. A review article [7] pointed out that the relationship
between aerobic capacity measured separately in each leg and triathlon performance was
not as high as in the respective single sports. A possible explanation for this finding may be
that prior exercise affected the strength of the correlation between physiological variables
specific to one discipline and performance in it under conditions characteristic of a triathlon
competition [7,51].

4.2. Exercise Intensity during the Race

In the swimming leg, the mean relative intensities and the distribution of HR within
the three intensity zones were similar between groups (Figure 2, Table 4). The mean relative
HR of all participants was 89.8% of HRmax, which is comparable to previous reports of elite
triathletes (91%–92% of HRmax) [22]. Surprisingly, the same level of relative HR (91.5% of
HRmax) was reported in the Ironman swimming leg (3.8 km, ~1 h) [52]. Although there
is an obvious tendency toward reduced relative intensity with relation to increased race
duration [20,28], this relationship may not necessarily be linear in triathlon swimming.
Wu et al. [24] compared absolute exercise intensities across the three triathlon races (sprint,
Olympic, and half-Ironman distance) performed by the same triathletes and found no
differences in mean speed across the races despite differences in swimming duration
(range, approximately 0:11:00–0:30:00 h:min:s). Therefore, relative intensity is considered
comparable across the three triathlon races. Taken together, there might be little difference
in relative intensities during the swimming leg at different performance levels and different
race durations (~1 h). However, it is unclear whether about 90% of HRmax is the upper
limit of sustainable intensity during triathlon swimming or if intensity is controlled based
on anticipation of the longer duration of exercise following the swimming leg.

A visual inspection of the relative HR profile (Figure 1) suggests that the HR remained
above HR at AnT throughout the swimming leg, as most of the leg was performed in
HRzone3 (more than AnT), and the time spent in HRzone1 (less than AeT) was negligible
(Figure 2), because HRzone1 was held only during the initial phase of the start of the race,
when the triathletes began accelerating from the starting line. This is in agreement with
a previous study demonstrating the HR distribution during 10-km cross-country skiing [19],
during which the exercise duration (mean race time, 0:25:47 h:min:s) was comparable to
the swimming leg in the present study (mean swimming time, 0:26:28 h:min:s).

Despite the stability of relative HR, large fluctuations above the AnT line were ob-
served in the relative workload (Figure 1), which could be due to the influence of environ-
mental factors. In open water swimming, the water conditions and tides can considerably
affect absolute swimming speed and, therefore, relative swimming speed, even if the same
relative HR is maintained.

In the cycling leg, all of the indicators of relative intensity were similar between
groups (Figures 2 and 3A, and Table 4). The mean relative HR of all participants was
91.1% of HRmax. This value was nearly equal to those reported for elite triathletes during
draft legal races (90%–92% of HRmax) [21,22] and clearly higher than those reported for
ironman triathletes (83% of peak HR) [26]. This value was slightly lower than the those
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reported for nonelite triathletes with comparable
.

VO2 max as the subjects in the present
study (60.6 vs. 58.7 mL·kg−1·min−1, respectively) during nondraft legal short-course races
(94.1% HRmax) [25], which may be partly due to some difference in the race distance of the
cycling leg accompanied by differences in exercise duration between studies; i.e., the race
distance and exercise duration were 30 km and 50.09 min in the previous study [25] and
40 km and 70.55 min in this study.

The mean relative workload in the cycling leg of all participants was 61.3% of POmax,
which was nearly equal to that of elite triathletes during the draft legal race (60%–63% of
POmax) [21,22]. However, some differences in the PO distribution evaluated with the same
methodology were observed between the draft legal race in a previous study [22] and the
nondraft legal race in the present study. In the former study [22], more time was spent in
POzone1 (below 10% of POmax) and POzone5 (above POmax), with a comparatively shorter
time in POzone3 (between the PO at AeT and AnT) and POzone4 (between the PO at AnT
and POmax) in the present study. This discrepancy may be related to drafting, group riding
dynamics, and the course profile. Elite triathletes often compete in criterium or circuit
courses with frequent technical corners requiring repeated accelerations and decelerations
with rotating the position within the same pack. Meanwhile, cycling during nondraft legal
events is more similar to that of an individual time trial, as reflected by the stability of PO
during flat cycling [53]. Therefore, the difference in the PO distribution may be related to
the application rule of drafting and/or the course profile, even though the mean relative
PO was similar in both races.

As shown by the relative HR profile in Figure 1, the HR remained above HR at
AnT throughout the cycling leg. However, the PO profile (Figure 1) suggests that the
PO shifted between PO at AeT and AnT throughout the leg. This discordance might
be suggestive of the residual effect of prior swimming and the subsequent physiological
responses that differ from performing an isolated exercise, especially in the initial phase [54].
Another explanation might be cardiovascular drift, which is primarily characterized by
a progressive decrease in stroke volume and a progressive increase in HR to maintain
cardiac output during prolonged exercise [55]. The hyperthermia and dehydration that
occur concomitantly with long-duration exercise influence the magnitude of cardiovascular
drift in a graded fashion [56]. Glycogen depletion caused by prolonged exercise also affects
the workload–HR relationship [57]. Therefore, HR during an OD race may overestimate
the PO [58]. Even in the running leg, the relative HR level was higher than the relative
workload level.

In the running leg, there were clear differences in relative intensity between the faster
and slower groups. The mean relative HR was definitely higher in the faster group than
the slower group (94.0% vs. 87.0% of HRmax) and slightly higher than the recreational
triathletes (92.3% HRmax) [25], but on a comparable level for elite triathletes (93%–94% of
HRmax) [22]. Additionally, the faster group spent more time in the high-intensity zones
(i.e., larger values of HRzone3 and RSzone4) as compared to the slower group. The relative
workload was also higher in the faster group than the slower group (83.4% vs. 77.2% of
RSmax). Therefore, our hypothesis is supported only in the running leg.

It is interesting to note that clear differences in relative intensity between the two groups
were observed only in the running leg in this study. In terms of the pacing strategy, it has
been demonstrated that the slower, less experienced athletes tended to pace at too high an
intensity at the beginning of the race, leading to a continuous decrease in exercise intensity
for the remaining duration [32]. However, in the swimming and cycling legs in this study,
there were no differences in any indicator of relative intensity or triathlon experience
between the two groups. Thus, the effect of the height and distribution of relative intensity
until the completion of the cycling leg may have had only a minor impact on the difference
in relative intensity during the running leg between the two groups. On the other hand,
before the start of the running leg, the slower group was exposed a longer duration of
relative intensity (~10 min) at a level comparable to that of the faster group. This difference
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might have induced greater physiological and metabolic disruptions in the slower group,
resulting in premature fatigue and impaired workload in the running leg.

Millet and Vleck [7] stated that the first transition (i.e., swim–cycle transition) is re-
garded as having a negligible effect on overall performance during the nondraft legal
OD race. Meanwhile, a number of studies reported the effects of prior exercise on sub-
sequent running [7,8,59–61] and the cycle–run transition is traditionally considered to be
more important on performance during an OD race [7,8]. Prior cycling induces phys-
iological/cardiorespiratory and biomechanical changes during subsequent running [8].
Several studies have reported that such changes (usually negative effects) might be related
to the performance level of triathletes [62–66]. For example, Boussana et al. [62] observed
significantly higher ventilatory responses and significantly greater decreases in respiratory
muscle strength and endurance in competition triathletes than in the elite group in running
following cycling performed at similar relative intensities, despite similar

.
VO2 max and

VT [62]. Therefore, in this study, the negative effects of prior exercise on physiological
and biomechanical responses during subsequent running might have been larger in the
slower group than the faster group, which could be related to the difference in relative
intensity between the groups during the running leg. Further studies are required to
specifically analyze the mechanisms underlying the difference in relative intensity induced
by prior exercise.

From the point of view of exercise intensity throughout the OD race, relative HR
remained above HR at AnT until the end of the cycling leg and remained at or above HR at
AnT in the running leg in both groups. These values were higher than those previously
reported for ultra-endurance events (race durations >8 h) [26,27] and a 42-km marathon
(~2.5–5 h), during which intensity was approximated as AeT [30]. A possible explana-
tion for the higher intensity during the OD race as compared to marathon—both with
similar estimated energy expenditures (2000–2546 kcal) [67]—may lie in the degree of
muscle fatigue derived from peripheral factors. Although the causes of muscle fatigue are
complex and not completely understood, exercise-induced muscle damage is a primary
cause of muscle fatigue during endurance sports [68]. While no direct comparison is avail-
able, expression levels of markers of muscle damage, such as creatine kinase and lactate
dehydrogenase, are higher after marathon running [68] than after an OD triathlon [10].
Additionally, a reduction in the height of countermovement jump, which is also higher after
a marathon [10,68], suggesting that exercise-induced fatigue of lower extremity muscles
is greater while competing in a marathon as compared to an OD triathlon. Swimming
and cycling are considered to produce minor damage to the involved muscles, while run-
ning—a weight-bearing exercise that includes concentric and eccentric contractions of
the leg muscles—may produce more pronounced muscle damage while competing in a
42-km marathon. Another possible explanation could be related to the degree of glycogen
depletion, as proposed in a previous report [69]. Glycogen depletion is also related to
muscle fatigue during prolonged exercise [70]. Differences in muscle activities among the
three exercise modes might be related to higher glycogen reserves in active muscles in
each discipline of a triathlon as compared to strictly running in a marathon. However,
further investigations are needed to elucidate the specific physiological responses during
a triathlon.

4.3. Limitations

There were several methodological limitations to this study that should be acknowl-
edged. First, the competition measurements were carried out in several separate OD races.
This disparity may have added some bias to the analysis of the present study. However,
there were no significant differences in environmental conditions or course profiles be-
tween the two groups (Table 2), and thus, the effects of these disparities were considered
minor. Moreover, differences in the swimming conditions between the laboratory tests (i.e.,
flume swimming) and competition measurements (i.e., open water swimming) could affect
the analysis of this study. Also, the air temperature in the laboratory tests (around 25 ◦C)
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was higher than that in the OD races (around 21.6 ◦C). Cardiovascular drift can occur
in temperate conditions and greater effects are seen in high heat conditions [71], so the
difference mentioned above could impact the

.
VO2 or BLa vs. HR relationships. However,

an electric fan provided airflow, and overall room ventilation was maintained throughout
each test, which minimizes the possibility of a cardiovascular drift. Furthermore, each in-
cremental test was performed at 45 ± 26 days from the competition measurements of the
OD race in this study, while most previous similar studies performed incremental tests
within 2 to 4 weeks before the OD race [21,22,25,72]. The individual training programs
and different season calendars among our subjects made it difficult to arrive at a unified
schedule in this study. Although the maximal and submaximal measures of triathletes
are reportedly stable throughout the pre-competition to competitive period [73], future re-
search examining exercise intensity during OD triathlon should attempt to use unified race
conditions and schedules.

5. Conclusions

Mean exercise intensity during a nondraft legal OD triathlon was above 87% of HRmax
derived from each exercise mode throughout all three legs in well-trained, age-group
male triathletes. The majority of the swimming and cycling legs was spent at an intensity
more than HR at AnT, while the exercise intensity during the running leg differed among
individuals. The time to complete the whole OD race showed that the intensity of the faster
triathletes was higher than that of the slower triathletes. The results of the present study
suggest that sustaining higher intensity during the running leg might be important for
success in nondraft legal OD triathlon races. These results may be beneficial for athletes,
coaches, and researchers in the sense that they describe the characteristic performance
profiles of the multisport nature of triathlon events. As such, the present research may give
rise to better plan training and racing strategies.
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Abstract: This study investigated the use of performance-enhancing substances in recreational
triathletes who were competing in German races at distances ranging from super-sprint to
long-distance, as per the International Triathlon Union. The use of legal drugs and over-the-counter
supplements over the previous year, painkillers over the previous 3 months, and the potential
three-month prevalence of physical doping and or cognitive doping in this group were assessed via
an anonymous questionnaire. The Randomised Response Technique (RRT) was implemented for
sensitive questions regarding “prescription drugs [ . . . ] for the purpose of performance enhancement
[ . . . ] only available at a pharmacy or on the black market”. The survey did not directly state the word
“doping,” but included examples of substances that could later be classed as physical and or cognitive
doping. The subjects were not required to detail what they were taking. Overall, 1953 completed
questionnaires were received from 3134 registered starters at six regional events—themselves involving
17 separate races—in 2017. Of the respondents, 31.8% and 11.3% admitted to the use of dietary
supplements, and of painkillers during the previous three months, respectively. Potential physical
doping and cognitive doping over the preceding year were reported by 7.0% (Confidence Interval CI:
4.2–9.8) and 9.4% (CI: 6.6–12.3) of triathletes. Gender, age, experience in endurance sports, and number
of weekly triathlon training hours were linked to potential physical or cognitive doping. Given the
potentially relevant side effects of painkiller use and physical and or cognitive doping, we recommend
that educational and preventative measures for them be implemented within amateur triathlons.

Keywords: doping; painkillers; triathlon; recreational athletes; risk factors; RRT

1. Introduction

The World Anti-Doping Agency (WADA) declares doping as fundamentally contrary to the spirit
of sport [1], and this is the moral basis for them producing an annual list of banned substances. These
substances can be divided in two groups according to their mode of action. Physical doping agents
(e.g., sympathomimetics, anabolic steroids, or erythropoietin) have a direct effect on physical aspects
of the body. In contrast, cognitive doping agents (which include stimulants such as amphetamines,
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methylphenidate, and antidepressants) target the central nervous system. All such substances often
have multiple unexpected side effects. Even over-the-counter painkillers can provoke life-threatening
risks such as hyponatraemia, uncontrolled haemorrhage, and myocardial or renal infarction [2,3]. Often
these side effects are unknown or simply ignored [4]. To protect the athlete’s health, it is important to
avoid the non-therapeutic use of multiple substances.

Investigations into state-sponsored doping in Russia and into positive doping cases at the World
Athletics Championships have recently highlighted that doping is a major problem in elite sports [5–7].
Given the high extent of substance abuse amongst elite athletes, it is likely that a substantial number of
recreational athletes behave in the same way [8–10].

As in all endurance sports, a considerable amount of doping cases are reported in triathlons [11–13].
However, triathletes are a diverse population, with some athletes competing in a total race distance
of less than 15 km, whilst others race over more than 220 km [14]. Although the latter so-called
“long-distance” group only represents approximately one-tenth of all recreational triathletes [15], it is
the only triathlete group thus far within which the prevalence of doping has been examined [4,11,12,16].
When such athletes were asked whether they had used banned substances over the previous 12 months,
the doping prevalence was found to exceed 10% [11,12,16]. Yet the real number of substance abusers
remains an estimated value. Even doping controls underestimate the actual number of abuse by
a factor of 8 [17]. This, to our knowledge, is the first study to investigate the doping behaviour of
recreational triathletes racing over a wide range of distances (from super-sprint up to long-distance) as
per the official International Triathlon Union (ITU).

2. Materials and Methods

2.1. Sample, Ethics, Races, Procedure

Ethical approval to perform this study was obtained from the local University Ethical Committee
(document number: EK 74022017). Triathletes were surveyed at six different triathlon events in central
Germany in 2017. The race distances that were involved ranged from super-sprint to long-distance
triathlons (Table 1).

Table 1. The official International Triathlon Union (ITU) distances are presented, with the associated
competition distances of swimming, cycling, and running [14] as well as the event locations, where
athletes of the corresponding distances were interviewed. Race location: Gera (G), Jena (J), Koberbach
(K), Leipzig (L), Moritzburg (M), Nordhausen (N).

Official Distance Swim (km) Bike (km) Run (km) Race Location

Super-sprint 0.4 10 2.5 G, K, J
Sprint 0.75 20 5 G, M, K, J, L, N

Olympic 1.5 40 10 G, M, K, L, N
Half-distance 1.9 90 21 M, N
Long-distance 3.9 180 42.2 M

The paper-based questionnaire was distributed from the race registration offices on the day before
and on the race day, at each event. A written explanation of the study was provided at the same
locale. The athletes were informed within the aforesaid explanation that the act of submitting the
questionnaire implied their informed consent to participate in the study. The athletes were requested
to complete the survey prior to or directly after race registration. All the forms were in the German
language. The questionnaires were handed to age-group starters for all the available race distances.
For this reason, the dataset obtained is more representative of the average recreational athlete than
that collected by previous studies, all of which were exclusive to long-distance athletes [11,12]. For
the purposes of anonymity, all the completed forms were collected in a black box and no information
about the name, birth date, the distance raced, nor the estimated finish time of the participant was
requested. The term “doping” was circumvented in the questionnaire in order to reduce any problems
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with compliance that this might cause [11]. It was replaced by the German equivalent of “prescription
drugs [ . . . ] with the goal of increasing (mental or physical) performance. Substances that can only be
obtained from a pharmacy or on the black market”. This indirect method of questioning was chosen
because it typically yields higher prevalence rates for sensitive issues and thus a more valid picture of
athletes’ behaviour [12].

2.2. Questionnaire

At the beginning of the questionnaire, the athletes were informed both of the purpose of the
survey and that participation was anonymous and voluntary. The Randomised Response Technique
(RRT) was used to estimate the 12-month prevalence of prohibited substances [18]. The complete RRT
question to assess the prevalence of physical doping is shown in Table 2. This assessment period was
chosen, instead of life time prevalence, in order to obtain comparable data to those of previous studies.
Some information was obtained via closed questions with respect to sex (male/female), A-level (i.e.,
possession of a German diploma that qualifies the holder for university admission, yes/no), training in
a group (yes/no), ingestion of painkillers during training/competition (prophylactic/therapeutic/rest
in case of pain/no pain), 12-month prevalence for the use of legal and freely available substances
for physical (yes/no), and cognitive (yes/no) enhancement. The next set of questions related to
biographical data (e.g., age, height, and weight) and training behaviour such as previous years of
training in endurance sports, and number of weekly training hours in swimming/cycling/running.
Finally, the athletes were asked which triathlon distances (out of super-sprint, sprint, Olympic-distance,
half-distance, and long-distance) they had competed over within the past 12 months. The athletes were
also asked to give details of painkiller intake and the underlying rationale for said intake. The athletes’
motivation for supplementation was consequently divided into prophylactic vs. therapeutic and
training vs. competition related use. In order to question the gateway hypothesis, the question about
dietary supplements differentiated between the intake of physical (e.g., bronchodilator) or mental (e.g.,
concentration-enhancing) substances. The said hypothesis states that the usage of freely available
substances may lead to the later abuse of prohibited substances for the purpose of performance
enhancement [19].

Table 2. The Randomised Response Technique (RRT) procedure to assess for potential physical doping
and cognitive doping.

Physical doping
Please consider a certain birthday (yours, your mother’s, etc.). Is this birthday in the
first third of a month (first to tenth day)? If yes, please proceed to Question A; if no,
please proceed to Question B.

Question A Is this birthday in the first half of the year (prior to the first of July)?

Question B
Have you taken substances to increase your physical performance within the past
12 months that are only available at a pharmacy, at the doctor’s office, or on the
black market (e.g., anabolic steroids, erythropoietin, stimulants, growth hormones)?
Note that only you know which of the questions you will answer
Yes No

Cognitive doping
Please consider a certain birthday (yours, your mother’s, etc.). Is this birthday in the
first third of a month (first to tenth day)? If yes, please proceed to Question A; if no,
please proceed to Question B.

Question A Is this birthday in the first half of the year (prior to the first of July)?

Question B

Have you taken substances to increase your mental performance in the past 12
months that are only available at a pharmacy, at the doctor’s office, or on the black
market (e.g., stimulants, cocaine, methylphenidate, antidepressants, beta-blockers,
modafinil)?
Note that only you know which of the questions you will answer
Yes No
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2.3. Randomised Response Technique (RRT)

RRTs are specifically developed to obtain more valid estimates when sensitive topics are studied,
through their guarantee of a maximum amount of anonymity to the respondent [11,18,20]. In the
present survey, a paper-and-pencil version of the unrelated question model (UQM) was used to
estimate the potential prevalence of physical and cognitive doping (π̂s) [21]. The UQM as it was used
for the present study has been explicitly described by previous articles [11,12,22]. An explicit example
of its calculation is provided by Franke et al. [23]. Similarly to their study, we used a probability for
receiving the sensitive question (p) of 245.25/365.25. Afterwards the participants who were randomised
to the sensitive group were asked a sensitive question (Questions B, Table 2), whilst the others were
asked a neutral question.

The probability for answering the neutral question with “yes” (πn) was 181.25/365.25. With this
model, even the interviewer is unable to know whether the interviewee has answered the sensitive
question or not. Furthermore, the RRT can be used to assess separate doping-prevalence values for
sub-categories (e.g., females vs. males, users vs. non-users of painkillers), if the number of participants
for several groups is high enough. For the purposes of this study the term “potential doping” is used
for those athletes who (after completion of the RRT) gave a positive answer to the sensitive question.
This definition differs from the WADA definition of doping i.e., “doping is the occurrence of one or
more of the anti-doping rule violations set forth in Article 2.1 through Article 2.10 of the Code” [24]. In
order to minimise the time that was taken to complete the survey, and thereby maximise compliance,
we did not ask the athletes to identify what substance(s) they were taking. Strictly speaking, therefore,
our data relate to the potential prevalence, rather than the actual prevalence, of doping in German
recreational triathletes. Our methodology, however, allows our results to be directly compared to those
of the only previously published triathlete specific studies in this area [11,12].

2.4. Statistics

Descriptive data are presented as mean± SD values for continuous scaled variables and as numbers
and percentages for non-continuous scaled variables. They were obtained using SPSS software, version
22. Prevalence estimates (π̂s ) for physical and cognitive doping are presented as percentages with
95% confidence intervals (CI) and standard error (SE), as obtained via MATLAB version R2015a. The
continuous variables “age” and “years doing endurance sports” were dichotomized by median. The
splitting enabled us to calculate separate prevalence estimates, for example for younger/older athletes.
Post-hoc power analyses [25] were performed for all RRT calculations, in order to test whether the
sample sizes were adequate.

3. Results

A total of 3134 recreational athletes, on the start lists for six different triathlon events, were
surveyed. Overall, 1989 (63.5%) questionnaires were received from them (Tables 1 and 3). Of these,
1953 forms (98.2%) were sufficiently completed and evaluated. More than half of all the questionnaires
(n = 1046; 53.6%) were collected at the Schlosstriathlon Moritzburg (sprint, Olympic, half-distance,
and long-distance) event, and about one-fifth (n = 419; 21.5%) were obtained at the Leipzig (sprint
and Olympic-distance) triathlon. The other races that were surveyed yielded smaller amounts of data:
170 forms at Powertriathlon Gera (8.7%, involving super-sprint, sprint, and Olympic-distance races);
127 forms at Koberbachtalsperre (6.5%, from super-sprint, sprint, and Olympic-distance triathlons);
106 forms at Paradiestriathlon Jena (5.4%, from super-sprint and sprint races); and 84 forms at ICAN
Nordhausen (4.3%, for Olympic-distance and half-distance triathlons). Of the study participants, 76.4%
(n = 1491) were male. The mean athlete age was 39.6 years. Subject and event characteristics are
presented in Table 3.
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Table 3. The distribution of athletes from the different locations, with biographical data, and
training behaviour. Race location: Gera (G), Jena (J), Koberbach (K), Leipzig (L), Moritzburg (M),
Nordhausen (N).

Race Athletes n = 3134

Participants (Total) n = 1989
Response Rate 63.5%

Location
Moritzburg 53.6% (n = 1046)

Leipzig 21.5% (n = 419)
Gera 8.7% (n = 170)

Koberbach 6.5% (n = 127)
Jena 5.4% (n = 106)

Nordhausen 4.3% (n = 84)
Gender 76.4% male (n = 1477)

23.6% female (n = 456)
Age in years, (mean; SD) 18–80 (39.6 ± 10.7)
Height cm, (mean; SD) 150–202 (177.9 ± 8.4)

Weight in kg, (mean; SD) 46–130 (78.7 ± 11.6)
BMI kg/m2, (mean; SD) Male 14.8–41.3 (24.0 ± 2.4)

Female 14.7–34.6 (21.9 ± 2.4)

A-Level (German diploma, qualifies the holder for university admission) 69.2% yes (n = 1351)
30.0% no (n = 586)

Years of triathlon-specific training, years (mean; SD) 0–50 (11.9 ± 9.7)
Hours swimming/week (mean; SD) 0–12 (1.56 ± 1.23)

Hours bike/week, (mean; SD) 0–20 (4.20 ± 3.00)
Hours running/week (mean; SD) 0–20 (2.79 ± 1.87)

Hours of training in total (mean; SD) 0–39 (8.56 ± 2.14)
distances

No distance raced 14.8% (n = 289)
Super-sprint (race location G, J, K) 4.8% (n = 94)

Sprint (race location G, J, K, L, M, N) 51.2% (n = 999)
Olympic (race location G, K, L, M, N) 43.7% (n = 853)

Half-Distance (race location M, N) 24.1% (n = 470)
Long-Distance (race location M) 8.9% (n = 173)

3.1. Dietary Supplements and Painkillers

Of the study respondents, 31.8% declared that they had taken dietary supplements, 6.9% reported
the use of cognitive enhancers and 9.7% stated that they had used physical enhancers. Intake of
substances from both of the latter groups was reported by 14.2% of the athletes who took part in
the study.

Painkiller use within the previous three months was reported by 11.3% of participants. We
found slight differences between training and competition in the underlying rationale that was given
for such intake. The prevalence of within competition painkiller use for therapeutic reasons (3.5%)
was similar to that for prophylactic (3.6%) reasons. However, during training sessions more athletes
used painkillers to treat their pain (4.7%), than to avoid it (2.0%). Furthermore, we identified that
the intake of painkillers was associated with the use of just potential physical doping, or the use of
potential physical and cognitive doping substances. More athletes used painkillers when they had
raced an Olympic-distance triathlon. Additionally, we found that the use of painkillers is less likely
amongst first-time starters. The use of legal and freely available substances by the study participants is
summarised in Table 4.
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Table 4. Twelve-month prevalence for the use of legal substances and 3-month prevalence for painkillers,
divided into therapeutic and prophylactic use.

Physical Enhancement only 9.5% (n = 186)

Cognitive enhancement only 6.8% (n = 133)
Both 14.0% (n = 274)
None 68.3% (n = 1334)
Use of painkillers during the last 3 months 11.1% (n = 218)

Prophylactic use Therapeutic use
During training 2.0% (n = 39) 4.7% (n = 92)
During competition 3.6% (n = 70) 3.5% (n = 69)

3.2. RRT Results for Physical and Cognitive Doping

The survey, which used the Unrelated Question Model (UQM), demonstrated an overall prevalence
of potential physical doping in its respondents over the previous year of 7.0% (CI: 4.2–9.8). The
following factors increased an athletes’ prevalence for potential physical doping: more than 10 years of
experience in doing endurance sports (9.4%), an age older than 39 years (9.8%), participation in an
Olympic-distance event (9.3%), training more than 8 h per week (8.0%), and not training in a group
(8.6%).

In comparison, the prevalence for potential cognitive doping was higher in those athletes who
usually trained in a group (11.2%). Female athletes (13.2%) and athletes who did not race during
the 12 months leading up to the study (15.0%) were also more willing to enhance their cognitive
performance than were male or experienced athletes. The overall prevalence of potential cognitive
doping was found to be 9.4% (CI: 6.6–12.3). There was an association between the intake of painkillers
during the last three months and potential physical or cognitive doping. However, no significant
correlation was detected between the use of dietary supplements and the use of prohibited substances.
All associated influences, as well as the overall intake rate of performance-enhancing drugs, can be
found in Tables 5 and 6 and Table S1. The overall hours of weekly training of the athletes was calculated
as the summation of the weekly number of hours that they spent swimming, cycling, and running.
Detailed statistical analyses are attached as supplementary data to this paper (Table S2).

Table 5. Influence of the longest distance raced on potential doping prevalence. The standard error
(SE) is provided. Post-hoc power analyses (Power) were performed to verify the results.

Variable (Longest Distance Raced over
Last 12 Months)

Doping Prevalence
^
πs in %

(Positive Answers after RRT) SE (
^
πs) Power

None
Physical doping n = 287 2.7 0.034 0.22

Cognitive doping n = 298 15.2 0.038 1

Super-sprint or
sprint

Physical doping n = 550 6.9 0.026 0.88
Cognitive doping n = 567 11.4 0.027 1

Olympic distance Physical doping n = 475 9.3 0.029 0.96
Cognitive doping n = 494 9.8 0.028 0.98

Half-distance or
long-distance

Physical doping n = 491 7.6 0.028 0.9
Cognitive doping n = 509 3.5 0.026 0.42
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Table 6. Factors associated with potential doping. The continuous scaled variables that are marked. ‘#’
were dichotomised by median, and post-hoc power analyses (Power) were performed.

Variable Doping Prevalence
^
πs in %

(Positive Answers after RRT) SE (
^
πs) Power

Gender

female
Physical doping n = 419 5.6 0.029 0.66

Cognitive doping n = 437 13.2 0.031 1

male
Physical doping n = 1381 7.5 0.016 1

Cognitive doping n = 1428 8.3 0.016 1

A-level (German diploma, qualifies the holder for university admission)

yes Physical doping n = 1264 7.4 0.017 1
Cognitive doping n = 1306 12.0 0.018 1

no Physical doping n = 524 4.7 0.026 0.61
Cognitive doping n = 547 2.7 0.025 0.32

Years doing endurance sports #

≤10 years Physical doping n = 963 6.3 0.019 0.96
Cognitive doping n = 1000 8.0 0.019 1

>10 years Physical doping n = 658 9.4 0.024 1
Cognitive doping n = 679 10.4 0.024 1

Training in a group

yes Physical doping n = 907 5.4 0.02 0.89
Cognitive doping n = 936 11.2 0.021 1

no Physical doping n = 883 8.6 0.021 1
Cognitive doping n = 918 8.0 0.02 1

Age #

≤39 years Physical doping n = 933 4.6 0.019 0.8
Cognitive doping n = 956 10.0 0.02 1

>39 years Physical doping n = 844 8.9 0.022 1
Cognitive doping n = 885 8.7 0.021 1

Competition performed within the last 12 months

yes Physical doping n = 1523 7.8 0.016 1
Cognitive doping n = 1577 8.6 0.016 1

no Physical doping n = 280 2.8 0.034 0.22
Cognitive doping n = 284 15.0 0.039 1

Use of legal/freely available substances

yes Physical doping n = 554 7.7 0.026 0.93
Cognitive doping n = 574 9.4 0.026 0.98

no Physical doping n = 1239 6.7 0.017 1
Cognitive doping n = 1284 9.4 0.017 1

Use of analgesics during the last three months

yes Physical doping n = 198 11.8 0.045 0.88
Cognitive doping n = 209 13.5 0.056 0.84

no Physical doping n = 1605 6.4 0.015 1
Cognitive doping n = 1659 9.0 0.015 1

Overall hours of training per week #

≤8 h
Physical doping n = 995 8.0 0.02 1

Cognitive doping n = 1028 13.4 0.02 1

>8 h
Physical doping n = 807 5.1 0.021 0.82

Cognitive doping n = 839 4.7 0.02 0.78

4. Discussion

Our study found that a significant proportion of recreational triathletes both used painkillers and
potentially implemented physical and cognitive doping. Previous studies of long-distance triathletes
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have shown them to use substances such as anabolic steroid hormones, erythropoietin growth hormones,
and amphetamines [11,17]. Such substance abuse is not only associated with triathlon. Numerous
studies of professional athletic sports athletes in the late 1990s detected a prevalence of steroid abusers
of 20% [9,26–28]. Recreational level athletes in sports such as football, athletics, tennis, handball, or
gymnastics have also been reported to use physical doping [13]. Depending on the sport in question,
lifetime doping prevalence values varied between 4% and 30% of athletes.

In triathlon, just two surveys in this field have been conducted to date [11,12,16]. Both examined
12-month prevalence as opposed to lifetime prevalence. They reported 10% to 18% of long-distance
triathletes to have implemented potential physical doping over the year leading up to their being
surveyed [11]. In our athletes, who were racing over more of the more commonly raced triathlon
distances, overall potential prevalence, over an equivalent assessment period, was 7.0% for physical
doping and 9.4% for cognitive doping. Our values were obtained from a questionnaire that was almost
identical to that of Dietz et al. [11]. The only difference from the latter survey was the fact that, as
they are legally available in some countries, we removed caffeine (pills) from the list of examples of
potential cognitive doping that was provided within it. Instead, we listed caffeine as an example of an
“legal and over-the-counter drug [ . . . ] with the goal of increasing mental performance”. This minor
difference between the two questionnaires is unlikely to account for the differences in the results that
were obtained from them. The lower prevalence of doping in recreational triathletes racing super-sprint
as compared to long-distance triathlons that has been reported for long-distance triathletes (i.e., 13%
cognitive; 15.1% physical doping) [11,12,16] may be related to the high proportion of athletes who
were performing their first triathlon (n = 289) in our study.

We identified five key factors to be associated with potential physical or cognitive doping. Firstly,
we found that athletes who were more than 39 years of age more often reported the use of physical
enhancing drugs than did younger athletes. Dietz et al. did not detect age as a predictor for physical
doping in recreational long-distance triathletes [11]. Secondly, we identified that proportionally more
females than males used potential cognitive doping. This finding contradicts that of Dietz et al. They
reported proportionally more male than female long-distance triathletes to utilise cognitive doping [11].
Thirdly, the athletes in our study who had over 10 years of competitive endurance sports experience
more often used physical doping substances than those who had less. This finding agrees with that of
Dietz et al. [11]. Fourthly, we found that athletes who spent more than 8 h training per week (with the
population dichotomised by median) more often used physical doping than those who trained less than
8 h in total. This relationship between weekly training time and potential susceptibility to doping has
not previously been either examined or reported. Lastly, we found that, of the athletes in our sample,
the Olympic-distance triathletes presented the highest prevalence of use of prohibited substances for
physical doping. This is also a novel finding. Additionally, we observed that novice athletes showed the
lowest tendency to enhance their performance through (potential) physical doping, and that athletes
who were racing over a longer distance exhibited a higher prevalence of potential physical doping.
These were not unexpected findings. Long-distance athletes may be more predisposed to feeling that
they require prohibited substances, as a consequence of both greater physiological demand and greater
financial costs of competition being placed upon them as compared to short-distance athletes. In
contrast, we found that athletes racing shorter distances, or even those who were racing their first
triathlon, tended to use potential cognitive doping more often. This could theoretically be explained
by novices possessing a higher level of race-associated excitement or anxiety than experienced athletes
who are competing over longer distances.

It has been hypothesised that the likelihood of future doping may be increased when an athlete
uses nutritional supplements or painkillers [29]. In order to test this so called “gateway hypothesis”,
we also asked our athletes whether they had used such substances. In total, 593 of our athletes (31.8%)
declared the use of legal and freely available supplements to enhance their personal performance.
Athletes who used nutritional supplements had a slightly higher prevalence for potential physical
doping (7.7%) than athletes who had not used nutritional supplements (6.7%). The prevalence for
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potential cognitive doping among both populations was also the same (9.4%). However, as we were
unable to detect a statistically significant association between nutritional supplementation and potential
doping, our results cannot be said to support the gateway hypothesis.

In addition to the use of nutritional supplements, painkiller use is widespread amongst recreational
athletes. Most common is the intake of non-steroidal anti-inflammatory drugs (NSAIDs) or other
over-the-counter analgesics [3,9]. One study reported more than half of recreational marathon runners
to admit to the intake of NSAIDs [2], (presumably or partly) as a means of pain avoidance [2–4,16,30].
A survey of participants in the IRONMAN®-Brazil suggested a similar prevalence value—up to
60%—for long-distance triathletes [4]. European investigations, however, have revealed remarkably
lower prevalence values, at about one-third up to one-sixth of this (9.2%–20.4%) [11,16]. The 3-month
prevalence for painkillers of our study was 11.2% and comparable to the results of previous European
studies. Perhaps different attitudes towards the use of painkillers in general could be responsible for
this extreme geographical variation in painkiller intake by triathletes.

Two of the advantages of this study are its relatively large sample size and the fact that we used
the RRT to guarantee a higher level of anonymity to its respondents than might otherwise have been
the case. Although failure on the part of athletes in a hurry to understand the RRT procedure could
have had an impact on some answers, these factors are likely to have had an overall positive impact
on the validity of our data. Nonetheless, it is important to note that, in accordance with the previous
research in this field [11,12], we did not ask those of our study subjects who responded positively
to the sensitive question to enumerate exactly what they were taking. Nor, so as to minimise the
administration time and maximise compliance, were our study participants provided with a “self-check
list” of the substances that fulfilled the WADA definition of doping at the time of survey administration.
Being amateurs, our athletes were unlikely to already be well versed in the contents of the WADA list.
Clearly there is a possible “trade-off” between the fact that administration of an optional survey of this
type around the (compulsory) procedure of race registration could increase its subject pool, and the
fact that athletes who are there may be “time-limited”. In accordance with the work of Dietz et al. [11],
we took “potential doping” to be synonymous with a positive answer to the sensitive questions of the
RRT i.e., whether the athlete had taken “prescription drugs [ . . . ] with the goal of increasing (mental
or physical) performance [ . . . ] that can only be obtained from a pharmacy or on the black market”.
We only appended examples of doping substances, as opposed to the full WADA list, to these sensitive
questions. It is a potential limitation of our study that the fact that our prevalence values were obtained
through the use of a simpler definition of doping [1] than that of WADA means that our data cannot be
directly compared to any future data that are obtained in strict accordance with the WADA definition
of doping.

That notwithstanding, our key findings that recreational triathletes racing over the most common
triathlon distances use “prescription drugs [ . . . ] that can only be obtained from a pharmacy or on
the black market with the goal of increasing (mental or physical) performance” as well as pain killers
to improve their performance are important. This is despite the fact that (1) doping and medical
abuse are not necessarily the same thing, (2) the use of prescribed drugs as ergogenic aids is not
necessarily medical abuse, and (3) the use of prescribed drugs to enhance (sporting) performance does
not necessarily constitute doping. Previous research has shown that intake of any of such substances
comes with the possibility of life-threatening side effects. Our work demonstrates a need to improve
awareness of the risks and to reduce the intake of such substances in recreational triathletes, through
the implementation of targeted education prevention and programmes.

Supplementary Materials: The following are available online at http://www.mdpi.com/2075-4663/7/12/241/s1,
Table S1: Influence of the longest distance raced on doping prevalence, Table S2: Factors associated with physical
and cognitive doping.
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Abstract: There is a paucity of information on motivation among U.S. minority triathletes. This study
aimed to understand the extrinsic motivation and regulators of Black women triathletes using a
modified version of the valid Motivations of Marathoners Scale and semi-structured interviews,
for triathletes. The Self Determination Theory guided the dual method assessment of the extrinsic
motivators and the regulators external, introjection, and integrated. Using MANOVA, data from
(N = 121) triathletes were compared across participant categories of age, body mass index, and distance.
Results showed a significant age difference with younger women displaying more motivation.
Descriptive means indicated integration as the greatest regulator of motivation. The statements
‘to compete with myself’ and ‘to be more fit,’ had the highest means among the women. A sub-sample
of 12 interviews were conducted revealing 16 extrinsic themes. Six were related to the regulator
integration and two unexpectantly related to the regulator, identified. Integrated themes, including
coping mechanisms, finishing course, improvement, accomplishment, and physical awareness were
most represented. This research fills gaps of understanding extrinsic motivation and the regulators
of a group not previously explored. Future research on motivation among triathletes may benefit
knowing how motivations are regulated, as to promote personalized training and participation.

Keywords: motivation; triathletes; regulation; Black women

1. Introduction

Motivation is simply defined as the, “direction and intensity of one’s effort,” [1] (p. 51) and is
self-initiated for direction and sustainability leading toward a goal. Preparation for sport participation
is intentional. Therefore, the behavioral construct of motivation is principal to understanding why
people choose to participate in sport [2].

Motivation to participate in sport and understanding cultural constructs have drawn from an
array of theoretical perspectives from many disciplines. The Self Determination Theory (SDT) is a
macro theory of human motivation that addresses issues such as self-regulation, psychological needs,
life goals and aspirations, energy and vitality, and a host of other issues related to well-being and
life domains [3]. It specifically determines how behavior describes both personal choice and outside
influence, therefore, allowing for an examination of the differential effects of motivation that underlie
the behavior of sport participation [3,4]. However, behavior is not always intrinsically motivated and
certain external pressures (e.g., social) may motivate individuals to participate in sport even though it
does not interest them.

A sub-theory of the SDT, the Organismic Integration Theory (OIT), explains the external contextual
processes that serve as barriers or facilitators in behavior regulation [5]. A central assumption of the
OIT is that extrinsic motivation can be measured by regulators of a continuum that range from external
regulation to integrated regulation [5]. This continuum of motivational regulators stimulate behavior
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as athletes interact with their sport environment. The four associated regulators are described through
associated processes of rewards or punishments (external), due to self-control (introjected), of personal
importance (identified), and having self-awareness (integrated) [3].

Research on motivation and sport reports differences in motivation based on sport level; whereas,
intercollegiate and elite athletes report higher levels of motivation compared to intramural athletes
and non-elite athletes [6]. Specifically, understanding motivation in the sport of triathlon provides
researchers access to an extreme sport where exercise regimens can be in excess of 20 h per week as
it requires practice in the three separate sports of swimming, cycling, and running [7]. Studies on
triathletes reporting differences by sex report women to have a higher fitness motivation, lower mean
external regulation than men [2,8]. Motivation for initially pursuing the sport and remaining in the
sport has been documented. Social reasons for participating have included a ‘sense of belonging’ [9]
and physical health motivation has been related to increasing or maintaining fitness [10]. Additionally,
researchers have also long considered psychological health of participation in triathlons with the
literature demonstrating an increase of self-esteem, self-efficacy, and the suggested transformative
effect participation has on body image [9].

Most studies on motivation among triathletes have been conducted primarily with White men
and women, demonstrating a paucity in research on participants of minority status in the United States.
Indeed, the number of Black people who participate in the sport is significantly lower than that of
their White counterparts. Data from the 2016 survey conducted by USA Triathlon (USAT) indicated
only 1% of members were Black triathletes [11]. In the same year, the Centers for Disease Control and
Prevention estimated that only 44.4% of U.S. Black adults met the 2008 U.S. physical activity guidelines
which were to engage in at least 150 min of weekly moderate intensity aerobic activity and to complete
muscle strengthening activities that work all major muscle groups at least twice weekly [12]. Black
women are a most sedentary group in the United States exercise, thus contributing to the high number
of those diagnosed with death-causing conditions such as coronary heart disease and cancer [13,14].

However, Black women who participate in triathlons represent a group of successful exercisers
with limited exposure in research. The only known study on Black women to participate in a
minority-based triathlon program (N = 25) reported that the top motivational reason for participation
was to improve their health and fitness (84%). Furthermore, while many of the participants (48%)
reported they were motivated by the group to prepare for a triathlon, receiving encouragement from
friends was one of the lowest responses for motivation, at 28 percent [15]. Therefore, the purpose of
this study was to explore the extrinsic motivation and regulators of Black women who participate in
triathlons to further develop an understanding of motivation among triathletes.

A measure used to understand varying motivation and underlying themes for participating
in sporting events and activities is the Motivations for Marathoners Scale (MOMS). Developed by
Masters, Ogles, and Jolton [16], the MOMS uses four motivational categories: physical health, social,
achievement and psychological to assess motivation. Within these four categorical measures (Physical
Health, Achievement, Psychological and Social) of the MOMS, there are nine scales (i.e., General
Health Orientation, Weight Control, Affiliation, Recognition, Competition, Personal Goal Achievement,
Psychological Coping, Self-Esteem, and Life Meaning). The MOMS has been used in several studies
related to athletes who participate in sport disciplines related to triathlon. Male cyclists were more
motivated by Competition, and female cyclists the scale Weight Concern, as reasons for cycling [17].
Participants of cause-related (to support charity) Aquabike (i.e., swim and cycle) and cycling only
events were significantly more motivated by Personal Goal Achievement (p < 0.001) and Competition
(p < 0.001) compared to those who participated in non-cause-related events [18]. Triathletes registered
with Triathlon Australia indicated life meaning to be the only significant variable between the elite and
non-elite triathletes, (F = 4.395, p < 0.05), whereas elite participants felt they had more life purpose
for competing in triathlons [19]. Lovett utilized a modified version of the MOMS by adding words
synonymous to represent the exercises completed by triathletes (e.g., swim, bike, and run) reporting
that women have greater personal goal achievement and self-esteem scores than males [20].

125



Sports 2019, 7, 208

While these studies yielded demographic differences in the motivation among majority triathletes,
what remained unclear is whether there were similar motivations among triathletes that identify as
Black. The MOMS only identifies how much motivation is determined by the scales. For example,
enjoyment of participating in sports has been interpreted as intrinsic motivation and competition as
an extrinsic motivation, interpreted [21,22]. This study purposed to explore the motivations of Black
women triathletes and to identify the regulators associated with extrinsic motivations.

A proposed link between the SDT motivations, OIT regulators and a modified version of the MOMS,
intended for use with triathletes and renamed the Motivations of Marathoners Scale for Triathletes
(MOMS-T). The MOMS-T was constructed to explore the motivations and regulators of Black women
(BW) triathletes. Not previously done with the MOMS, the working hypothesis of this study was
formed from the scale descriptions of the MOMS and from the review of qualitative descriptions of
extrinsic motivation from Lamont and Kennelly [10]. The exploratory SDT/OIT/MOMS-T model would
provide an understanding of how the women perceived their regulation based on their narratives.
The following questions drove the analysis of the interviews:

(1) Do narratives of Black women triathletes support the placement of the MOMS-T scales weight
control and competition as external regulated?

(2) Do narratives of Black women triathletes support the placement of the MOMS-T scales recognition
and self-esteem as introjection regulated?

(3) Do narratives of Black women triathletes support the placement of the MOMS-T scales health
orientation, personal goals, and psychological coping as integration?

It was hypothesized that external regulation would be the measured sum of the scales weight
control and competition. The sum of scales recognition and self-esteem was introjection. Integration
regulation was measured as a sum of scales health orientation, personal goals, and psychological coping.

The objective of this exploratory study was to understand the regulations of the extrinsic
motivations, among BW triathletes. This information may inform future research using the MOMS-T
and the development of programming for women interested in increasing their physical activity, and
possibly completing a triathlon.

2. Materials and Methods

A dual method of collecting both quantitative and qualitative data guided this study [2].
The quantitative goals of the study were to use the previously validated Motivations of Marathoners
Scale for Triathletes (MOMS-T) to assess extrinsic motivation for triathlon participation among
BW triathletes and identify whether rates of extrinsic regulators varied by age, body mass index
(BMI), and triathlon distance. The quantitative approach was non-experimental with a correlational
design that was used to administer a web-based survey. The primary qualitative goal was to gain a
better descriptive understanding of the relationship between extrinsic motivation and the regulators.
The qualitative approach was completed through semi-structured interviews with a subset of the BW
triathletes who had recently completed the web-based survey. Intrinsic motivation and their regulators
are not reported here because they are less likely to explain how controlled factors effect motivation.
The results reported here are based on combined data of the extrinsic motivations of the sample.

2.1. Procedures

Following approval from the Virginia Commonwealth University (VCU) Institutional Review
Board, BW triathletes were recruited for participation in the study. Inclusion criteria for participation
included self-identifying as a Black woman, age ≥ 36 years, U.S. resident, and either completion of an
individual triathlon between the years 2012 and 2014 or preparing for an individual triathlon in 2015.
Potential participants were directed to a web link by VCU’s secure web-based system (RedCap) that
included informed consent forms, a demographic questionnaire, and the MOMS-T survey. Following
consent and completion of all forms related to the quantitative phase of the study, the women were
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invited to participate in a semi-structured interview to further explore their motivations that were
identified in the survey. Interviewed participants signed a separate consent form and agreed to the use
of pseudonyms for confidentiality. Audio recording and field notes were used to keep an accurate
account of the conversation between the interviewer and participants. In addition, field notes assisted
in recording of follow-up questions, included descriptions of non-verbal communication, and reflected
notes on the participants’ experiences. The study survey and interviews were conducted for 12 weeks,
from February to May 2015.

2.2. Population and Sampling

Multiple sampling strategies were used for this study. Snowball sampling was used to identify
Black triathlete women for study participation. Early sampled participants (N = 320) were sent emails
from the national triathlon organization, USA Triathlon (USAT). In addition, multiple triathlete social
networks, including The Black Triathletes Association, Sisters Tri-ing, the International Association of
Black Triathletes, Sole Tri-Sisters, and Realizing Your Potential Everyday, posted the study information
on their Facebook© pages. Early participants were asked to identify other triathletes who met eligibility
criteria to participate in the study. Many of the participants did this by ‘tagging’ other women on the
Facebook© social media pages where the original study information had been posted.

Purposive stratified sampling was used to select interviewees. Selection was based on age,
estimated BMI, and distance of most completed triathlons. Those who completed the survey first,
and agreed to do the interview, were first considered for the interview. Projected quotas allowed
for qualitative comparisons among 12 participants with nine varying attributes. Quotas were set to
represent an equal number of participants from each stratification variable. To achieve further sample
representativeness, participants were from different USAT regions and states. Those who completed
the surveys first, were willing to be interviewed, and met the necessary criterion of the remaining
projected quotas were contacted first for interviews. Potential interviewees were first emailed and
follow-up conversations through either email or telephone followed to set up the interview.

2.3. Instruments in the Study

Three instruments were used for this study to quantitatively and qualitatively assess the triathletes.
The descriptive demographic and triathlon participation information was assessed via the Motivation
of Triathlon Participation Questionnaire. The MOMS-T characterized motivation for participation in
triathlons and the Motivations of Marathoners Scale for Triathletes Interview Guide (MOTIG) inquired
additional information related to the motivations in the MOMS-T [13].

The Motivations of Triathlon Participation Questionnaire comprised 16 items (open and closed)
related to the demographics (e.g., educational status, relationship status), triathlon participation,
and current training regimen. Age was separated into two categories with ages 36–49 representing
middle age and those 50+ and older representing the older age group. Four BMI categories, including
underweight, normal weight, overweight, and obese, were calculated from participant self-reports of
weight and height [23]. The distances and number of triathlons completed were self-reported as either
Sprint, Olympic, Half-Ironman, or Ironman [24].

The MOMS-T is a revised form of the valid and reliable Motivations of Marathoners Scale in
which four of the 56 statements included the exercises ‘cycling and swimming’ to replace ‘running’ and
the word ‘triathlete(s)’ replaced ‘runner(s)’ to assesses motivation to participate in triathlons [13,16].
A similar form for triathletes, previously validated, involves a 7-point Likert scale to assess the
importance of participation, where the number 1 indicates that the statement is “not a reason” and the
number 7 indicates the statement is a “very important” reason for participation [20]. The score on each
MOMS-T scale is the mean of the survey items that compose that scale.

The previously published Motivations of Triathletes Interview Guide (MOTIG) is an exploratory
instrument developed specifically to complement the questions in the MOMS-T survey [13]. Its purpose
was to encourage an in-depth dialogue that would reveal the thoughts, attitudes, and opinions about
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motivation to participate in triathlons through a newly developed method of ‘Survey Transformation’.
In addition, the MOTIG inquired further to identify specific regulators of the extrinsic scales of the
MOMS-T. The MOTIG facilitated discussion with participants by asking them to retrospectively consider
personal perceptions from their recently completed MOMS-T survey. Corresponding statements from
the MOMS-T were rewritten with an introductory clause related to the MOMS-T scale and followed
by an item from the scale. For example, to transform the MOMS-T Psychological Coping scale,
interviewees were prompted with the statement, “My motivation is connected to my coping ability so I
am able . . . ”, and an item from the MOMS-T scale followed, ‘To concentrate on my thoughts.’ Two to
three follow-up prompts to facilitate discussion were also used for each of the 27 open-ended MOTIG
items. The semi-structured format allowed for flexibility and exploration of new concepts and themes.

2.4. Converging the SDT, OIT, and MOMS-T

Before the analysis, the conversion of SDT motivations, OIT regulators, and data from Lamont and
Kennelly was used to propose which MOMS-T scales for participating in triathlons were extrinsic [10,21].
Key words describing the extrinsic motivation of this study were matched with the scales within
the MOMS-T. Table 1 illustrates the process that led the creation of the extrinsic MOMS-T scales to
the OIT-associated regulators. External regulation, considered to be the least self-determined form
of motivation, would regulate the MOMS-T scales weight control and competition. Triathletes who
engaged in the sport to avoid negative feelings or reprimand from others, were introjection regulated
through the scales self-esteem, and recognition. Those with integrated regulation chose to participate
in triathlons because they had fully developed their value systems. Those values were attached with
personal goal achievement, health orientation, and psychological coping. The only regulator that was
not included to have a link with the MOMS-T was identified. This regulator is theorized to represent
participation in a sport, even if the activity is unattractive [25]. It was believed that the women who
participated in a triathlon would disregard any notion of the activity being ‘unattractive,’ participate if
it meant their personal goals would be met and would, therefore, already identify as a triathlete.

Table 1. Converging the Motivations of Marathoners Scale for Triathletes (MOMS-T) scales and
Organismic Integration Theory (OIT) regulators.

MOMS-T Scale MOMS-T Descriptions SDT Keywords OIT Regulator

General Health
Orientation

Improve health, prolong life, stay
physically active Synthesis of goals Integration

Weight Concern Look leaner, control weight, reduce weight External reward External

Recognition Earn respect, feel pride from others, earn
recognition Ego Involvement Introjection

Competition Compete with others, be faster than friends,
placement achievement External Rewards External

Personal Goal
Achievement

Improve speed, push myself, improve
overall time Synthesis Integration

Psychological Coping Be less anxious, distraction from worries,
improve mood Congruence Integration

Self-Esteem Improve self-esteem, improve confidence,
sense of achievement Self-esteem Introjection

2.5. Statistical Analysis

The quantitative analytic plan was to use IBM SPSS Statistics (version 22) to assess participants’
extrinsic motivation for participating in triathlons and to identify differences of the seven scales and
three regulators. Mean values of the 7-point Likert-format scale were calculated from the extrinsic
MOMS-T statements (General Health Orientation, Weight Control, Recognition, Competition, Personal
Goal Achievement, Psychological Coping, and Self-Esteem). Next, a new dependent variable termed
“extrinsic motivation” was calculated by aggregating each individual’s mean scores across her/his
responses to MOMS-T items on the extrinsic scales. MANOVA analysis would show the correlation
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between the dependent regulators (weight control and competition = external; recognition and
self-esteem = introjection; health orientation, personal goals, and psychological coping = integration
regulation) and variables age, BMI and distance.

The qualitative analysis descriptive comparisons of the most motivating and least motivating
MOMS-T items for this study population were assessed. To accomplish this, thematic analysis of
qualitative data was conducted to further explore the relationship between motivation and regulators
identified in the MOMS-T survey by participants. The researcher based the interview questions in
the questionnaire on the quantitative MOMS-T survey and developed three additional questions
to understand how the women started in the sport and their plans for continuation of the sport.
All participants chose pseudonyms to protect their identities. The audio recording was transcribed
verbatim and the field notes were used as supplemental data. All collected data were entered into
the qualitative data analysis program, Atlas ti.7 and quotations representing categories of extrinsic
motivation, identified by phrases, sentences, or paragraphs, were assigned a label. The labels were
then categorized and regrouped according to their similarities. Categories reflecting more than 70% of
the interviews were identified as adequately saturated [26]. These categories were then collapsed into
common definitions to help identify themes to explain the participants’ motivational views. Member
checking and peer review of the codes and themes were conducted to promote trustworthiness of
the data.

3. Results

3.1. Quantitative Results

A total of 140 people responded to the survey with 121 meeting the inclusion criteria. Nineteen
were excluded: (a) three for criteria exclusion (one under criterion age and two men); (b) nine for
duplicate submission, and seven for incompletion). Two of the incomplete survey participants were
contacted and encouraged to complete their surveys as they had, at least, completed the demographic
portion of the survey. Table 2 displays the survey participant characteristics. Among 118 participants
who provided their age, most were younger (76.9%). BMI calculations from self-reported height and
weight data, indicated most of the triathletes were either normal or overweight (61.2%). The data from
the one participant who was calculated to be underweight were collapsed into the normal weight
category. More than 90% of participants had completed a triathlon in the past 3 years, and the 8.3% of
participants who had not yet completed a triathlon expected to complete a triathlon by the end of 2015.
The Sprint distance triathlon category was the most completed triathlon distance among participants
(48.8%).

Table 2. Study participant characteristics.

Variable Values Mean Number Percentage

Age (years)
36–49 - 93 76.9%
50+ 45.6 25 20.7%

Missing - 3 2.5%

BMI

Normal - 37 30.6%
Overweight - 37 30.6%

Obese - 31 25.6%
Missing - 16 13.2%

Distance completed

Not completed - 10 8.3%
Sprint - 59 48.8%

Olympic - 15 12.4%
Half-ironman - 17 14.0%

Ironman - 17 14.0%
Missing - 3 2.5%
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The descriptive statistics of the seven scales which included 43 (of the 56) survey items show the
possible minimum and maximum numbers indicate that health orientation, personal goal achievement,
and recognition had large ranges. Psychological coping and self-esteem, with higher min and max
scores, also had large ranges. When compared to the other scales, weight control and competition
had low ranges; both scales only had four values. While the range of these scales varied widely,
participants were more closely aligned with health orientation, personal goal achievement, and
recognition. The statistics are presented in Appendix A.

Means and standard deviations were calculated for the motivational statements and presented
in Table 3. The highest rated extrinsic motivational statements were ‘compete [with] self’ (M = 6.1,
SD = 1.1) within Personal Goal Achievement and ‘[to be] more fit,’ within Health Orientation (M = 6.1,
SD = 1.2). The lowest rated extrinsic motivational statements were ‘beat new person’ was (M = 2.0,
SD = 1.5) for the scale Competition and ‘compliments from others’ (M = 2.2, SD = 1.5) for Recognition.

Table 3. Extrinsic Motivational Statements.

Scale Highest
Motivational Item N Mean SD Lowest

Motivational Item N Mean SD

Health Orientation more_fit 119 6.059 1.188 reduce_heartattack 120 4.500 2.268
Weight Control leaner_look 119 4.773 1.955 reduce_weight 119 4.176 2.154
Personal Goal
Achievement compete_self 119 6.160 1.112 beat_time 119 3.933 2.170

Competition compete_others 120 3.242 1.932 beat_new_person 117 2.034 1.531
Recognition famfriends_proud 118 2.754 1.719 compliments_othe 120 2.167 1.525

Psychological Coping improve_mood 119 3.807 2.001 less_depressed 119 2.798 2.048
Self-Esteem meaning_life 120 3.708 2.047 feel_whole 118 2.737 1.874

The descriptive statistics of the extrinsic regulation variables (aggregated by responses to the
extrinsic scales) and categories of age, BMI, and distance indicated integration regulation was the
highest, and external regulation was the lowest, in all categories. Older participants (50+) reported
more integration regulation than the younger participants did, those with normal BMI strata reported
less integration regulation compared to the participants who were obese (which was only slightly more
than those who were overweight), and the triathletes who participated in Ironman distances displayed
more integration regulation than that of the triathletes preferring the three shorter triathlon distances.
The table is presented in Appendix B.

Results of MANOVA indicated a significant difference between the two age categories (Wilks’Λ =

0.068, p > 0.05). The mean for the younger women (36–49 years old) was higher than for the older
women (50+ years old). Next, two-way MANOVA analysis indicated the dependent regulator variables
External, Introjection, Integration and Intrinsic, (which is not reported here) were only correlated with
age and distance (Wilks’Λ = 0.01, p > 0.05). The age and distance model of predicted means with
confidence intervals, ndicated that the integration, was the regulator of motivation for this population.

3.2. Qualitative Results

Interview results are based on a purposive sample (N = 12) of participants’ perceptions and
interpretations as triathletes and as Black women. Eligibility for an interview was contingent on
completing the demographics and MOMS-T survey. Of the 121 survey participants, 118 (97%) were
eligible. Eleven face-to-face interviews were conducted in the U.S. states of North Carolina, Virginia,
Georgia, Illinois, Michigan, Colorado and Massachusetts. These states represented the Mideast,
Southeast, North Central, and Northeast USA Triathlon regions. One telephone interview was
conducted with a participant from California, of the West region. Presented in Appendix C are the
characteristics of the interview participants (using pseudonyms), including six participants in each age
group (36–49; 50+), four Sprint, two Olympic, three Half-Ironman, and three Ironman finishers; and
four of the participants had a normal BMI, five were overweight, and three were obese.
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There were 508 quotations related to extrinsic motivation. These quotations were coded and were
separated among the original seven extrinsic scales. As set in the proposal, the researcher identified
categories that were adequately saturated, reflecting more that 70% quotations. The scales within
the MOMS are not as easily defined into a regulated style simply based on the scale itself. Rather,
the themes within the styles are what mitigate whether a scale is external, introjection, integration,
or identification.

There were 16 total themes gleaned from the qualitative data. Eleven themes, including weight
maintenance, physical attraction, competition, medals, confidence, fear, competition, coping mechanism,
finishing course, improvement, accomplishment, and physical awareness were directly related to the
extrinsic MOMS-T scales and regulators. The theme—depression—is also included as the saturation
was close at 69%. Transition and inspiration were themes related to the not-previously included
regulator, identification, and to the new proposed MOMS-T scale, Triathlete Lifestyle. Two themes,
encouragement and family, are not presented in this manuscript because of their dual relationship with
the intrinsic scale, Affiliation. Figure 1 represents the total of seven scales, four extrinsic regulators,
and 14 themes from the qualitative data. This section presents an analysis of the interviews and is
based on the generalization of what the researcher understood about participants’ personal values
and beliefs. The researcher examined whether the participant’s views about the MOMS-T motivations
were supported by the intended regulators.Sports 2019, 7, x FOR PEER REVIEW 9 of 17 
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or achieving the status of a ‘triathlete’ (one who completed a triathlon). 

Rado explained that being physically attractive is “[being] as fit as you’re genetically able to be.” 
Competition, however, presented factors of being external and integration regulated. This depended 
on the context of the competition. The external regulation of competition occurred when a triathlete 
made the conscious choice to rival against teammates or other triathletes in a race. The women who 
had strategies for overcoming another triathlete enjoyed and often giggled at their thoughts of how 
they would view the other triathletes during a race. For Brooklyn Diva, it was a production where 
she was the hero going after the villain, entitled ‘Superhero’. “I go into a different mindset like I’m in 
a movie. I’m following this person. I gotta keep up and I’m just thinking the entire time, ‘You gotta 
catch them,’ and I just play a movie in my head.” Competition also contained an element of 
integration of setting a goal and essentially creating a personal and internal competition. Nita 
believed that, “The only person that I’m competitive against, is myself.” 

Figure 1. The relationship between the MOMS-T Scales, themes, and their OIT Regulators. On the left
(blue rectangles) are the MOMS-T scales. In the middle (black circles), are the themes derived from the
qualitative interviews. To the right (green diamonds), are the OIT extrinsic regulators.
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External regulated. The SDT scales, weight control and competition, were initially thought to be
external regulated. Signified by the themes, weight maintenance and physical attractiveness, women
were either ordered by physicians or encouraged themselves to lose weight due to medical issues.
The desired effect of weight loss was to have a more defined ‘lean’ look of one who is athletic. Being
lean was perceived to be more physically attractive and was evaluated based on mirror appearance or
achieving the status of a ‘triathlete’ (one who completed a triathlon).

Rado explained that being physically attractive is “[being] as fit as you’re genetically able to be.”
Competition, however, presented factors of being external and integration regulated. This depended
on the context of the competition. The external regulation of competition occurred when a triathlete
made the conscious choice to rival against teammates or other triathletes in a race. The women who
had strategies for overcoming another triathlete enjoyed and often giggled at their thoughts of how
they would view the other triathletes during a race. For Brooklyn Diva, it was a production where she
was the hero going after the villain, entitled ‘Superhero’. “I go into a different mindset like I’m in a
movie. I’m following this person. I gotta keep up and I’m just thinking the entire time, ‘You gotta
catch them,’ and I just play a movie in my head.” Competition also contained an element of integration
of setting a goal and essentially creating a personal and internal competition. Nita believed that,
“The only person that I’m competitive against, is myself.”

Introjection regulated. The researcher postulated the SDT scales recognition and self-esteem to
be regulated through introjection. Most participants stated they were not concerned about what others
thought of their participation in triathlons and did not participate for approval. All but one participant
said recognition did not directly motivate them; yet, they all appreciated receiving recognition in the
form of encouragement, compliments, respect, or motivation for other women to participate. Achieving
different feats within the sport is cause for celebration but the level of celebration is not defined by the
distance of the race. For example, the new sprinter who completed her first triathlon spoke of how
much recognition she received just like the three-time Ironman finisher did. Their eyes lit up with
such pride and a smile cut across their faces, as though they could recall every encouraging word they
received during training.

Medals (i.e., bling) were a form of recognition that were regulated as introjection. The medals
serve as ‘proof’ that the triathletes had completed a course and were most often displayed by the
participants. They also serve as a reminder of the participants’ past experiences and accomplishment.
In this way, medals are also be described as external regulated because some triathletes would not
participate in certain races if they knew they would not receive, at least, a finisher’s medal. Hanna,
explicitly said, “I do it for the bling—but that’s about it.”

The MOMS-T scale, self-esteem, was marked by two themes, confidence and fear. Confidence
can change over time and is built based on experience. The women who had not been racing as
long expressed that participating increased their confidence. The older women expressed that they
overcame self-esteem issues years earlier so now self-esteem is, “like the cherry . . . it’s like that added
little benefit,” said Melle.

Fear, a theme which described a mental to physical paralysis, could occur while training or
during a race if it was not overcome. While there was some type of fear in all three disciplines, fear of
swimming was discussed the most. There were levels of fear of the swimming including: (1) fearing the
pool; (2) fearing the deep end of the pool; (3) fearing the fresh open water; (4) fearing the animals (i.e.,
fish) that might be in the fresh open water; (5) fearing the saltwater; (6) fearing the bigger animals that
might be in the saltwater (e.g., alligators). The two fears in the cycling portion of triathlon were falling
off the bike or getting hit by a vehicle while riding. The fear of getting hit by a vehicle was synonymous
with running too, as well as not being fast enough to get away from a dog chase. The location of the
dog did not matter either because dogs live everywhere—in the city and the country. Recognition and
self-esteem were not one-dimensional regulated scales due to the differences in the how the themes
were regulated.
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Integration regulated. The researcher speculated integration to regulate the SDT scales of
personal goal achievement, health orientation, and psychological coping. Every one of the participants
found personal goals important as there was a sense of pride with setting goals and achieving
them. The themes related to personal goal achievement had equal weight. It was motivating to
finish the course, no matter the obstacles. Additionally, it was equally important to improve in
either one’s personal time in one or all the disciplines, or in one’s finish time. Draya expressed,
“What’s . . . important is to . . . see if I can beat the time I had before on that same course.” There is a
difference between the personal goal achievement themes of finishing the course and accomplishment.
Accomplishment occurred after completing the race and the feeling was reported to carry into other
parts of life. Finishing the course simply meant they crossed the finish line; however, crossing the line
did not have the overflow into other parts of life.

The theme of physical awareness represented the scale, health orientation. The process of awareness
was personal and for an athlete’s health to be integrated, a synthesis of meaningful aspects related to
triathlon occurred. Experiences made the older triathletes realize how necessary having good health is.
Awareness was described as being integrated into their motive for training; once training started, they
could experience the effects physically, spiritually, socially and psychologically.

Psychological coping was also regulated through integration as triathlons were described as a
coping mechanism to get through life by the majority of the participants. They reported using the
physical aspect (i.e., health orientation) to cope with anger and the stressors of life. One of the three
disciplines was a favorite or the ‘go-to’ form of exercise for the women. Eve stated, “Whenever I’m
upset or angry, I take it out on the pavement.” In addition, Marissa jokingly expressed that, “This world
is a safer place because I’m doing triathlons. I just need to tell you that right now, there are people who
are walking around alive today because I’m doing triathlons.” Similar to what was experienced with
fear, the theme depression was either a barrier or served as a motivator to complete goals. However,
depression was more integrated because it directly regulated behavior (rather than being an external
regulator like fear). Several of the women used triathlon to free themselves from negative behavior
caused by their diagnosis of depression. Elle was the first to explain, “I do have depression but [when]
taking medication . . . I just didn’t like the side effects . . . so, I just did my research. Exercising was the
thing that made me feel good.”

Identified regulated. Identified is the final form of extrinsic regulators which the researcher
had not previously thought to be a regulator among the SDT scales. Two themes, inspiration (under
recognition) and transitions were analyzed to be identified regulators attached to a new proposed scale
Triathlon lifestyle. The women spoke of how they were inspired to be triathletes and then recognized
their own ability to be an inspiration. However, in order to maintain the ability to inspire others,
the participants adopted a sense of accountability. Nora stated, “I just want to be an example to others,
in terms of being in good physical shape and looking the part.” While they experienced their autonomy
of continuing to practice the sport, it became a practice that engaged more women to participate, thus
benefitting others as well.

The theme, transition, was the self-identification of owning the title ‘triathlete.’ This was not as
easily adopted by some of the women because of the more socially accepted and described views
of what a triathlete should look like. However, as the women furthered their pursuit of adopting
the lifestyle of a triathlete, they also came to identify themselves as a triathlete—regardless of their
personal looks.

Triathlon lifestyle. The new theme of triathlon lifestyle emerged from the interviews. It is
described as a ‘motivation that is or is perceived to be sustainable over time, as opposed to motivation
that is temporal’. The lifestyle, itself, is a journey one takes when they begin the sport, continues
through participation in the sport and looks forward toward aspirations for the sport in later life.

When beginning the sport, there are those who do are ‘one and done’. This is a person who
has likely checked off ‘triathlon’ from their bucket list. However, a person who ‘catches the bug’ has
the potential to become a junkie who is addicted to the lifestyle. The lifestyle triathlete, however,
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recognizes that after they have spent weeks or months to prepare for a race, they must continue to live
this lifestyle because completing one race is not enough. To continue to be successful, the triathlete’s
preparation becomes a lifestyle. Some of the women of this study thought triathlon would be a onetime
event in their lives, too, but they felt differently after their first experience. For Letti, the transition to
recognizing her lifestyle change occurred when she came to respect what triathlon did for her beyond
the physical. “When I first started . . . I did not really appreciate – did not recognize the healing of
stress, of problem solving. It does so much for you. But, at the beginning? I didn’t recognize that.”
The usage of the words being ‘hooked’ or ‘junkie’ and ‘crazy’ became descriptor words the women
heard from others and proudly adopted for themselves. Lexi recognized that making triathlon a
lifestyle and being part of the triathlon family is fine because it was, “ . . . encouraging that I’m not [the
only] crazy person. Here’s a group of people that have a similar goal and so it’s been encouraging me
to continue and work on that. When everybody is crazy, nobody is.”

4. Discussion

Motivation to participate in triathlons is gaining exploration, lending to a variety of motivation
constructs that vary across populations. This study adds to the knowledge of diversity of triathletes
by including a group of minority women. Using dual methods, the motivations and regulators of
triathlon participation were examined among 121 Black women, aged 36 and older. The theoretical
focus on extrinsic motivation was characterized by Self Determination Theory (SDT), a theory of
human motivation that addresses issues such as psychological needs, goals, and other issues related to
well-being [3]. The sub-theory of SDT, the Organismic Integration Theory (OIT), defines those barriers
or facilitators in behavior regulation [5]. To measure motivation, the researcher used the Motivations of
Marathoners Scale for Triathletes (MOMS-T) as a survey to collect the motivational thought and then
developed questions from the MOMS-T for semi-structured interviews which explored participants’
motivational thought for descriptive and narrative data.

Using the SDT keywords and OIT regulators to identify how the scales in the MOMS-T are
regulated is novel. Other surveys, like the Sport Motivation Scale II, have also used the SDT to
understand the regulators of sport motivation [2]. Unlike the SMS II, the MOMS-T did not have
statements hypothesized to be identified. In the SMS II, ‘develop myself’ is a phrase consistently used
with statements related to the identified regulator. The idea of personal development, in the MOMS-T,
is directly related to measurable racing goals (e.g., To try to run faster) within personal goal achievement.
Identified was not believed to be a regulator with this population. However, themes extracted from the
MOTIG helped with the development of the new scale, Triathlete Lifestyle. This scale was also directly
related to the regulator, identified. The women self-identified as triathletes because their lifestyle
differed from other athletes who may only perform one of the three disciplines (e.g., marathoners) or
do another form of exercise (e.g., yoga). Like the study by Armentrout, which described that Ironman
triathletes go through a process of change—where they adopt a healthy lifestyle—the same holds true
for all the women of this study, regardless of the distance. All transitioned into recognizing their life as
a triathlete [27].

Integration was identified as the strongest SDT motivational regulator for the quantitative and
qualitative methods. Quantitatively, more than 50% of the women believed it was the integration
of the sport which motivated their participation. This suggests that the women’s motivations were
more personal in nature and were not motivated by others’ views of their accomplishments. While the
MOMS-T, alone, provided more of ‘what’ motivates a person to participate, the interviews provided
‘how’ they were regulated. The interviews revealed integration regulating four of the MOMS-T scales
(Psychological Coping, Health Orientation, Personal Goal Achievement, and Triathlete Lifestyle).

Another key finding was the interpretation of the scale, Competition. The MOMS-T defines
competition as competing with others and being faster than someone else. The statements were
insignificant for the survey participants with an overall mean of 2.67. However, when the women were
interviewed, they provided a richer explanation as to why this mean scale was low. The items did
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not ask about competition with themselves. Similar items that could be described as self-competition,
were found under the scale Personal Goal Achievement. Statements including, ‘to push myself beyond
my current limits,’ and ‘to compete with myself,’ could be considered as a form of self-competition.
Yet, when the women discussed their personal goals, the themes of finishing the race, having feelings
of accomplishment, is what was gleaned from the interviews—not a form of self-competition.

Using a survey of motivational factors for triathletes (i.e., MOMS-T) was a strength. Findings
were comparable to previous studies on triathletes [10,28,29]. However, using the novel method of
survey transformation for the dual-method approach provided additional qualitative explanations
of the survey answers not previously noted. Using a secondary method of gathering data through
interviews, as a follow-up to gathering survey data, was feasible for providing further understanding
about certain constructs. For example, the lack of assessment of triathlon medals, as a form of external
regulation, was not measured in the MOMS-T but was important to these triathletes.

Limitations to the study include methodological issues, participant representativeness, and
potential misrepresentation. The sampling resulted in participant self-selection, which suggests that
those who participated in this study may differ from those who did not. The surveys were only made
available through computer access; it is possible that the computer sampling techniques did not reach
as many subjects as possible. The researcher used convenience and snowball sampling techniques,
making it difficult for the triathlon affiliated networks (e.g., USAT) to verify the legitimacy of samples’
participation rates. Due to self-reporting, the demographic survey asked questions could have been
answered incorrectly (e.g., weight/height).

The results of the study lay the foundation for considering expanding the scope of analysis related
to the SDT. Multiple studies, in varying disciplines, have used the SDT to understand motivation.
However, self-determination has been most applied to sport, education, and health care [3,28].
Therefore, to understand how people are further motivated, the SDT regulators and how they intersect
with motivation requires additional mixed-methods analysis.

One way to expand the scope of analysis of the SDT and possibly affect policy related to exercise
would be to use of the Short Form (SF-12) Health Survey in additional studies. The SF-12 has most
recently been used to evaluate the validity and reliability of a questionnaire developed to measure the
influence of competitive sport participation on lifespan health and well-being [29]. The use of such an
instrument in combination with surveys of exercise levels and motivation, like the MOMS-T, may help
in understanding the effect of exercise on health status.

5. Conclusions

This study is a first to explore the motivations of Black women who participate in a sport dominated
by white men in the United States. Understanding the motivations for Black women who participate in
triathlons is important to the pursuit of health equity, as Black adults are the racial/ethnic group least
likely to meet physical activity guidelines, and Black women are less active than Black men [30,31].
Although researchers have identified barriers of exercise for women, this information, not previously
highlighted in research, may assist in identifying the factors to motivate Black women to exercise
regularly [32].

The novel method of using survey transformation allowed researchers to glean previously
uninterpreted information from a quantitative survey through the interview process. Previous research
on motivation has not used a qualitative version of the MOMS; therefore, the interpretation of
competition in previous studies, or other surveys like the SMS II, were not able to identify competition
as a personal motivation but rather, as a motivation based on rivalry in sport. This is useful knowledge
when considering previous research revealed that young girls, who abandon the sport, may not if they
receive support through change of the rules of competition [33].

The interviews also confirmed that the MOMS-T survey should be revised and revalidated after
including of questions relevant to the newly emerged ‘Triathlon Lifestyle’ scale. Not previously
seen in studies related to motivation using the MOMS, this scale can provide a separate dimension
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of understanding motivation from the perspective of it being a sport maintained throughout life.
Additionally, the interviews of this study also supported earlier research that stated expanding analysis
to the MOMS-T by measuring the fun or enjoyment as motivation for participating triathlons [20].

The survey transformation method confirmed an adaptable approach to using surveys, in future
settings, to other populations when there are insufficient resources to redo formative qualitative work
that informed the initial survey. Triathlon programs, like those which have been implemented into
school physical education programs [34], can be designed to motivate minorities to participate in
triathlon races and may find it useful to include some motivation statements identified in this study.
Future research also might seek to identify extrinsic motivations in other demographic groups, by
utilizing the mixed-methods research approaches as in the present study.
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Appendix A

Table A1. Descriptive Statistics of the seven Scales.

Scales N Mean SD Min Max

Health Orientation 115 32.03 7.975 6 42
Weight Control 118 18.17 6.597 4 28

Personal Goal Achievement 118 32.20 6.789 6 42
Competition 117 10.75 5.914 4 28
Recognition 113 14.57 7.306 6 42

Psychological Coping 112 30.15 14.33 9 63
Self-Esteem 116 22.05 10.63 7 49

Appendix B

Table A2. Descriptive Statistics of Regulators by Age, BMI, and Distance.

Category Regulator N Mean SD Min Max

Age

35–50
External 90 39.54 13.31 11 77

Introjection 87 49.29 16.47 14 98
Integration 85 92.02 24.08 21 141

50+

External 23 43.83 15.25 20 77
Introjection 21 51.29 14.58 22 74
Integration 20 105.70 18.32 74 147

BMI

Normal
External 36 37.33 14.50 11 77

Introjection 34 47.12 19.11 14 84
Integration 31 93.10 27.26 21 147

Overweight
External 34 41.56 13.92 16 71

Introjection 34 48.35 13.37 20 74
Integration 33 96.00 24.35 39 141

Obese
External 31 43.19 14.50 13 77

Introjection 28 55.39 16.34 32 98
Integration 29 96.14 20.91 57 141
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Table A2. Cont.

Category Regulator N Mean SD Min Max

Distance completed

Not completed
External 10 39.20 18.65 13 71

Introjection 9 43.11 15.96 20 64
Integration 10 90.90 25.93 57 130

Sprint
External 57 40.23 13.93 11 77

Introjection 55 49.62 17.20 14 98
Integration 53 93.47 24.51 21 141

Olympic
External 14 40.36 13.39 20 59

Introjection 13 50.54 17.62 22 77
Integration 13 92.62 17.37 66 132

Half-Ironman
External 15 35.93 10.52 16 51

Introjection 15 47.33 13.70 26 72
Integration 14 94.29 25.29 39 131

Ironman
External 17 45.65 12.84 30 77

Introjection 16 56.38 11.44 30 74
Integration 15 102.00 24.63 72 147

Appendix C

Table A3. Interview Participant Characteristics.

Participant Age Preferred Triathlon Distance BMI

Brooklyn Diva 45 Olympic normal
Lexi 51 Sprint normal
Eve 45 Half-Ironman normal
Elle 44 Sprint obese
Letti 56 Sprint normal
Nita 50 Sprint overweight

Marissa 43 Ironman overweight
Draya 58 Olympic overweight
Melle 54 Half-Ironman overweight
Rado 49 Ironman obese
Nora 60 Half-Ironman overweight

Hanna 39 Sprint obese
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Abstract: Low water temperature (<15 ◦C) has been faced by many organizers of triathlons and
swim-runs in the northern part of Europe during recent years. More knowledge about how cold
water affects athletes swimming in wetsuits in cold water is warranted. The aim of the present study
was therefore to investigate the physiological response when swimming a full Ironman distance
(3800 m) in a wetsuit in 10 ◦C water. Twenty triathletes, 37.6 ± 9 years (12 males and 8 females) were
recruited to perform open water swimming in 10 ◦C seawater; while rectal temperature (Tre) and skin
temperature (Tskin) were recorded. The results showed that for all participants, Tre was maintained
for the first 10–15 min of the swim; and no participants dropped more than 2 ◦C in Tre during the first
30 min of swimming in 10 ◦C water. However; according to extrapolations of the results, during a
swim time above 135 min; 47% (8/17) of the participants in the present study would fall more than
2 ◦C in Tre during the swim. The results show that the temperature response to swimming in a
wetsuit in 10 ◦C water is highly individual. However, no participant in the present study dropped
more than 2 ◦C in Tre during the first 30 min of the swim in 10 ◦C water.

Keywords: swimming; core temperature; skin temperature; wetsuit; triathlon; endurance

1. Introduction

Long distance triathlon is rising in popularity [1]. In 2003, the first “Norseman Xtreme Triathlon”
was arranged in Norway, and the race soon became known as one of the toughest triathlons in the
world [2]. Athletes swim 3800 m in the Hardangerfjord, bike 180 km with approximately 3000 m of
vertical ascent and then run 42 km, to finish at the peak of Mt. Gaustadoppen at 1883 m above sea
level [3]. The low water temperature (<15 ◦C) has generally been a challenge for the organizers. In
2015, the participants faced a water temperature of 10 ◦C, and the swim was then shortened to half the
distance [4].

Low water temperature has been faced by many organizers of triathlons [5] and swim-runs [6] in
the northern part of Europe during recent years, and more knowledge about how cold water affects
athletes swimming in wetsuits is warranted.

The International Triathlon Union (ITU) has taken this into account in their regulations of racing
water temperature and wetsuit usage in ITU sanctioned races [7]. Recently, scientific inquiries into the
rationale behind these regulations have been made, and the rules have been modified accordingly [8]. The
International Swimming Federation (FINA) has specified 16 ◦C as their lowest water temperature in their
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Open Water Swimming Rules [9]. In a recent study [8], Saycell J, Lomax M, Massey H, et al. identified
lean swimmers and cold water as significant risk factors for hypothermia. This has also been elucidated
further, with new minimum water temperature limits for open water marathon swim racing [10].

Despite this, the knowledge of how deep body temperature is affected in triathletes swimming in
wetsuits in cold water down to 10 ◦C is limited. For the vast majority of triathletes, the swim portion is
completed in <2 h.

The aim of this study was therefore to investigate the physiological response to swimming in
a wetsuit in 10 ◦C water. Based on previous experience, our hypothesis was that the deep body
temperature (Tre) would decrease less than 1 ◦C·h−1 during swimming in 10 ◦C water with a properly
fitting wetsuit, suggesting that the Tre would not drop more than 2 ◦C (or below 35 ◦C) during a full
swim in an Ironman competition.

2. Materials and Methods

2.1. Participants

The study protocol was evaluated by the Regional Ethics Committee (REC) (ref 2015/1533/REK
Sør-Øst), according to the principles of the declaration of Helsinki. Before inclusion, all participants
provided written informed consent. Twenty participants (12 males, 8 females) were recruited for the
present study. All were active triathletes, at elite- or recreational level. Recruitment took place via
social media, and the individuals had to be able to swim 3800 m non-stop in less than 1h and 45 min,
not have any history of cardiovascular disease or arrhythmias and have their own wetsuit.

2.2. Measurements

Prior to the tests, medical screening was performed by the study doctor and a nurse. The screening
included a medical survey and an ECG test (Cardiovit AT102 Plus, Schiller Handelsgesellschaft m.b.H.,
Sveits) in accordance with the recommendation of the European Society of Cardiology [11,12].

Baseline measurements, including weight, height, DXA-scan (Lunar Prodigy densitometer, GE
Medical Systems, WI, USA) were performed 2 h before the start of the swim at the Norwegian School
of Sport Sciences (NIH) in Oslo. Maximal oxygen uptake (VO2max) was measured at NIH, within
one week after the test by a Oxycon Pro analyzer (Jaeger Instrument, Carefusion/BD, San Diego, CA,
USA) using a graded (5.3%) running test on a treadmill (Bari-Mill, Woodway, WI, USA) with gradually
increasing running speed each minute until exhaustion, according to Astrand, Rodahl et al. 2003 [13].

All participants had a warm-up of easy running (10 min) on the treadmill before the test
started. During the test, all participants wore a nose clip (9015 Reusable Series, Hans Rudolph Inc.,
Kansas City, MI, USA) and used a silicone rubber mouthpiece (9060 Reusable Series, Hans Rudolph
Inc., Shawnee Mission, KS, USA).

VO2max was identified when a plateau (a rise of less than 2 mL·kg−1·min−1 in VO2, despite
increasing running speed) was observed. In addition, two more criteria of VO2max were applied, a
respiratory exchange ratio (RER) > 1.05 and heart rate of >95% of maximum heart rate.

After testing, the participants were transferred to the test site in the Oslofjord at Høvik, 20 min
outside of Oslo city, where the temperature sensors were mounted on the participants. A skin sensor
(YSI 400) was mounted on the upper left side of the chest (approximately 8 cm below clavicula) and a
rectal probe (YSI 400, YSI Incorporated, Yellow Springs, OH, USA) was self-inserted by the athletes
after instruction from the scientists. The rectal probe was inserted 10 cm past the anal sphincter. The
sensors were connected to a logging device (Veriteq Spectrum Precision Thermistor Logger 1400,
Surrey, BC, Canada) and temperatures were logged every minute from 15 min prior to the swim until a
minimum of 45 min after the swim. No rewarming intervention was incorporated in this study. The
logger was mounted in a custom-made waterproof box (length 12 cm, width 7 cm and height 4 cm)
that was taped to the back of the outside of the participant’s wet suit. The logging system did not
affect swimming technique.
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2.3. Swim Test

The testing was very time consuming, and due to safety reasons, we were not able to have more
than one test subject in the water at a time. The swim test was therefore performed over a period of
three consecutive days. Mean (SD) water temperature was 10.0 (0.7 ◦C) and air temperature 7.4 (2.1 ◦C)
during the three test days. On day one, six participants swam 3800 m (82 (14) min), and on day 2
and 3, the swim time was shortened to a maximum of 55 min. In total, 13 participants performed 46
(5) min of swimming. To ensure the optimal fit of the wetsuit, the participants used their personal
wetsuits, approved in accordance with the ITU Competition Rules for triathlon [7]. The thickness
of the wetsuit should not exceed 5 mm of thickness anywhere, and have long arms and legs. In
addition, a standard silicone swim cap was used, with no other aid for warming the body during the
swim. During the first day, six participants were tested, and all of them swam a full Ironman distance
(3800 m). After the first day of testing, we observed a rectal temperatrue (Tre) below 35 ◦C in one of the
participants, and we therefore decided to reduce the swim time to a maximum of 55 min the next two
days to prevent a fall in Tre below 35 ◦C. In none of the athletes who participated in the last 2 days of
testing did the Tre fall below 35 ◦C. The participants were swimming one at a time, a maximum of
five meters from the pier and were constantly monitored by five paramedics and a rescue swimmer.
A medical doctor was present at the test site at all times during the three days of testing. All rescue
personnel where updated and trained in the latest protocols regarding hypothermia [14] and advanced
cardiopulmonary resuscitation [15]. Mandatory rescue- and medical equipment was located on the
pier for the paramedics and medical doctor to use if needed [16].

2.4. Data Analysis and Statistics

The study was powered to be able to detect a drop in core temperature >0.5 ◦C during the swim.
Given a significance level of 0.05 and a power of 80%, 16 participants were needed, given a start
temperature at 37.5 ± 0.5 ◦C. Further, to compensate for a 20% dropout rate, a total of 20 participants
were recruited to the study. Statistical analyses and all graphics were performed in SigmaPlot 10.0
(Systat Software, Inc., GmbH, Erkrath, Germany). Pearson Product Moment Correlation was performed
to evaluate correlation between variables. Data are reported as mean (standard deviation) unless
otherwise stated. A p-value <0.05 was considered statistically significant.

3. Results

One participant was excluded before swimming due to failing the medical screening, and in two
participants, Tre was not recorded during the swim due to equipment failure. Seventeen participants
(6 women) were therefore included in the final analysis (Table 1).

Table 1. Demographic, anthropometric and physiological characteristics of the study sample; as a total
and for both women and men separately. Values are given as mean ± SD.

Total Women Men

Number (n) 17 6 11
Age (yrs.) 37.6 ± 9.0 37.5 ± 10.3 37.6 ± 8.8

Body composition
Weight (kg)
Height (cm)

LBM (kg)
%BF (%)
FM (kg)

77.9 ± 7.4
177.6 ± 7.4
58.3 ± 11.5
23.3 ± 9.0
17.2 ± 7.4

66.4 ± 8.0
173.4 ± 5.6
46.2 ± 5.4
27.7 ± 6.6
17.8 ± 5.3

84.3 ± 12.9
179.9 ± 7.3
65.0 ± 7.8
20.9 ± 9.6
16.7 ± 8.6

VO2max
Relative

(mL·kg−1·min−1)
Absolute (L·min−1)

57.5 ± 11.0
4.5 ± 1.1

49.3 ± 6.6
3.3 ± 0.5

62.4 ± 10.3
5.2 ± 0.7
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Table 1. Cont.

Total Women Men

Training per week
(hh:min)

Total
Swimming pool

9:30 ± 4:06
1:36 ± 1:18

8:18 ± 4:54
1:36 ± 1:24

10:18 ± 3:42
1:36 ± 1:12

LBM is lean body mass; %BF is percentage body fat; FM is fat mass and VO2max is maximal oxygen uptake.

3.1. Rectal Temperature (Tre)

Before the swim, average Tre was 36.6 (0.1) ◦C. The Tre of all participants was maintained for
the first 10 min of the swim. In 13 of the 17 participants, Tre dropped below starting value during
the swim, with a statistically significant drop in Tre of 0.9 (1.1) ◦C in the group (p < 0.001). For all 13
participants that displayed a fall in Tre, a further fall (“afterdrop”) in Tre was observed after the swim
(0.6 (0.3) ◦C). The average (SD) time from exiting the water until lowest temperature was 25 (12) min.
Tre for the participants that swam 3800 m (n = 4) are displayed in Figure 1, panel A, and panel B shows
results for 13 athletes that swam for a maximum of 55 min.

Figure 1. Tre before (black line), during (blue line) and after (black line) swimming in 10 ◦C water.
Panel A shows results for the athletes that swam 3800 m in 82 (14) min (n = 4), and panel B shows
results after the shortened swim to 46 (5) min (n = 13). For comparison, all temperature curves are
adjusted to start at 37.5 ◦C at swim start.
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The slope for the drop in Tre was on average 1.38 (1.24) ◦C·h−1. The results show that with an
exposure time of 135 min, 47% (8/17) of the athletes would experience a drop in Tre larger than 2 ◦C
(Figure 2). However, at 30 min of swim time, none of the participants in the present study experienced
a drop in Tre >2 ◦C.

Figure 2. Solid line shows the development of Tre during swimming in 10 ◦C cold water. Dotted lines
show extrapolated time course, based on the slope for Tre during the last 20 min of the swim (n = 17).

3.2. Skin Temperature (Tsk)

Due to technical problems with the skin sensors on three of the athletes, Tsk was successfully
recorded during the swim in 14 of 17 athletes where Tre were recorded. Average Tsk beneath the wet suit
was 33.3 (0.3) ◦C before the swim and was significantly reduced to 19.2 (1.7) ◦C during the first 30 min of
the swim (p < 0.001). Tsk before, during and after the swim for all athletes are shown in Figure 3.

Figure 3. Tsk before, during and after swimming in 10 ◦C water with a wet suit. Panel A shows results
for the 4 athletes that swam 3800 m in 82 (14) min (n = 4), and panel B shows results for 10 athletes that
swam a shortened swim to 46 (5) min (n = 10).
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3.3. Relation between Tre, Skin Temp, fat% and Gender

We observed a significant correlation between the slope for Tre during the swim and total fat
mass (kg), (r2 = 0.25, p = 0.04). There was a non-significant tendency for correlation between the slope
for Tre during the swim and % bodyfat (%), (r2 = 0.21, p = 0.06) and BMI (r2 = 0.13, p = 0.08). No
other significant correlations were observed between the slope for Tre during the swim and any of the
other following relevant variables as; weight (p = 0.33), height (p = 0.33), age (p = 0.51), LBM (p = 0.94),
average skin temp last 20 min of swim (p = 0.86), hours swimming training per week (p = 0.47) or
gender (p = 0.43). In Figure 4, change in Tre, Tsk and, fat% and gender are shown for all participants.

Figure 4. Solid line shows the Tre during swimming in 10 ◦C water. Dotted lines show the linearly
extrapolated time course, based on the slope for Tre during the last 20 min of the swim (red dots =

female). Average Tsk during swim and body fat % are presented for all participants (n = 17).

4. Discussion

The main finding in the present study was the heterogeneity in the temperature response to
swimming in a wetsuit in cold water. However, for all participants, the Tre was maintained for the first
10–15 min of the swim, and no participants dropped more than 2 ◦C in Tre during the first 30 min of
swimming in 10 ◦C water. However, given a swim time above 135 min, 47% (8/17) of the participants
in the present study would be predicted to have greater than a 2 ◦C in Tre.

4.1. Rectal Temperature

The results from the present study showed that the participants were able to maintain the Tre for
the first 10–15 min of the swim. An explanation for this is the cold-induced vasoconstriction at the
skin’s surface, and the time required to set up a conductive cooling gradient from the water to the deep
body tissues. The conductive cooling gradient is dependent on the length of the conductive pathway
(size/fatness of the individual) [17]. Further, after this initial period, Tre started to drop in 76% (13/17)
of our test participants. The linear pattern of the temperature curve, made it possible to calculate a
slope, and therefore the possibility to interpolate the curves and predict Tre if swimming had been
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prolonged. Several studies have shown the potential harmful effects of hypothermia [18–20]. One of
the study participants in the present study had a Tre as low as 33.1 ◦C, classified as mild hypothermia.
When this was discovered, we immediately took action to prevent similar cases, and the exposure time
to cold water was therefore reduced during days 2 and 3 of the project.

The results from the present study displayed a large heterogeneity in the Tre response. One
participant started to drop in Tre after 10.5 min, and another increased in Tre during the swim. The
participant with the early drop had a body fat % of 13.1, and the one that increased had a fat % of 34.7.
Further analysis also confirmed a significant correlation between low body fat % and drop in Tre. This
is in line with previous findings in other studies [8,17]. This should be of interest for race organizers, as
more elite athletes often have a lower body fat % and therefore are more prone to become hypothermic
during swimming.

It is complicated to prescribe safe limits for swimming in cold water due to the interaction between
many variables that may affect the cooling rate [8]. In addition to the absolute water temperature:
exposure time, metabolic heat production, body composition, body mass and wetsuit construction
(length and thickness) and fit may affect the cooling rate. One important research question in the
present study was to estimate how long it would take before the athletes reached a Tre of 35 ◦C or below.
Figure 2 shows an estimation of this, where we have extrapolated the Tre cooling curves to predict
when Tre exceeds a 2 ◦C fall. The cut-off for the swim in Norseman Xtreme Triathlon is 135 min. The
average swim time during the last 10 years was approximately 82 min. The fastest athletes completed
the swim in 50 min. The results from the present study show that given a water temperature at 10 ◦C,
47% of the athletes that swam for 135 min would drop more than 2 ◦C in Tre.

Given a well-fitted wetsuit, our results indicate that to avoid hypothermia, the exposure time
should be limited to a maximum of 30 min, in 10 ◦C water. For the slowest swimmers, this would
probably correspond to a maximum swim distance of 1000 m under such conditions.

4.2. Tsk

The results from the present study showed that the Tsk dropped immediately on entering the cold
water and stabilized at a constant level within a few minutes. A relatively large variation in Tsk was
observed between the participants during the swim (12–26 ◦C), however no significant relationship
between the drop in Tsk and Tre was observed.

In the present study, the athletes used their own personal wetsuit of different brands, thickness
and fit and this could possibly be the explanation for the lack of correlation between Tsk and drop in Tre.
Evidence suggests a relationship between wetsuit fit and cardiovascular response [21]. The relationship
between drop in Tre, Tsk and type and fit of wetsuit needs to be elucidated in further studies.

4.3. Post-Immersion Cooling

The post-immersion cooling observed in our study was on average 0.6 ◦C, and the lowest
temperature was observed on average 25 min after the swim. The fact that Tre may continue to fall
post- open water swim should be of interest to organizers. It is also important for triathlon organizers
and triathletes to expect that Tre can fall in T1 (Transition Zone 1—the shift from swimming to cycling
during a triathlon) and during the first part of the cycling [8]. Race organizers and medical crew should
have increased levels of alertness during these periods. Our findings on post-immersion cooling is
also in accordance with previous published results from Nuckton et al. 2000 [22] who studied open
water swimmers in 11.7 ◦C water. In that study, post-immersion cooling was observed in 10 of 11
test participants. The effect is possibly worsened by the fact that triathletes are affected by the wind
chill factor [23,24] during cycling (continued cooling). The International Triathlon Union (ITU) has
taken this into consideration, as they have incorporated both air temperature and water temperature
into their competition rules [7]. According to ITU competition rules, the swim can be shortened or
cancelled according to a combined water temperature and air temperature.
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4.4. Practical Implications

From a safety perspective, athletes competing in a race should never be exposed to environmental
conditions that induce mild hypothermia or worse. The Tre therefore should not drop more than 2.0 ◦C,
or below 35 ◦C. Taking into account the post-immersion cooling, the maximum drop during the swim
should be less than 1.5 ◦C to ensure athletes’ body temperatures do not fall within hypothermic ranges
during subsequent portions of the event. For those undertaking an open water swim only, it should
be realised that the participants may have their lowest deep body temperature after the event when
attempting, for example, to drive home.

4.5. Limitations

For practical reasons, the Tre continued to be measured 20–90 min after the swim. Ideally, the
measurements should have been continued until the Tre was back to baseline values. Further, more
details about the wetsuit (thickness, fit, conditions) is warranted. The surface temperature of the wet
suit should also be measured to better explain the relationship between Tsk and the drop in Tre.

5. Conclusions

It is concluded that the temperature response to swimming in a wetsuit in 10 ◦C water is highly
individual. However, the Tre of no participant in the present study cooled more than 2 ◦C during the
first 30 min of the swim. To be on the safe side, this would probably correspond to a maximum swim
distance of 1000 m in 10 ◦C water. One would expect even the least able swimmers to cover 1000 m in
30 min: with the caveat that they do not suffer swim failure due to neuromuscular cooling.
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Abstract: Background: Plantar fasciitis (PF) is one of the most common causes of plantar heel pain.
Objective: To evaluate the effectiveness of three different treatment approaches in the management of
PF. Methods: Sixty-three patients (44 female, 19 men; 48.4 ± 9.8 years) were randomly assigned into
a manual therapy (MT), customised foot orthosis (FO) and a combined therapy (combined) group.
The primary outcomes of pain and function were evaluated using the American Orthopaedic Foot
and Ankle Society-Ankle Hindfoot Scale (AOFAS-AHS) and the patient reported outcome measure
(PROM) Foot Pain and Function Scale (FPFS). Data were evaluated at baseline (T0) and at follow-up
sessions after 1 month, 2 months and 3 months (T1–T3). Results: All three treatments showed
statistically significant (p < 0.01) improvements in both scales from T0 to T1. However, the MT
group showed greater improvements than both other groups (p < 0.01). Conclusion: Manual therapy,
customised foot orthoses and combined treatments of PF all reduced pain and function, with the
greatest benefits shown by isolated manual therapy.

Keywords: plantar fasciitis; heel pain; manual therapy; joint mobilization; customised orthoses;
insoles; back pain

1. Introduction

Plantar fasciitis (PF) is reported as the most common cause of plantar heel pain and is referred to
as plantar fasciosis or fasciopathy, because these terms more accurately describe the inflammatory
degenerative nature of the disease [1–5]. The prevalence rate ranges from 4% in general to 7% in older
populations, and from 8% in athletes to 25% in runners [6]. In non-athletes, women are more frequently
affected [1,7,8] and have a higher risk of persisting symptoms [9] than men.

The aetiology is largely unknown [2] and risk factors remain unclear. Obesity, prolonged standing,
running, limited ankle dorsiflexion, shortened triceps surae, hindfoot malalignment and increased
age are all considered as potential risk factors [2,4,6,10,11]; however, their scientific evidence is
weak. The high occurrence rate and level of impairment require a better understanding not only
of the diagnosis, but also of evidence-based recommendations for the therapy. Concerning the
latter, the quality of the studies is heterogeneous and often several forms of therapy are carried out
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simultaneously [1,2,6]. This makes it difficult to determine the effectiveness of any individual therapy
or to rank therapies in order of their effectiveness [4]. Many patients report having persisting or
recurrent pain following treatment [12]. In addition to night splints, resistance training, corticoid
injections and extracorporeal shockwave therapy, manual therapy and foot orthoses are commonly
recommended interventions [13,14].

Due to limited research, there are however no clear arguments for the use of foot orthoses.
The theoretical underpinning for their use includes improvement of the hindfoot alignment, the relief in
plantar pressure to the origin of the PF and modification in heel pitch, which may alter the mechanical
loading of the plantar fascia [15]. A lack of high quality evidence was found for the use of foot
orthoses [6,16]. Statistically significant differences were not found between customised or prefabricated
foot orthoses or soft and firm foot orthotic materials [2,6,13,17]. A longer duration of foot orthoses use
was associated with impairment in the plantar fascia and toe flexor muscle function [12]. There are no
two studies that used the same type of orthoses, which limits the comparisons between studies and
suggestions as to which orthoses features may be most effective. What is considered most important is
whether foot orthoses are beneficial to patients by effectively alleviating their symptoms [6].

There is only weak [1] or moderate evidence for short-term treatment [18,19] using manual
therapy interventions. However, compared to physical therapy, patients needed fewer sessions,
thereby reducing treatment costs [20]. Stretching of the calf muscles and improvement of the ankle
dorsiflexion is often recommended [13]; however, this additional mobilisation was no more effective
than stretching and ultrasound treatment alone [21]. In a study comparing customised foot orthoses
versus mobilisation of the foot and stretching, the mobilisation group had better results after two weeks,
but not after one or two months [17]. In only two of the reviewed studies [7,22], a single treatment was
applied in isolation in the experimental group. The other two well-rated studies reporting significant
improvements [1,23] used multiple interventions simultaneously. Thus, the studies did not allow
conclusions to be drawn with regards to the effectiveness of manual therapy alone [4]. In an osteopathic
study, the overall results were not significantly improved with three treatments [24].

After receiving conservative treatments, nearly 50% of patients still had symptoms when
interviewed after nine years [9,25]. Patients with plantar heel pain had a high prevalence of lumbar
back pain. Compared to the control group, more than twice as many patients with plantar heel pain
had lumbar back pain with the corresponding risk being five times higher. Treatment of local and
proximal restrictions, including those associated with back pain, may be justified for improving the
management of PF [25]. Hence, in the current study, the spine was also evaluated and treated. To date,
there has been no prospective, randomised, controlled trial in which manual therapy and customised
foot orthoses were investigated in relation to back pain in patients with PF.

Thus, the aim of this study was to compare the effectiveness of manual therapy, customised foot
orthoses and combined therapy in the management of PF.

2. Materials and Methods

The Ethics Committee of the University of Osnabrueck approved and accepted all procedures
involved in this study (4/7/1043.5). The patients were consecutively recruited over a 36-month period.
Patients were screened for eligibility by a foot and ankle surgeon. Inclusion criteria were: a clinical
diagnosis of PF with symptoms for <6 months and an age ≥18 years. Exclusion criteria were: red flags
for manual therapy interventions, previous surgeries, fractures, rheumatoid diseases, tumours and
other forms of therapy during the study. All patients were informed about the procedures involved
in the study and signed an informed consent form. Based on order of appearance, the patients were
randomly assigned into one of the three groups: (i) manual therapy (MT) group, (ii) customised foot
orthosis (FO) group and (iii) combined therapy (combined) group. The patients were then referred to a
manual therapist, an orthopaedic technician or to both, respectively.
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2.1. Examination Procedures

All patients provided demographic information, medical history and previous treatments of PF.
They received a physical examination at baseline (T0) and at follow-up sessions after 1 month, 2 months
and 3 months (T1–T3). The primary outcomes of pain and function were evaluated using the American
Orthopaedic Foot and Ankle Society-Ankle Hindfoot Scale (AOFAS-AHS) and the patient reported
outcome measure (PROM) Foot Pain and Function Scale (FPFS). An intention to treat analysis was
carried out using missing data from the last available value for the final evaluation [26,27]. Figure 1
shows the patient recruitment and sample sizes, drop-outs and intention to treat of the three groups.
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2.2. Outcome Measures

The AOFAS-AHS includes both subjective, patient reported items in pain and function (60%)
and objective, physician assessed items in function (40%). The AHS is scored from 0 to 100, where
higher values indicate a better outcome [28,29]. The AHS was preferred over the commonly used
Short Form 36 (SF-36), because the SF-36 has not been specifically studied in relation to foot and ankle
disorders [4]. Additionally, the time required for the evaluation of the nine items of the AHS is lower
than for the SF-36, which increases patient compliance in reporting data. Despite methodological
criticisms, the AHS is an established and frequently used rating system, making it possible to compare
the results with other studies [30,31]. The degrees of correlation and reliability provided an acceptable
validity for the subjective scores; however, the reliability of the objective component of the AHS has
yet to be reported [29,32]. There have been no reliable data published regarding the minimal clinically
important difference (MCID) related to the AOFAS score [29]. The MCID of the AHS in hallux valgus
surgery were indicated between 7.9 and 30.2, effect size derived 8.4 [33] or 8.9 out of 100 [34]. In the
current study, the MCID was set at 10 out of 100. In the AHS, the subscale pain is one single item.
Pain is however subjective, with PROM providing the most valid measure of the experience [35].

In order to obtain more differentiated values for the typical pain of PF, the Foot Pain and Function
Scale (FPFS) was created with an 11-point numeric rating scale (NRS) from 0 to 10, where higher
values indicate better outcomes. The low gradation of the NRS for pain compensates for the large
variance in point values in the Ankle Hindfoot Scale [29]. The FPFS contains five questions on pain
(first steps, during rest, on pressure, while standing, weight bearing) and five questions about function
(limping, weakness, stiffness, restrictions in sports, at work). The highest possible total score is 100.
The FPFS uses 20 questions from the Visual Analogue Scale Foot and Ankle (VAS FA) [31], all of
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which were validated against the SF-36 and the Hannover Questionnaire. VAS and NRS have a
well-documented reliability and validity in a variety of populations [1,4]. Due to the heterogeneity
between study results, no meaningful overall value for the MCID change can be determined. In the
subgroup pain, the NRS median for the MCID was 15% [36], those considered as clinically important
or “improved” ≥20%, clinically very important or ”much improved” ≥30% and ”very much improved”
≥40%, respectively [37–39].

Blinding is barely achievable with the application of manual therapy in interventional studies,
making an even higher quality of the evaluation difficult [4]. Therefore, in the current study, assignment
of the patients to treatment groups was blinded for the therapist. The form of intervention itself was
recognisable to patients and therapists, though patients did not know if they were participating in an
intervention or control group.

2.3. Interventions

The patients were treated with manual therapy twice during the first week and subsequently once
per week for the remaining three-month period.

Patients in the manual therapy and combined group were evaluated with a standardised clinical
examination. The therapist used pre- and post-tests for each joint of the foot and intervertebral
segment of the spine. The order and type of treatment in therapy was standardised. The tests and joint
mobilisations were performed talocrural for dorsiflexion, subtalar for eversion and inversion, and then
tarsi transversal for pro- and supination. The sacroiliac joints and the symphysis pubica were assessed
and mobilised as well as the intervertebral joints in the supine position, partially in lateral decubitus
with rotation.

In the foot orthoses group, the orthopaedic technician used blueprints and foot scanners
as measuring instruments for the production of the orthoses. The orthoses were checked with
pedobarography and medilogic soles (T&T MediLogic Medizintechnik GmbH, Schoenefeld, Germany).
With the data obtained from the pressure distribution measurement, the orthoses (Footpower, FSGmbH,
Gummersbach, Germany) were milled with three layers (shore hardness A 50, A 25 and A 35) and an
additive support layer from ethylene vinyl acetate using computer-aided design and computer-aided
manufacturing techniques. To relieve pressure of the origin of the plantar fascia, a canal (referring to the
medial tuber calcanei) was milled and filled with soft material and a cushion layer was applied to the
heel. Subsequently, the footprints were produced, and the orthoses were individually manufactured
(Figure 2). The underlying idea of this type of foot orthoses is to relieve the plantar fascia, reduce heel
pressure and pain and obtain a positive, non-restrictive effect on joint mobility without compromising
the muscle activity of the foot itself. At the highest point of the foot orthoses, a medial support for
the sustentaculum tali was moulded. Through raising the toe berries and using a retrocapital edged
pelotte, pre-tensioning of the plantar fascia was expected.

2.4. Statistical Analysis

The AOFAS-AHS and FPF Scale data were transferred into Microsoft Excel and were then analysed
with a statistical software package (IBM, SPSS version 23, Chicago, IL, USA). Descriptive data were
presented as relative frequency, mean and standard deviation. Differences in the distributions were
investigated by chi-square tests. Levene tests were applied to examine the variance homogeneity
between the three groups. Differences in the changes in scale values from T0 to T3 between the
three groups were investigated using an analysis of variance (ANOVA) and Bonferroni post hoc
tests. Differences between T0 and T3 within each group were calculated using dependent Student’s
t-tests. Differences in the numbers of physiotherapy and evaluation of the foot orthoses between the
groups were investigated by independent Student’s t-tests. A p-value of ≤0.05 was assumed to be
statistically significant.
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Sports 2019, 7, 128 4 of 12 well-documented reliability and validity in a variety of populations [1,4]. Due to the heterogeneity 
between study results, no meaningful overall value for the MCID change can be determined. In the 
subgroup pain, the NRS median for the MCID was 15% [36], those considered as clinically important 
or “improved” ≥20%, clinically very important or ”much improved” ≥30% and ”very much 
improved” ≥40%, respectively [37–39].  

Blinding is barely achievable with the application of manual therapy in interventional studies, 
making an even higher quality of the evaluation difficult [4]. Therefore, in the current study, 
assignment of the patients to treatment groups was blinded for the therapist. The form of intervention 
itself was recognisable to patients and therapists, though patients did not know if they were 
participating in an intervention or control group. 

2.3. Interventions 

The patients were treated with manual therapy twice during the first week and subsequently 
once per week for the remaining three-month period.  

Patients in the manual therapy and combined group were evaluated with a standardised clinical 
examination. The therapist used pre- and post-tests for each joint of the foot and intervertebral 
segment of the spine. The order and type of treatment in therapy was standardised. The tests and 
joint mobilisations were performed talocrural for dorsiflexion, subtalar for eversion and inversion, 
and then tarsi transversal for pro- and supination. The sacroiliac joints and the symphysis pubica 
were assessed and mobilised as well as the intervertebral joints in the supine position, partially in 
lateral decubitus with rotation. 

In the foot orthoses group, the orthopaedic technician used blueprints and foot scanners as 
measuring instruments for the production of the orthoses. The orthoses were checked with 
pedobarography and medilogic soles (T&T MediLogic Medizintechnik GmbH, Schoenefeld, 
Germany). With the data obtained from the pressure distribution measurement, the orthoses 
(Footpower, FSGmbH,Gummersbach, Germany) were milled with three layers (shore hardness A 50, 
A 25 and A 35) and an additive support layer from ethylene vinyl acetate using computer-aided 
design and computer-aided manufacturing techniques. To relieve pressure of the origin of the plantar 
fascia, a canal (referring to the medial tuber calcanei) was milled and filled with soft material and a 
cushion layer was applied to the heel. Subsequently, the footprints were produced, and the orthoses 
were individually manufactured (Figure 2). The underlying idea of this type of foot orthoses is to 
relieve the plantar fascia, reduce heel pressure and pain and obtain a positive, non-restrictive effect 
on joint mobility without compromising the muscle activity of the foot itself. At the highest point of 
the foot orthoses, a medial support for the sustentaculum tali was moulded. Through raising the toe 
berries and using a retrocapital edged pelotte, pre-tensioning of the plantar fascia was expected.  
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3. Results

Sixty-three patients met the eligibility criteria. The mean age and duration of PF symptoms were
48.4 ± 9.8 years and 4.4 ± 1.3 months, respectively. There were no statistically significant differences
for age, gender and body mass index between the three groups at T0 (p > 0.05). However, the patients
of the FO group had statistically significant shorter duration of symptoms, fewer had back pain with
shorter duration, lower FPFS values for work, and received fewer treatments and medications before
starting the study than both other groups (Table 1).

Table 1. Demographic data, symptoms, and therapies of the three groups at T0.

Variable MT Group
(n = 21)

FO Group
(n = 21)

Combined
Group (n = 21) p-Value

Female sex, n (%) 16 (76.2) 14 (66.7) 14 (66.7) 0.741

BMI (kg/m2) 28.3 ± 6.2 30.4 ± 4.8 29.4 ± 4.2 0.432

Duration of PF symptoms (month) 5.3 ± 0.8 2.9 ± 1.8 5.0 ± 1.2 <0.012

Back pain, n (%) 19 (90.5) 6 (28.6) 17 (81.0) <0.012

Duration of back pain (years) 11.0 ± 8.1 2.5 ± 6.0 9.0 ± 8.6 <0.012

Work: Standing, weight bearing, n (%) 11 (52.4) 7 (43.7) 13 (61.9) 0.022

Sporting activities, n (%) 17 (81.0) 12 (57.1) 18 (85.7) 0.082

Therapy pre-study, n (%) 17 (81.0) 8 (38.1) 17 (81.0) <0.011

Duration of therapy pre-study (month) 3.4 ± 2.4 1.2 ± 2.1 3.5 ± 2.4 <0.012

Medications at the start of the study, n (%) 12 (57.1) 6 (28.6) 14 (66.7) 0.021

Abbreviations: MT, manual therapy; FO, foot orthoses; BMI, body mass index; n, number; PF, plantar fasciitis; 1 Chi
square tests; 2 ANOVA.

A total of 58 (92%) patients appeared for the follow-up assessment after one month (T1). Five
patients from the FO group were counted as drop-outs (Figure 1). A total of 47 (75%) patients completed
the three-month follow-up (T0). Intention to treat was applied in the MT, FO and combined group for
one (5%), six (29%) and four (19%) patients, respectively. There were statistically significant changes
for the AOFAS-AHS (p < 0.01) and the FPFS (p < 0.01).

Between-group differences in the AOFAS-AHS and its subscales showed a greater improvement
from T0–T3 in the MT group (p < 0.01) than the FO and combined group (Figure 3, Table 2).
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Table 2. Comparison of the mean improvements in American Orthopaedic Foot and Ankle Score-Ankle
Hindfoot Scale (AOFAS-AHS), Foot Pain and Function Scale (FPFS) and their subscales for the three
groups from T0–T3.

Variable MT Group
(n = 21)

FO Group
(n = 16)

Combined Group
(n = 21)

AOFAS-AHS 33.9* 14.1 19.1
Pain subscale 48.8* 26.3 26.3

Function subscale 24.5* 6.1 6.1
FPFS 37.2* 14.6 22.9

Pain subscale 48.4* 28.4 28.4
Function subscale 32.8* 19.0 19.0

Abbreviations: MT, manual therapy; FO, foot orthoses; * Statistically significant higher (p < 0.01) than in the
other groups.

Likewise, between-group differences in the FPFS and in its subscales showed that the MT group
improved more from T0–T3 (p < 0.01) than the FO and combined group (Figure 4, Table 2).

Besides the statistically significant differences, all three groups showed clinically meaningful
improvements over time. Differences in AHS from T0–T3 for the MT, FO and combined group were
35% (”much improved”), 15% (”minimally improved”) and 21% (”improved”), respectively. The
corresponding FPFS changes were 37% (”much improved”), 18% (”minimally improved”) and 24%
(”improved”), respectively. The FO and combined group did not reach the MCID in AHS subscale
function. In all groups, the improvement in subscale pain was higher than in subscale function.

One FPFS question was ”first step” pain after a period of rest. The improvement of the values in
the MT, FO and combined group were 50%, 32% and 43%, respectively. Effectiveness on pressure pain
and weight bearing were similar; in the MT group for 56% and 59%, in the FO group for 41% and 41%
and in the combined group for 45% and 42%. The values for pain during rest and while standing were
lower, just as in the subscale function for weakness and stiffness. Restrictions in sports and work had
an improvement of 51% and 30% in the MT group, 26% and 31% in the FO group and 28% and 20% in
the combined group. The improvements in limping varied greatly between the groups; 41% in the MT
group, 36% in the FO group and 16% in the combined group.

The number of treatments did not differ between the MT and combined group (p > 0.05).
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4. Discussion

The results of our study showed that all three interventions for PF achieved both a statistically
and clinically significant improvement over time. Furthermore, it suggests that manual therapy offers
greater clinical benefits, reducing pain and improving function compared to customised foot orthoses
and combined therapy. The application of manual techniques was standardised, and no additional
forms of therapy were used, making the therapy reproducible and comparable to other studies with
multiple concurrent therapies.

4.1. Comparison with Previous Studies

Cleland and colleagues [1] conducted a study in which 30 patients of a manual therapy group
underwent a five minute aggressive soft tissue mobilisation directed at the triceps surae and insertion
of the plantar fascia as well as a rear foot eversion mobilisation. It included an impairment-based
manual therapy at the hip, knee, ankle and foot on the clinical decision making of the treating therapist.
The other group with 30 patients was treated with electrophysical agents and exercises. Three outcome
measures were reported: Lower Extremity Functional Scale (LEFS), Foot and Ankle Ability Measures
(FAAM) and a numerical pain rating scale (NPRS). The overall group-by-time interaction showed
significantly better results for the manual therapy group. In comparison to the Cleland study, the
improvement reported in the pain subscale was greater at the three month follow-up than the six
month follow-up, and the AHS and FPFS total scores were higher than in LEFS of Cleland et al. [1].
The underlying mechanism for improvements related to manual physical therapy in the study of
Cleland et al. [1] could not be determined as a first level of standardised intervention was used in
addition to a second level of intervention that utilised an impairments-based approach. Hence, it
could not be determined with any certainty which specific manual therapy and exercise technique was
most advantageous.

In our study, the focus was placed on treating local impairments of the joint structures of the
foot and the proximal impairments of the spine. No stretching of the soleus and gastrocnemius
muscle or plantar fascia took place, and no additional treatments of the knee and hip joints were
performed. McClinton and colleagues [25] also reported an association between PF and lumbar back
pain. The result of our study suggests that a therapy integrating the spine may help to alleviate the
often long-lasting symptoms of PF and ultimately achieve a better result.
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The Burmeister study [24] used a similar intervention methodology. In addition to the spine,
a treatment of internal organs was conducted with 15 patients. Three osteopathic treatments were
conducted within a three-week period. Despite improvement on some items, no significant difference
could be detected between the verum and control group. It is possible that a higher number of
treatments could have led to a further improvement; however, this was not tested.

In our study, many patients actually required three months of therapy with a mean of 10.6
treatments to be symptom free. Cleland et al. [1] also questioned whether more than six therapies
would have resulted in a further improvement in function. The dosage also remained unclear in the
included studies of the clinical practise guidelines of Martin and colleagues [13]. The majority of the
studies selected by Mischke and colleagues in their review [4] evaluated the short-term effects of a
treatment. This might be less meaningful in the often long-lasting course of PF.

Custom made foot orthoses versus a combined treatment of manipulation and mobilisation of
the foot and stretching exercises with 10 patients per group were compared in a study by Dimou
and colleagues [40]. A review by Hawke and colleagues [17] reported that both groups in the Dimou
study had statistically significant reductions in pain on the NPRS. After only two weeks, there was a
statistically significant difference in foot pain favouring mobilisation of the foot versus stretching, with
no significant difference after one month and two months. The review indicated that the customised
foot orthoses did not reduce foot pain more than non-customised or sham foot orthoses, including
when combining them with stretching exercises or night splints. However, it is suggested that using
customised foot orthoses and night splints together may reduce foot pain. The foot orthoses in our study
complied with Hawke and colleague’s definition [17] of customised orthoses: fabricated according to
practitioner-prescribed specifications, the orthoses should be contoured, removable in-shoe devices
that are moulded or milled from an impression of the foot. In our study, customised foot orthoses were
found to be less effective compared to manual therapy or combined treatment. The result also showed
that wearing the foot orthoses over three months did not reduce the number of manual therapies
required in comparison to the MT group.

Overall, PF still remains a “black box”. Besides insoles and manual therapy, different treatment
options (e.g. resistance training, corticoid injections and extracorporeal shockwave therapy) seem
to be reasonable in the treatment of PF. It is, however, unclear what the underlying mechanisms
are. Additionally, it is important to highlight that individuals may respond differently to the various
treatment options, meaning that there is no general or overall recommendation for the treatment of PF.
In particular, the results of manual therapy for treating PF suggest that the pathophysiology seems to
be more complex and not fully understood. Our study shows that joint mobility and low back pain
play a role in treating PF. Joint dysfunction treated with manual therapy seems to lead to a functional
improvement and a relief of symptoms. If these dysfunctions lead directly to altered mechanical
loading of the plantar fascia or indirectly via the myofascial slings remains unclear. We found in our
study that only a one- to two-week manual therapy intervention altered the symptoms of PF. It is
unclear [41] if this easy-to-implement treatment can be used for preventive purposes, e.g. in athletes,
as it requires more research.

4.2. Strength and Limitations

In this study, manual therapy and customised foot orthoses treatments were carried out in isolation,
meaning that the methodology is reproducible, and any differences clearly assigned to the treatment
condition. Based on experience from other studies in which 3–6 weeks of therapy were reported to be
insufficient, the duration of treatment in our study was set at three months. Since the disease is often
long-lasting with severe discomfort, patients should receive treatment in the control group, rather
than to being exposed to placebo treatment over such a long period. The entire sample population
of our study was recruited from one clinical practice, which could be seen as a possible limitation.
As a limitation of our study, we did not perform a power analysis prior to the upcoming recruitment.
However, it must be considered that we were the first to investigate the effectiveness of these three
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different treatment approaches in the management of PF within a randomised controlled trial and that
we nevertheless found statistically significant differences in our data.

The baseline outcome scores of the foot orthoses group were significantly higher at the beginning
of the study than those of the manual therapy and combined group. So, selection bias may have
occurred. High scores at baseline generally complicate an improvement over the course of the study or
even make it impossible. To enable an improvement, a limitation of the input values set on the scales
in the inclusion criteria would have been useful. An attrition bias occurred, because participation
in the follow-up assessment in the FO group with 10 patients, versus 20 in MT, respectively 17 in
MT and FO (combined group) was significantly lower. To counteract possible bias, we performed an
intention to treat analysis. The weekly treatment in the manual therapy group represented a more
intense support for the patients over three months. In contrast, the patients of the foot orthoses group
had one appointment with the orthopaedic technician for the footprints and a second to receive the
fabricated foot orthoses. After receiving their orthoses, patients may have seen little reason for clinical
follow-up appointments, resulting in a performance bias. This may have reduced the success rate,
because a higher number of FO patients no longer participated in the evaluation compared to the
manual therapy group.

The combination of manual therapy and customised foot orthoses should demonstrate whether
two simultaneously applied interventions would improve the outcome more than one treatment in
isolation. According to our study design, we intended to mobilise the local restrictions of the foot
before producing the foot orthoses. This was however not possible in all cases. The actual procedure in
the combination therapy could have contributed to the fact that the combined group hardly achieved
any improvements in the items function and alignment of the foot axis, whereas in the manual therapy
group, the results increased in both items. Some patients of the combined treatment group reported
foot pain, possibly caused by the fact that the orthoses no longer fitted optimally after mobilisation of
the restrictions of the feet. Therefore, differences were smaller in the manual therapy group than in
the foot orthoses group. Caution should be applied when interpreting these results, as patients in the
manual therapy group had significantly more complaints of accompanying back pain, which could be
another explanation as to why manual therapy was more successful in this group.

4.3. Clinical Implications

A meaningful overall minimal clinically important change (MCID) could not be reported for
NRS or AOFAS-AHS PHP (plantar heel pain) [36]. Additionally, it is a problem to calculate the mean
difference in pain score for the treatment group and to compare it to the MCID, because MCID is a
metric based on longitudinal differences in individuals and should be used in the same context [39].
Analyses of the relationships between changes in NPRS scores demonstrated a reduction of two
points, or 30%, to be clinically important and were measured using a standard seven-point patient
Global Impression of Change [37]. These results are similar to results that were found in lower back
pain patients compared after physical therapy using a 15-point Global Rating of Change scale [42].
The Global Rating of Change scale has been criticised because it is a transitional scale that requires
recall of prior health status [43]. The Global Rating of Change scale is not temporally stable, with a
finding in one week not associating to functional results the following week. The Global Rating of
Change scale is only correlated to functional measures up to three weeks [44], so it was not included as
an additional measure in the current study.

5. Conclusions

Manual therapy, customised foot orthoses and the combined treatments achieved statistically and
clinically significant improvements over time, with the greatest effect for the treatment of PF being
found in the manual therapy group. In addition, the results indicate that integrating spinal treatment
for patients experiencing back complaints together with PF could improve treatment outcome.
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Abstract: Running performance is a determinant factor for victory in Sprint and Olympic distance
triathlon. Previous cycling may impair running performance in triathlons, so brick training becomes
an important part of training. Wearable technology that is used by triathletes can offer several metrics
for optimising training in real-time. The aim of this study was to analyse the effect of previous cycling
on subsequent running performance in a field test, while using kinematics metrics and SmO2 provided
by wearable devices that are potentially used by triathletes. Ten trained triathletes participated in
a randomised crossover study, performing two trial sessions that were separated by seven days:
the isolated run trial (IRT) and the bike-run trial (BRT). Running kinematics, physiological outcomes,
and perceptual parameters were assessed before and after each running test. The running distance
was significantly lower in the BRT when compared to the IRT, with a decrease in stride length of
0.1 m (p = 0.00) and higher %SmO2 (p = 0.00) in spite of the maximal intensity of exercise. No effects
were reported in vertical oscillation, ground contact time, running cadence, and average heart rate.
These findings may only be relevant to ‘moderate level’ triathletes, but not to ‘elite’ ones. Triathletes
might monitor their %SmO2 and stride length during brick training and then compare it with isolated
running to evaluate performance changes. Using wearable technology (near-infrared spectroscopy,
accelerometry) for specific brick training may be a good option for triathletes.

Keywords: SmO2; wearable; stride length; monitoring; NIRS

1. Introduction

Triathlon is characterised by integrating three sports disciplines: swimming, cycling, and running.
Triathletes include workouts in their training plans that stack two disciplines, one after the other, with
minimal to no breaks in between, which is called a brick. This is because one of the most important
aspects of this sport is the transition from cycling to running, which is a key factor in achieving a good
result [1]. In the last decade, the bibliography on this topic has grown quickly.

There is a range of studies that identify the alterations of different physiological and biomechanical
variables that occur during running after cycling or during running in triathlon competitions.
In this sense, several alterations in biomechanical and neuromotor patterns that may modify running
economy, and consequently the performance and final results of a race, have been described. In several
studies comparing the effects of isolated runs versus running after cycling, it has been shown that
biomechanical variables, such as stride length and step cadence, may affect the metabolic cost [2,3].
Some researchers have found a decrease in stride length and step cadence [4–6]. However, others have
not found any change in these parameters [7].
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An increase in muscle recruitment activity has also been observed, as measured by EMG correlated
with an increase in oxygen consumption (VO2) [8,9]. In this way, the alterations in biomechanical
parameters that are mentioned above modify muscular recruitment, changing motor patterns, as well
as produce decreases in running economy. These detrimental effects are directly related to the changes
in physiological aspects, as described in numerous studies in which an increase in heart rate (HR)
occurred during running after cycling, due to the accumulated fatigue in the cycling component, and
also because of the stresses that are involved in the cycle-run transition [10–12]. Running after cycling
also produced an increase in cycle minute ventilation and breathing frequency, which therefore result
in an intensification of oxygen uptake [2,13,14]. All of these increases in physiological variables during
the second transition and subsequent running induce an increase in energy cost [13], thereby affecting
the running economy and performance in a variety of triathletes [3,7,15].

All of the above suggests that some biomechanical alterations may modify the physiological
aspects and thus change the running economy, which ultimately cause a decrease in the performance of
triathletes. Consequently, it seems imperative to evaluate the ability of running in triathlon concerning
running kinematics and physiological aspects that link cycling and running. However, the majority of
these investigations have been performed under laboratory conditions [16,17] using costly equipment
that is difficult to transport. As a result, this methodology is difficult to implement for coaches and
scientists who want to obtain accurate data in the field.

During the last few years, several wearable devices to assess run kinematics through accelerometry
and muscle oxygen saturation (SmO2) by near-infrared spectroscopy (NIRS) have been developed.
NIRS has been suggested as a sensitive measure to assess local muscle oxygen delivery and utilisation
during dynamic muscle work in response to exercise and training [18]. It may also help to discern
small changes (<1%) in muscle oxygenation during different running conditions or fatigue, as well as
being useful in metabolic exercise studies and movement monitoring by accelerometers [19]. In this
regard, NIRS is an effective method for assessing the SmO2 during cycling [20,21] and running [22],
which makes it an applicable tool for monitoring interval efforts in athletes [23]. This device is
characterised by its feasibility, portability, ease of use, and low cost [24,25]. However, to the best of our
knowledge, there have not been any studies to date that have evaluated running segments in triathlons or
running after cycling using NIRS as a tool to provide information regarding muscle tissue O2 saturation.

Therefore, the aim of this study was to analyse the effect of previous cycling on subsequent running
performance using wearable technology in a field test, through well-studied kinematics parameters
and an emergent variable, such as SmO2 in triathletes.

2. Materials and Methods

2.1. Participants

Ten trained Sprint/Olympic distance triathletes, including eight males and two females,
participated in this study (training volume 16.4 ± 6.8 h per week). The participants were all regular
competitors in regional and national triathlon events. The mean and standard deviation (SD) age,
height, and body mass were 25.7 ± 8.9 years, 174.6 ± 10.1 cm, and 71.3 ± 9.8 kg, respectively. Ten days
before the experimental test, the participants carried out a tapering period. Twenty-four hours before
conducting each test, the athletes were only permitted to perform low volume and low intensity
training. The subjects agreed to participate by signing the informed consent form. The experimental
procedures received ethical approval from the University Committee on Human Research, University
of Extremadura, Spain, and followed the Declaration of Helsinki (register code 135/2015).

2.2. Design and Procedures

This study was a randomised crossover. The triathletes performed session A or B and with
an interval of seven days, and then performed the other session as stipulated (Figure 1). Forty-eight
hours before each trial, the triathletes followed a diet rich in CHO (8 gr/kg/day) to ensure sufficient
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muscle glycogen for tests. Furthermore, they were instructed on hydration habits to ensure proper
hydration status.

Figure 1. Testing protocol.

Isolated Run Trial (IRT). Height and weight were registered and a sociodemographic questionnaire
was completed to know the athlete’s profile. The IRT was carried out after 10 minutes of a standard warm
up. The IRT consisted of a maximal running 12-min. Cooper test on a 400 m track. Cooper’s 12-min run
is one of the most commonly used VO2max field tests in adults [26] and has demonstrated high validity
coefficients in aerobically fit populations (r >0.90) [27,28]. During the test, the cardiovascular response
in terms of HR, %SmO2, and running kinematics (stride length, step cadence, vertical oscillation of
the centre of gravity, and ground contact time) were collected. At the end of the test, the perceptual
measures Rating of Perceived Exertion (RPE) and Visual Analogue Scale for pain (VAS pain 0–10) were
taken [29].

Bike-Run Trial (BRT). This consisted of a 12-min Cooper test that was identical to that implemented
within IRT, but it was preceded by a 20-min time trial on a trainer (Hammer CycleOps, Madison,
WI, USA) with the triathletes’ own bikes. Relative power (W/kg), mean, and maximal heart rate were
measured to ensure proper intensity developed for a time trial. During the time trial, the triathletes
drank 500 mL of a mixed drink with water, electrolytes, and 30 gr of carbohydrates, following the same
protocol to that used in their triathlon races in order to avoid dehydration and minimise glycogen
sparing. The transition period between bike and run was 60 seconds, to enable the triathletes to
dismount the ergometer and change footwear. The following information was obtained during the
running test: cardiovascular response in terms of HR, %SmO2, and running kinematics (stride length,
step cadence, vertical oscillation of the centre of gravity, and ground contact time). Following the
running test, perceptual measures (RPE and VAS pain 0–10) were taken.

2.3. Measurements

Body weight. This was measured to the nearest 0.1 kg using a Tanita SC-330, (Tanita Corp.,
Japan). Height was estimated with an aluminium stadiometer Seca 713 model, (Seca GmbH, Hamburg,
Germany) to the nearest 1 mm.

Heart rate. A HR-Run strap assessed this (Garmin Ltd., Olathe, KS, USA), with a frequency
of 2.4 GHz and ANT+ wireless communication. This was paired to a Garmin Forerunner 735XT
SmartWatch (Garmin Ltd., Olathe, KS, USA). Heart rate is expressed in beats per minute (bpm).

Running kinematics data. These were assessed with the same HR-Run strap, which includes
a triaxial accelerometer, to measure step cadence expressed in steps by minute, vertical oscillation of
the centre of gravity (VO) expressed in cm, ground contact time (GCT) expressed in ms, and stride
length (SL) expressed in metres. Data for each variable were registered during both 12 min running
tests and they were expressed as the average of the whole test. Several studies have examined the
validity and reliability of these devices, showing satisfactory results [30].

163



Sports 2019, 7, 115

Perceptual measures. The Borg 6–20 Scale was used to assess the triathletes’ RPE, where 6 was no
exertion and 20 denoted the maximum [31]. It was also recorded through VAS pain 0–10, which was
employed to determine the muscular pain as perceived by the subjects in a 90◦ knee-bending position
after trials. Zero (0) on the scale represents that there is no pain experienced, while ten (10) means that
it is extremely painful. This method of evaluation has been used in other studies as a non-invasive
method of monitoring the changes in muscular pain perception after exercising, and the consequent
muscle damage [32].

SmO2. Muscle oxygenation was measured second-by-second in the vastus lateralis muscle during
both test (IRT and BRT) trials using NIRS (Moxy, Fortiori Design LLC, Minneapolis, MN, USA) [23].
An average was taken every minute for the analysis. The spectroscopy measurement quantified
variation in optical transmission by sequentially sending light waves (630–850 nm) from four light
emitting diodes into the tissue beneath the device and recording the amount of returned, scattered
light at two detectors that were positioned 12.5 and 25 mm from the light source. An algorithm that
combines a tissue light propagation model processes the scattered light and, via the Beer-Lambert Law,
determined the amount of light absorbed at wavelengths relative to oxygenated and deoxygenated Hb.
This allows for the percentage of haemoglobin + myoglobin containing O2 (%SmO2) to be calculated.
The sensor was applied to the vastus lateralis muscle about 15 cm above the knee and was held tightly
in position by a flexible polyurethane skirt that blocks sunlight. The %SmO2 average of the entire test
was calculated, as well as for every minute during both of the running test conditions.

2.4. Statistical Analysis

Statistical analyses were carried out with the statistical analysis software SPSS v.20 for Mac
(IBM, New York, NY, USA). Standard statistical methods were used for the calculation of the mean and
standard deviations. Additionally, absolute change and the percentage change from pre- to post-test
were calculated for all of the variables for each group. A Kolmogorov–Smirnov test was conducted
to show the distribution of the studied variables, as was a Levene test for homogeneity of variance.
The statistical significance of the different paired samples that are shown in Table 2 was estimated with
a Students’ T. Moreover, an ANOVA repeated measures test was performed to compare the kinetics
of %SmO2 between the two trials. The value p < 0.05 was used to establish statistical significance.
Effect size (ES), which represents the magnitude of the difference between two conditions in terms of
SD, was calculated by dividing the change in the mean by the average SD of the two conditions. An
ES of <0.2 was classified as trivial; d < 0.5 was classified as small, d = 0.51 to d = 0.8 was considered
moderate, and d > 0.8 was large [33].

3. Results

Table 1 shows the data from the time trial that preceded running in BRT trials. They show the
high intensity performed by triathletes. The RPE values were close to the values that were reported
after running. The heart rate was lower than that achieved during the running tests.

Table 1. Kinematics, physiological, and perceptual measures from time trial.

Variables BRT

Relative power (w/kg) 3.4 ± 0.4
Cadence (revolutions per min) 95.8 ± 7.4

HR average (bpm) 162 ± 12.8
HR peak (bpm) 175 ± 12.7

RPE (units) 16.5 ± 2.5
VAS pain 0–10 (units) 5.9 ± 2.1

BRT as mean ± SD.

The distance covered during the 12-min running test, and kinematic and physiological parameters,
as well as perceived measurements after performing an IRT, as compared to the BRT, are shown
in Table 2.
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Table 2. Kinematics, physiological and perceptual measures changes from IRT to BRT.

Variables IRT BRT % (CL 90%) ES (CL 90%) p-Value

12-min run (m) 3345 ± 306 3150 ± 296 −5.8 (−8.2 to −3.4) 0.6 (0.3 to 0.8) 0.00
Cadence (step per min) 178 ± 8.5 177 ± 8.8 −0.3 (−2.6 to 2.0) 0.0 (−0.3 to 0.4) 0.81
Vertical Oscillation (cm) 9.5 ± 1.3 9.7 ± 1.3 2.1 (−1.9 to 6.3) 0.1 (−0.4 to 0.1) 0.34

Ground contact time (ms) 206± 16.6 209 ± 19.2 1.6 (−0.1 to 3.2) 0.1 (0.0 0.3) 0.12
Stride Length (m) 1.64 ± 0.11 1.52 ± 0.11 −4.2 (−6.2 to −2.1) 0.4 (0.1 to 0.5) 0.00
SmO2 average (%) 41.5 ± 6.4 55.1 ± 3.3 35.7 (22.7 to 46.4) 1.63 (1.16 to 2.26) 0.00
HR average (bpm) 175 ± 11.0 173 ± 10.5 −0.9 (−1.7 to 0.0) 0.1 (0.0 to 0.2) 0.09

HR peak (bpm) 184 ± 12.2 181 ± 11.3 −1.7 (−2.6 to −0.9) 0.2 (0.1 to 0.3) 0.00
RPE (units) 17.4 ± 1.8 17.2 ± 1.7 −1.1 (−9.3 to 7.9) 0.0 (−0.6 to 0.8) 0.80

VAS pain 0–10 (units) 5.4 ± 2.7 6.2 ± 2.1 22.6 (−1.8 to 53.1) 0.3 (0.0 to 0.7) 0.25

IRT–BRT as mean ± SD % (CL 90%) = percentage of change with 90% confidence limits. ES (CL 90%) = Effect size
and 90% confidence limits.

3.1. Running Performance

The distance that was covered in the Cooper’s test by triathletes was greater in the IRT than
the BRT, reaching statistical significance with a moderate ES from Cohen’s standardised differences.

3.2. Kinematic Parameters

Running cadence was similar in both of the trials, as were the vertical oscillation and ground
contact time. Stride length was statistically significantly higher in the IRT than the BRT, but with
a trivial size effect.

3.3. Physiological Parameters

Peak heart rate was higher during the IRT test when compared with BRT trials, with a small size
effect. There were no differences in average heart rate between the two tests.

The average SmO2 registered during each run test was lower in those that were performed without
previously cycling (IRT). The size effect was large, reaching statistical significance.

For a better understanding of SmO2 kinetics during running, Figure 2 shows the bias of SmO2

in the two experimental conditions. The decrease in the slope of %SmO2 from the IRT to BRT after
minute 2 of running until the end of the test is statistically significant.

Figure 2. %SmO2 slope between Isolated Run Trial (IRT) and Bike-Run Trial (BRT). * p < 0.05 ** p < 0.01.
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3.4. Perceptual Variables

Table 2 shows RPE and VAS pain 0–10 reported by triathletes at the end of the IRT and BRT.
It seems that previous cycling does not affect RPE after running, because the data were similar under
both of the conditions, with no statistical significance and a trivial effect size for RPE and small size for
VAS pain 0–10.

4. Discussion

The purpose of this study was to examine the effects of cycling on running after transitioning
when compared with an isolated run in field tests using wearable technology that is potentially used
by the triathletes for assessment.

The main findings confirmed the adverse effects that prior cycling has on running performance
in a brick session in the field when compared with an isolated run, with a large impact on %SmO2,
small effect on kinematic parameters, such as stride length and a trivial or no effect on other kinematics,
physiological, or perceptual parameters.

The characteristics of the triathletes and their physiological responses in both of the tests support
the fact that the participants were well trained but not elite triathletes. The distance covered was
3.345 m in the IRT; therefore, the running pace was 3:30 min:sec/km, which is higher than in professional
triathletes over sprint and Olympic distances [34].

The performance in the 12-min maximal run after transitioning from biking to running significantly
decreased when compared to isolated runs, where they were able to run an average of 195 m further.
Therefore, the detrimental effects of cycling before running are verified. Our results are supported
by previous findings in studies that were performed in laboratory conditions [7,35,36] or in outdoor
conditions with cycling and running distances that are similar to those in our investigation [37].
The damaging effects of cycling prior to running might be due to accumulated muscular fatigue in
the bike segment and could be attributed to an increase in neural fatigue, causing alterations in the
neuromotor pattern [10,38], as has been argued in previous studies. Consequently, the importance of
brick training in triathletes is highlighted.

Some running kinematic variables, such as ground contact time, step cadence, or vertical oscillation,
do not appear to be affected by previous biking under the conditions of this study, which supports the
findings of previous researches, and suggesting that bike-run transitioning will affect physiological
parameters more than biomechanical parameters [7,37]. However, the running kinematics after cycling
might be impaired when compared to isolated run kinematics, with a significant decrease in terms of
stride length, which significantly reduces after cycling transition.

Triathletes shortened their strides by an average of 0.1 m after cycling as compared to in isolated
runs. This finding is consistent with previous studies, where there was a trend towards a decrease in
stride length after biking due to muscle fatigue [6,7,39], but not in well trained triathletes [40]. In fact,
this worsening stride length after cycling has been shown to mainly occur in low-level triathletes [41].

Speed is the product of running cadence and stride length, which suggests a possible inverse
relationship between them. Running cadence was optimal in both of the trials [42] and it did not change
after biking. Therefore, our findings emphasise the importance of maintaining stride length during
brick sessions or working on factors that cause stride length reductions, in order to avoid a worsening
of performance in running after biking.

The biggest magnitude of change in the variables studied during running affected by previous
cycling was for %SmO2, which was much lower, on average, during the isolated run; this was confirmed
by the longitudinal analysis of the average SmO2 every minute. This indicates that triathletes start
running with a similar %SmO2, but after minute 2 during BRT trials, they are not able to decrease it,
as well as during the IRT. If more oxygen is being demanded than is being delivered, as indicated by
the lower dissolved oxygen levels in the tissue, oxygen saturation will decrease. This means that the
muscles involved in exercise are able to use more oxygen to obtain energy to produce movement or go
faster. This situation occurs better during the IRT trials.
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The cause of higher %SmO2 during the run after cycling might be neuromuscular fatigue
accumulated during cycling, which generates an inability to use circulating intramuscular oxygen
and making it impossible to increase exercise intensity. This hypothesis is consistent with previous
studies that found the highest SmO2 during a run, preceded by moderate-to-high intensity exercise,
as compared to an isolated run [43].

Other physiological outcomes, such as average heart rate, did not achieve significant changes.
This was similar in of the both trials, while peak heart rate was trivially higher. However, the magnitude
of change in the running performance between both conditions of the study was much higher.
This means that heart rate might not explain the differences in the running performance between trials,
or, in accordance with previous studies, suggests that NIRS could be an alternative for monitoring
exercise intensity instead of HR in some situations, since the HR devices are not able to detect sudden
changes in intensity and/or fatigue states [44], and because HR is systemic while NIRS is local.

Finally, regarding perceptual parameters, running RPE is similar, independent of whether the
triathletes had previously been cycling or not. This means that they perceived themselves to be very
fatigued after running in both trials, even though they ran faster in the IRT. The VAS pain 0–10 results
support this finding, as there were no differences between the trials. Therefore, these subjective
variables might not help to set differences between running sessions and brick sessions in triathletes.

One of the strengths of the study was the use of wearable devices, which are not expensive
in comparison with laboratory equipment and they meet the validity and reliability standards.
Therefore, our study applied a proposal method to measure running after biking performance in
middle level and age group triathletes, whose characteristics are similar to the majority of participants
in these competitions.

On the other hand, this research presents certain limitations. One is that the samples for this
study were not homogeneous in terms of gender and age, with a mixture of eight males and two
females. It would be necessary to observe whether the results obtained are similar when independently
comparing men and women, and using groups of similar ages. Another limitation is that athletes
were given recommendations on what to eat and drink, but formal diet logs were not used and the
hydration status was never directly measured; therefore, it is possible that the athletes did not follow
the recommendations.

Future research should focus on evaluating high performance triathletes and/or performing
different brick protocols, simulating sprint and Olympic distance triathlon races or middle/long
distance triathlons in terms of pace and distance.

5. Conclusions

It can be concluded that intense cycling prior to running in triathletes may impair running
performance due to a reduction in stride length and the inability to peripherally utilise oxygen in
muscles presenting higher %SmO2.

These findings could be useful for coaches and triathletes to develop brick training programmes
in triathlon. Using wearable technology that allows for stride length data and %SmO2 to be monitored
in real-time and the analysis after training could help to control changes in running performance after
cycling by comparing the data with those from isolated running.
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Abstract: Transitioning efficiently between cycling and running is considered an indication of overall
performance, and as a result the cycle–run (C–R) transition is one of the most researched areas of
triathlon. Previous studies have thoroughly investigated the impact of prior cycling on running
performance. However, with the increasing number of short-course events and the inclusion of
the mixed relay at the 2020 Tokyo Olympics, efficiently transitioning from cycle–run has been
re-emphasised and with it, any potential limitations to running performance among elite triathletes.
This short communication provides coaches and sports scientists a review of the literature detailing
the negative effects of prior variable-cycling on running performance experienced among elite,
short-course and Olympic distance triathletes; as well as discussing practical methods to minimise
any negative impact of cycling on running performance. The current literature suggests that
variable-cycling negatively effects running ability in at least some elite triathletes and that improving
swimming performance, drafting during cycling and C–R training at race intensity could improve
an athlete’s triathlon running performance. It is recommended that future research clearly define
the performance level, competitive format of the experimental population and use protocols that are
specific to the experimental population in order to improve the training and practical application of
the research findings.

Keywords: cycle–run; transition; triathlon; performance; elite; training

1. Introduction

Triathlon comprises several different racing formats (Table 1.) that can be generally categorised
as short-course (super sprint/sprint); Olympic distance (short-distance/standard); or long-course
(70.3/Ironman). Each category of triathlon places substantially different physical demands on the
athletes [1], such as short-course triathlon (super-sprint/sprint distance) involving producing repetitive,
high-intensity efforts due to the technical courses [2] changing the physiological demands of this type
of triathlon [3], compared to the consistent, steady-state paced efforts required during long-course
triathlon. However, all formats of triathlon require an athlete to transition from cycling-to-running.
Subjective descriptions of perceived incoordination are commonly reported among triathletes of all
levels during the cycle–run (C–R) transition [4], leading to a potential competitive advantage to athletes
that can minimise the presence of impaired movement coordination during the C–R transition. Indeed,
successful performance in triathlon is considered to be largely dependent on the ability of an athlete
to overcome the specific physiological [5], neuromuscular [6] and biomechanical [7] complications
associated with transitioning from cycling to running. Furthermore, recent evidence also suggests that
specific effects of the C–R exist between elite male and female triathletes [8]. As a result of the recent
increase in the number of short-course events held throughout the 2018/19 International Triathlon
Union (ITU) World Triathlon Series (WTS), as well as the advent of the Super League Triathlon series
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(variable short-course distances), and the inclusion of the mixed relay event at the 2020 Tokyo Olympics,
the relative importance of efficiently transitioning from C–R during triathlon, particularly during
short-course formats, is re-emphasised and with it, any potential limitations to running performance.

Table 1. Commonly raced formats of triathlon.

Event Swim Bike Run Course Structure Event Characteristics

Super sprint † 400 m
(0.25 mi)

10 km
(6.2 mi)

2.5 km
(1.6 mi)

Short circuit racing,
highly technical

Repetitive, high-intensity
accelerations, high power/speed,
technical courses, highly tactical,
drafting/non-drafting, emphasis

on C–R transition.

Sprint † 750 m
(0.47 mi)

20 km
(12 mi)

5 km
(3.1 mi)

Circuit racing,
criterium-style bike leg,

relatively technical

Repetitive, high-intensity
accelerations, high power/speed,
technical courses, highly tactical,
drafting/non-drafting, emphasis

on C–R transition.

Olympic * 1.5 km
(0.93 mi)

40 km
(25 mi)

10 km
(6.2 mi)

Often circuit racing,
draft/non drafting bike

leg, some technical
aspects

Repetitive, high-intensity
accelerations, high power/speed,
technical courses, highly tactical,
drafting/non-drafting, emphasis

on C–R transition energy
conservation/minimising physical

effort.

70.3 § 1.9 km
(1.2 mi)

90 km
(56 mi)

21.1 km
(12 mi)

Long course,
non-drafting bike leg,
out-and-back courses,

non-technical

Prolonged, submaximal
steady-state efforts, management
of energy consumption and effort,

non-drafting cycle leg,
non-technical course.

Ironman § 3.9 km
(2.4 mi)

180 km
(112 mi)

42.2 km
(26.2 mi)

Long course,
non-drafting bike leg,
out-and-back courses,

non-technical

Prolonged, submaximal
steady-state efforts, management
of energy consumption and effort,

non-drafting cycle leg,
non-technical course.

Mixed relay *,† 300 m
(0.19 mi)

8 km
(5.0 mi)

2 km
(1.2 mi)

Short circuit racing,
highly technical, similar

to super sprint events

Repetitive, high-intensity
accelerations, high power/speed,
technical courses, highly tactical,
drafting/non-drafting, emphasis

on C–R transition.

* denotes Tokyo 2020 event; † denotes short-course event; § denotes long-course event.

2. The Influence of Cycling on Running Performance in Elite Triathletes

2.1. The Disparity Between Cycle–Run Testing Protocols and Race Demands

Previous research has indicated that among highly-trained triathletes competing in short-course
and Olympic-distance triathlon, any negative impact of prior cycling on running performance is
minimal, compared to effects experienced by lesser trained, recreational triathletes [1,9–11]. However,
a majority of research investigating the C–R use constant/steady state or incremental cycling protocols,
prior to running. As a result, these findings may lack practical and training specificity for triathletes
competing in draft-legal short-course and Olympic distance triathlon where cycling is highly variable
with respect to both power output and cadence ranges [3] that would therefore, have a substantially
different impact on running performance [2]. Subsequent studies have aimed to replicate the metabolic
demand of cycling experienced during short-course triathlon, by prescribing constant cycling intensities
based on a percentage of maximal aerobic power (~72% MAP) [12] or above the ventilatory threshold
(~80% VO2max) [13]. Exercising at such intensities may reflect the average metabolic cost of the
cycle leg of short-course and Olympic distance triathlon however, considering the variable nature of
cycling during these formats of triathlon such testing protocols lack specificity, at least concerning
elite draft-legal short-course and Olympic distance triathlon. As a result, it could be argued that
non-specific testing protocols contribute to the lack of clarity regarding the understanding of the effects
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of prior cycling on running performance specific to elite short-course and Olympic distance triathlon.
Alternatively, others [11] have used a run-cycle–run protocol to determine the differences between
elite short-course versus elite long-course [12] and elite junior (male and female) versus elite senior
triathletes [10,14]. While the findings of these experiments provide valuable information relating to
identifying the physiological characteristics of select cohorts of elite triathletes, potentially aiding talent
identification and monitoring training progression, they do not specifically outline potential changes
among elite short-course and Olympic distance triathletes transitioning from C–R; that is a primary
aim of this short communication. Therefore, discussions of past research in Section 2 and summarised
in Table 2 of this short communication, will be limited to those articles that recruited elite triathletes
and used a variable-cycling protocol [15] (i.e., variable power output and/or cadence) prior to running
or a protocol that reflected the workload of a short-course triathlon [11] (Table 2).

2.2. The Effects of Variable-Cadence Cycling Protocols on Running Performance in Elite Triathletes

In order to specifically understand the impact of prior cycling on running performance previous
researchers developed a protocol to determine the effects of cycling on the movement pattern of
subsequent running (Table 2) [15]. These authors designed a moderate-intensity protocol aimed at
minimising the impact of fatigue. In particular, they identified typical cadence ranges from data
collected from elite triathletes competing at an international level to create their cycling protocol. Using
this variable-cadence protocol (i.e., individually preferred cadence, 55–60, 75–80, and 95–100 rpm),
on-going studies involving elite triathletes aimed to identify changes to the neuromuscular control [16],
muscle recruitment patterns [17,18], kinematics [17,19], biomechanics [11] and economy [6,20] of
subsequent running performance (Table 2).

Alternatively, others [21] have used moderate-intensity (variable-cadence) and high-intensity
(power profile test) protocols to quantify changes to the neuromuscular control between an
isolated/control run (IR) and C–R using electromyography (EMG) and joint angle waveforms
(kinematics) sampled from the muscles of the lower limb (i.e., quadriceps, hamstrings and gastrocnemius
and tibialis anterior) in elite triathletes (Table 2). Using the high-intensity, power profile test [21],
these authors reported that overall, cycling minimally affects the stride-to-stride reproducibility of
joint angles (<1.9◦) or muscle recruitment patterns (<5.1%) during the early phase of subsequent
running. Although, one participant did demonstrate altered muscle recruitment of biceps femoris
following moderate-intensity, variable-cadence cycling, suggesting that adaptation to the C–R may
be individual-specific. These results are in agreement with similar findings [6,17,19] indicating that
most elite triathletes are able to effectively replicate pre-cycling running patterns when transitioning
from moderate-intensity (variable-cadence) cycling. Moreover, using the same moderate-intensity,
variable-cadence cycling protocol, no significant change in average muscle recruitment patterns or
kinematics during the C–R, compared with an IR are evident [17,18]. However, among some elite
triathletes (5/14 participants), muscle recruitment patterns recorded from the tibialis anterior muscle
during the C–R closely reflect those recorded during cycling, and not the IR [17]. Alterations seen in
some elite triathletes could be reflective of previous evidence that associates elite triathletes with a
history of exercise-related leg pain (ERLP—5/10) with substantial (≥10%) alterations in EMG muscle
patterns during C–R [19]. These authors suggested that those elite triathletes with a history of
ERLP are ~2.4×more likely to have difficulty replicating neuromuscular control during running after
variable-cadence cycling. Similarly, increased variability in muscle recruitment patterns recorded in
the lower limb (coefficient of variation range = 18–37% has been observed during the early phase of
C–R, i.e., 0–180 s), compared to IR [18]. These findings may suggest the presence of neuromuscular
interference or the crossover of a generalised movement pattern that affects the control of running due
to the prior, repetitive performance of the cycling movement pattern [15,16]. Furthermore, the changes
in muscle recruitment patterns observed among some elite triathletes during the C–R, compared to an
IR, have been associated with a reduction in running economy (3.7 ± 0.9%) [6]. Similarly, significant
increases to the cost of running, respiratory exchange ratio, breathing frequency and heart rate have
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been reported among elite triathletes during the early phase of C–R, compared to an IR using the same
moderate-intensity, variable-cadence cycling protocol (Table 2) [20]. These authors also reported an
overall decrease in mean stride length (IR = 2.64 ± 0.18 v. C–R = 2.53 ± 0.17 m) and increase in mean
stride frequency at the mean response time, ~63% of time to steady-state (IR = 85.7 ± 2.7 v. C–R = 87.0
± 2.6 strides·min−1) and at 180 s (IR = 85.4 ± 2.6 v. C–R = 87.3 ± 2.7 strides·min−1) when running at the
same self-selected velocity (13.5 ± 0.9 km·h−1) during the IR and C–R condition. Furthermore, changes
in running mechanics suggest that leg stiffness increases in elite triathletes during running after a
bout of fatiguing cycling [11]. Increased leg stiffness during C–R may indicate superior elastic energy
storage and improved efficiency of repetitive stretch-shortening cycle movements during C–R [11].
Such biomechanical changes observed in elite triathletes, coupled with decreased stride length and
increased stride rate, may act to counter-balance the potential negative changes to other physiological
and neuromuscular variables in order to meet the demands of C–R.

2.3. The Effects of Variable-Power Cycling Protocols on Running Performance

The aforementioned research provides evidence to suggest that even at moderate-intensity
variable-cadence cycling can have a negative effect on subsequent running performance in at least
some elite triathletes. To date, no research has investigated the effects of variable-power cycling, at any
intensity, on subsequent running in elite triathletes. However, results of a previous study suggest that
variable-power cycling (i.e., 10–90 s intermittent efforts between 40–140% maximal aerobic power) had
a greater negative impact on C–R performance, compared to constant-power cycling (i.e., 65% maximal
aerobic power) among well-trained triathletes [22]. These authors reported significantly higher levels
of blood lactate at the start of the C–R after variable-power cycling (64 ± 61%) compared to that after
constant power cycling. The elevated blood lactate levels reflected a reduced running velocity at lactate
threshold (~4 mM) of 0.6 ± 0.9 km·h−1 during the C–R following variable-power cycling. Furthermore,
increased central and peripheral fatigue of knee extensor muscles after variable-power, compared to
constant power cycling, have also been reported in well-trained triathletes [23]. The participants in this
study did not complete any subsequent running after cycling however, the increased neuromuscular
fatigue that reflected a reduced strength output of the knee extensors of 12.8 ± 6.1% that would likely
contribute to a decrement in running performance.

Overall, variable-cycling does not appear to heavily affect muscle recruitment patterns and joint
kinematics in most elite triathletes competing in draft-legal short-course and Olympic distance triathlon,
during the C–R period. Despite this, it is well acknowledged that the physiological cost of running
during triathlon is substantially greater compared to IR [24], particularly during the early phase of
C–R (0–180 s) [18]. Moreover, among those elite triathletes whose running performance is impacted by
prior cycling, the effects are likely to have a substantially negative influence on overall performance;
while increased variability of muscle recruitment patterns and altered stride mechanics during the
early phase of C–R is evident among some elite triathletes and is more likely to be present in athletes
with a history of ERLP.
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3. Minimising the Effects of Cycling on Running Performance in Draft-Legal Short-Course and
Olympic Distance Triathlon

3.1. The Role of Fatigue during Draft-Legal Short-Course and Olympic Distance Triathlon

Fatigue has been defined as “the failure to maintain force output, leading to a reduced
performance” [25,26], “failure to maintain the required of expected power output” [27] and “any
decline in muscle performance associated with muscle activity” [28]. Fatigue can be classified based
on duration (acute/chronic), mental (cognitive or perceptual) and physical, referring to human motor
performance [29,30]. A form of physical fatigue effecting performance in muscle fatigue that is
considered the reduction in maximal force output and production of power in response to activity
involving muscle contractions [31]. Muscle fatigue is often a primary factor in limiting athletic
performance during high-intensity and/or prolonged exercise and is predicated by both central and
peripheral mechanisms [30]. Peripheral fatigue involves changes at or beyond the neuromuscular
junction independent of the central nervous system (CNS), involving mechanisms that impede
or impair neuromuscular transmission, impulse propagation, calcium release and uptake in the
sarcoplasm, substrate depletion (i.e., muscle glycogen depletion that precipitates fluid loss and
increasing cardiovascular and metabolic strain), and contraction coupling [32,33]. Meanwhile, central
fatigue occurs within the CNS resulting in a reduced neural drive to skeletal muscles [30,31] and is
thought to be due to changes in serotonin, dopamine and noradrenaline (norepinephrine) in specific
brain regions due to prolonged exercise [33]. It is important to note that the exact understandings of
the mechanisms involved in central fatigue are still being debated.

Every triathlete that has competed in elite-level draft-legal short-course and Olympic distance
triathlon is likely to have experienced fatigue and as such, it is reasonable to suggest that increased
fatigue, due to central and peripheral mechanisms, during elite draft-legal short-course and Olympic
distance triathlon has a significant impact on running and overall performance. More specifically,
the relatively duration and discipline distances of short-course and Olympic distance triathlon,
relative to long-course formats, lends itself to higher intensity racing that exacerbates particular
central and peripheral mechanisms responsible for fatigue. Indeed, the well reported increases in
the energy cost, blood lactate concentrations, heart rate and oxygen uptake during the swim-cycle
transition [34]; coupled with the documented increased oxygen cost [24,35–37], depletion of glycogen
stores [24,35,36], muscle fatigue [24] and fluid loss [24,35,38], as well as loss of coordination [7,15],
impairing neuromuscular control [6,17,18] and gait patterns [20,39] during the C–R transition is likely
due to the complex build-up of central and peripheral fatigue mechanisms that significantly affects
an elite triathlete’s physical performance, as evidenced by the progressive reduction in pace during
short-course triathlon [40]. Therefore, it is necessary for elite triathletes, to limit the fatigue-related
changes to physiological, neuromuscular or biomechanical variables that impact their performance by
adopting strategies that attempt to minimise the build-up of fatigue and the accompanying negative
impact on their performance [1,40]. Strategies (i.e., drafting, positioning and pacing) that would
likely limit the fatigue-related changes to physiological, neuromuscular or biomechanical variables are
discussed in the following section. Adopting such strategies would likely minimise effects of cycling
on running performance during draft-legal short-course and Olympic distance triathlon, resulting
in the conservation of energy that could translate in to an improved C–R transition and therefore,
overall performance.

3.2. Impact of Drafting during Cycling on Running Performance

Typically, the energy expended in order to overcome rolling and frontal air resistance contributes to
the increased cost of running after prior cycling during triathlon [1]. As such, the most effective means
of minimising the effect of cycling on running performance is by drafting that involves riding behind
one or several riders during cycling. Riding in a tightly formed group of riders (i.e., peloton/bunch)
increases the drafting effect as the larger number of riders provides shelter from frontal air resistance
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(i.e., wind) [41]. Indeed minimising the wind resistance can lower the aerodynamic drag down to
50–70%, compared to riding isolated [42,43]. Moreover, sheltering in the mid-rear of a peloton can see
drag reduced down to 5–10% [41], resulting in a substantially reduced energy expenditure [41,44]. In
order to best maximise drag reduction when drafting, a rider can adopt a more aerodynamic road
cycling position (i.e., riding in the drops) on the bike by decreasing their torso angle (i.e., between
0–16◦) to reduce their frontal area [45] and therefore, aerodynamic drag by up to 20% [45,46]. Adopting
a more aerodynamic cycling position does result in altered muscle activation patterns [47] and could
potentially increase the physiological cost of cycling [48]. However, it appears that the benefits of
maximising aerodynamics in order to improve the drafting effect outweigh any physiological cost [48].
Moreover, previous reviews have highlighted the benefits of drafting during triathlon that minimises the
performance decrement during the C–R, contributing to a better overall race performance [1,2,7,40,49].
In particular, VO2 (~14%), ventilation (~30.8%), heart rate (~7.5%) and blood lactate concentrations
are all reduced when drafting during 20 km of cycling at average speed of 39.5 km·h−1, compared to
isolated cycling, resulting in a 4% improvement (running speed; 17.8 versus 17.1 km·h−1) in running
performance during a sprint triathlon [50]. An even greater decrease in the energy cost of cycling has
been shown when drafting behind a larger number of cyclists (eight versus, one, two and four cyclists)
and has a significant influence on subsequent running performance [50].

3.3. The Importance of Positioning during Cycling on Running Performance

A triathlete can effectively improve their subsequent running performance by drafting to minimise
energy expenditure, especially during the cycle leg of draft-legal, short-course and Olympic distance
triathlon. However, the benefits of drafting are dependent on the number of athletes, their formation
during cycling and the ability of the athlete to position and handle their bike within the bunch [40].
Indeed, it has been suggested that cycling speed increases substantially during the last kilometre of the
cycle leg during elite triathlon due to athletes trying to attain a good position [7] toward the front of
the bunch. Entering transition two (cycle–run: T2) at the front of the bunch would improve an athletes
chance of minimising time in transition and may result in a better race performance [7]. Furthermore,
the ability of a rider to maintain a good position at specific points during the race would likely result
in conserving energy that could improve C–R performance. For example, riding at least 8 riders
back from the front of the bunch during the early-latter parts of the cycle leg would maximise the
drafting effect [50]. Additionally, moving in to the top 8 riders within the final kilometre(s) of cycling
would reduce the intensity and number of accelerations performed [51] resulting in conservation of
energy [2] and a better chance of moving through T2 more effectively than a rider positioned further
back. Indeed, in road sprinting, positioning within the final kilometre(s) of a race (i.e., no less than
9 riders back) translates into a greater chance of winning, compared to a rider not positioned toward the
front of the bunch [52]. As such, an athlete competing in draft-legal short-course and Olympic distance
triathlon would benefit from having the skills necessary to navigate a bunch in order to effectively
position themselves at certain points of the cycling leg to maximising the benefits of drafting in order
to improve their running performance. Therefore, working on bunch riding and handling skills (i.e.,
cornering technique, rider-to-rider contact, effective braking, moving through gaps) to improve the
athletes’ ability to maximise the drafting effect, while maintaining an optimal pedaling frequency and
conservative pacing strategy, would be beneficial.

3.4. Effects of Pedalling Frequency during Cycling on Running Performance

Despite the reported energy saving benefits of drafting during elite short-course and Olympic
distance triathlon [50], it is suggested that variability of power output and cadence increases as a
by-product of drafting [53]. In particular, pedalling frequency (PF) influences the physiological cost and
running performance during the C–R [13,54–56]. It has been reported that higher PF (cadence range
80–120 rpm) increases the oxygen cost and negatively affects subsequent running performance [55,56].
In order to combat the negative effects of high PF cycling and maximise running performance, it has
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been suggested that triathletes cycle at cadences between 70 and 80 rpm [1,57] and focus on reducing
physical effort (power output) during the final minutes of the cycle leg [1]. However, a freely chosen
cadence of ~90 rpm during submaximal cycling is considered biomechanically optimal [58,59]. Ideally,
it is recommended that elite triathletes competing in draft-legal short-course and Olympic distance
triathlon can minimise the effects of PF on C–R performance by maintaining a freely chosen PF close
to ~90 rpm. Despite the understanding of the effects of PF on C–R performance, the underlying
mechanisms of the physiological, biomechanical and neuromuscular adaptations are not thoroughly
understood [2].

3.5. Effects of Pacing Strategies on Short-Course and Olympic Distance Triathlon Performance

The minimisation of energy expenditure through drafting and effective positioning during
draft-legal short-course and Olympic distance triathlon could be complimented by adopting an
efficient pacing strategy, that is a conscious plan to regulate physical effort [40], during the cycle leg.
Furthermore, carrying a pacing strategy in to the subsequent run leg of a triathlon can substantially
improve an athlete’s overall performance [5,60–62]. Triathletes of all levels, competing across most
disciplines typically adopt a fast-start pacing strategy at the beginning of each new discipline (i.e., swim,
cycle, run) during a race [40,61]. The fast-start strategy is thought to be due to high intensity of the swim
leg in order to gain a good drafting positioning, “race dynamics” and environmental conditions [40].
However, the analysis of race pacing during elite ITU competition would indicate that a fast-start
strategy is not the most efficient form of pacing [5,40,49,60–63]. However, differing pacing strategies
may be required for certain disciplines of triathlon and between male and females triathletes [63].
Indeed, the current evidence suggests that top overall performers complete the first 400–500 m of the
swim significantly faster than slower swimmers (i.e., positive pace strategy) [49]. This allows these
athletes better positioning during the swim, among the top swimmers, maximising the drafting effect
and resulting in a better swim exit that would lead to a more efficient cycle leg [40,61,62]. Alternatively,
slower swimmers exit onto the bike further back and therefore, have to cycle faster, leading to an
increased energy output that is inversely related to running performance [49,61]. However, it should
be noted that previous research suggests that reducing swim speed (80–85% of mean swim speed)
resulted in faster cycling performance [64]. Reducing swim speed during a race-situation may be
detrimental to overall performance therefore, improving swimming ability that enables a triathlete to
start-fast during the first 400–500 m and then maintain a steady swim pace below 90% of their maximal
speed [40,64] could be seen as a preferred pacing strategy.

As previously mentioned, cycle pacing during draft-legal triathlon is heavily dependent on
the number of riders in the pack, its configuration and the tactical location of other athletes [40].
Additionally, the importance of maintaining a position at the front of the bunch in an attempt to
maximise the drafting effect and the pace of the leading athlete influence the pacing strategy of the
cycle discipline [40]. As such, a fast-start pacing strategy is most commonly seen among all respective
bunches, however, the pace of the “chasing” bunches likely remains higher than that of the front/lead
bunch who often reduced their speed in the final few kilometres prior to the C–R [40]. Together, these
“race dynamics” often results in variable-paced cycling.

Similar, to the swim and cycle disciplines, triathletes commonly adopt a reverse J-shaped pace
during triathlon running [40,49,61], characterised by a fast-start that declines through the mid-race
and then ramps during the final phase [40]. It is unknown whether this run pacing strategy is
the most effective for overall performance; rather it is likely determined by “race dynamics”. The
reverse J-shaped pacing strategy contradicts the current evidence that advocates for an even-paced run
strategy [5,60,61]. Specifically, adopting a running speed 5% slower than an athlete’s average 10 km
pace, during the first kilometre of the run, resulted in a superior run performance [5]. These authors
suggested that the slower pace during the early C–R period reduced the development of fatigue,
compared to a fast-start strategy, contributing the improved running performance. However, during
short-course (i.e., sprint distance, super sprint, and mixed relay) a fast-start strategy may be more
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beneficial [40,65,66]. A fast-start pacing strategy has been shown to improve oxygen uptake kinetics
during exercise lasting between 3–7 min, indicated by improve 3-min cycling performance [66].

Based on the current evidence the following pacing strategies for draft-legal short-course and
Olympic distance triathlon are considered most efficient in order to achieve a high overall placing:

(a) Swim: fast 400–500 m, followed by adopting an even pace, below ~90% maximal swim speed, for
the remainder of the swim.

(b) Cycle: despite the likelihood of a variable-paced cycle, athletes should aim to maximise the
drafting effect through adopting an aerodynamic positioning and ensuring they are positioned
efficiently at specific points during the cycle leg. Additionally, maintaining a PF of ~90 rpm and a
constant pacing strategy, as well as decreasing their efforts during the latter phase (at least during
the final 1 km) of the cycle discipline in order to conserve energy for the C–R. Alternatively,
a fast-start strategy is recommended based on the previously reported superior performance
during short duration cycling exercise.

(c) Run: athletes should aim to adopt a slightly slower pace (~5% below 10 km pace) during the first
kilometre during the C–R and hold a constant pace throughout the run discipline. Alternatively,
during short-course triathlon (i.e., sprint distance) a fast-start strategy is recommended.

It is acknowledged that the aforementioned pacing strategies are heavily dependent on other
variables and as such athletes will need to react to specific race situations accordingly. However,
the pacing strategies provided are based on data collected during elite draft-legal Olympic distance
triathlon, namely the 2002 ITU Lausanne World Cup [61], 2007 ITU Beijing World Cup [63,67] and the
2009 European Triathlon Championships [60], and as such can be considered specific to draft-legal
short-course and Olympic distance triathlon.

3.6. Effect of Swimming on Cycling Performance Prior to Running

Transitioning from swimming, a predominantly upper-body movement, to cycling that is a
predominantly lower-body movement presents some difficulties, mainly blood pooling in the arms [2]
that may delay redistribution of blood flow around the body when moving from a supine to upright
posture. Moreover, it has been demonstrated that high-intensity swimming substantially increases the
physiological cost during subsequent cycling [40,68]. In particular, reduced efficiency (~13%), increased
[La-] (~56%) and elevated VO2 (~5%) have been reported during the first 5-min of a 30-min bout of
cycling [34]. However, in comparison to the C–R transition, it is reasonable to suggest that there is a
relatively small amount of research investigating the effects of swimming on subsequent cycling and
running performance. Apart from the difficulties of reliably conducting swim-based laboratory testing,
the lack of focus on the swim-cycle transition, compared to the C–R, is likely due to the suggested weak
correlation (r = 0.9730) between swim duration (~10% of total race time) and overall race time [69].
These authors suggested that run performance is considered a better overall predictor of triathlon
performance (r = 0.97) and therefore, improving the C–R performance would likely contribute to a
better race performance. However, the correlation between the time of the discipline (i.e., swim, cycle or
run) may not be entirely reflective of performance, especially at an elite level [68]. Analysis of race data
has shown that swimming performance has a substantial impact on an athlete’s overall performance,
particularly during draft-legal sprint and Olympic distance triathlon [1,49]. Analysing race data from
an ITU World Cup event it was reported that the races’ top performers swam significantly faster
during the first 400–500 m putting them in to a better swim-exit position [49]. Consequently, the slower
swimmers had to cycle significantly faster during the first 20 km of the cycle leg, likely compounding
the negative effects of the C–R. These authors concluded that running performance largely determines
overall performance and is inversely related to cycling speed in the early period of the cycle leg. These
findings indicate that a superior swim performance can largely reduce the energy cost of cycling,
contributing to an improved running performance. However, continued research by these authors
demonstrates that pacing strategies during triathlon is different between sexes [61]. Interestingly,
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using similar ITU World Cup race data, these authors concluded that cycling performance is more
important for elite female triathletes, compared to their male counterparts. It was reported that male
triathletes who swam slower had to ride significantly faster in order to ‘bridge’ to the front group(s)
prior to the C–R transition. Furthermore, those athletes in the first pack (superior swimmers) did,
on average, run faster during the run leg compared to the athletes in packs two and three (slower
swimmers). Alternatively, it has been proposed that elite female triathletes with superior swim and
cycle performances significantly improve their chances of a higher overall finishing position compared
to those athletes with a weaker swim/bike capacity [61]. Such findings have substantial training and
race strategy implications in those elite female athletes with a superior swim/bike performance could
isolate their competitors who possess a superior run performance but who are weaker swim/bikers.
Overall, this race data indicates that superior swimming performance can substantially minimise the
decrement in running performance during triathlon in both elite male and female athletes.

3.7. Specific Training Aimed at Minimising the Potential Effects of Cycling on Running Performance

Replicating race situations in training is a difficult task. However, for those elite triathletes whose
running performance is affected by prior cycling, specific training aimed at adapting to the C–R
transition should be considered. Common training modalities of elite triathletes has been previously
reported however, the data suggests that C–R type sessions are not regularly used [70]. Furthermore,
to the author’s knowledge, only one previous study has looked at the effects of repetitive C–R training
on performance [71]. These authors reported that six weeks of multicycle–run training sessions did
not improve C–R performance however; improvements in the C–R transition were evident among
the triathlete cohort. Despite the lack of evidence regarding C–R training in elite triathletes, such
training may be beneficial for those elite triathletes identified as having difficulty replicating muscle
recruitment patterns and neuromuscular control of running after cycling. This type of sequential
“brick” training may serve to evoke a training effect that refines the central nervous system’s use of
a generalised movement strategy [72] that may govern cycling and running motor patterns among
elite triathletes sensitive to the negative effects of the C–R [16]. Furthermore, the current literature
suggests that variable-cycling does increase the physiological cost (i.e., [La-], RE, CR, RER and HR) of
subsequent running in elite short-course and Olympic distance triathletes [11,20,73]. Incorporating
multicycle–run training sessions in to the training programs of elite triathletes may assist with
developing physiological adaptations to the C–R [71]. However, our current understanding of the
training effects of back-to-back, “brick” or multicycle–run sessions on adaptation to the C–R are limited
and requires further investigation.

However, should coaches and sports scientists use C–R training sessions as part of an elite
short-course and Olympic distance triathlete’s training program, the intensity should be reflective
of the demands experienced during a race and completed as such. Currently, moderate-intensity
variable-cycling appears sufficient enough to induce effects experienced during the C–R; however,
to replicate race-specific demands during training, variable and repetitive high-intensity C–R
efforts would likely be more beneficial [71]. The implementation of C–R training sessions that
use variable-power/cadence cycling prior to running is likely to evoke a more specific training stimulus
that may contribute to an improve ability to absorb repeated, high-intensity accelerations during
draft-legal triathlon [74] and therefore, minimise any negative effect during the C–R period leading to
a better overall performance. In addition, adopting a reverse J-shaped paced running strategy (i.e.,
fast-start, gradual decrease in speed, with a late acceleration of speed), commonly experienced during
Olympic distance triathlon [40], would further exposure select elite triathletes to race-specific demands
of the C–R transition and potentially improve adaptation. However, it should be noted that alternate
pacing strategies are considered to be more efficient and may result in better overall performance.
Another means of evoking the specific characteristics of the variable nature of cycling and running
experienced during elite short-course and Olympic distance triathlon would include training with
other elite triathletes where the pace of cycling and/or running is influenced by the individuals [40].
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4. Future Recommendations

4.1. Considerations for Future Research

Currently, there is a limited amount of research investigating the effects of variable-cycling on
running performance among elite triathletes and as a result, there is considerable scope to conduct
further research within this area. However, based on the lack of clarity within the literature, it is
recommended that future research should:

(I) More rigorously define the performance/ability level of the experimental population based on
pre-defined criteria. For example, elite triathletes can be defined using a previously defined
criteria [75] or based on an ITU world ranking inside the top 125 [2] or their current competitive
level, i.e., national/international level (Table 2). Alternatively, using physiological characteristics,
such as VO2max or VO2peak, to define the “trained” status of the triathlete population [76,77] may
minimise the miscategorisation of the experimental cohort and therefore, improve the training
implications of the research, specific to the target triathlete population.

(II) Define the format of triathlon that the testing populations competes. As previously outlined in
this article (Table 1), there are various formats of triathlon that can be categorised as short-course,
Olympic or long-course, each requiring differing skill sets and physiological output of triathletes.
Defining the racing format of the testing population would largely improve the translation of the
research findings.

(III) Implement testing protocols that are specific to the category of triathlon (i.e., short-course, Olympic
or long-course) in which the testing population competes. For example, if the testing population
predominantly competes in short-course triathlon, characterised by variable-, high-intensity
cycling, the testing protocols should reflect this. Such testing protocols can be developed or
refined using previously reported race data [49,61,78]. Although, within the current literature
two field-based [79,80] and three laboratory-based [11,15,81] testing protocols have been reliably
validated [15,82]. Therefore, should researchers not use any of the aforementioned protocols, they
should at least adopt a testing protocol that resembles the changes a triathlete, male or female,
elite or novice, is likely to experience.

(IV) Despite the previously mentioned changes in running performance after submaximal
variable-cycling, experimental testing should be conducted using intensities that better reflect the
demands that the triathlete cohort are likely to experience during racing.

(V) Investigate the use of alternative methodological techniques to help quantify the mechanisms
influencing C–R performance. For example:

a. Techniques including evoking compound motor action potential (Mmax) in peripheral nerves
(i.e., peripheral nerve stimulation), along with the use of transcranial magnetic stimulation
and electrical stimulation can provide an understanding of the level of neuromuscular
fatigue experienced during exercise [83,84]. In particular, these techniques have been used to
detect changes in motoneuron excitability of the quadriceps muscles during exercise [84,85]
and could be used to analyse the effect of the C–R on motoneuron excitability of the leg
musculature as a way of identifying any potential neuromuscular fatigue.

b. Previously, intra-individual variability of gait cycles and cycling patterns have been analysed
using variance ratio formulae [86,87]. Such a formula could be used to analyse the reliability
and consistency of replicating running gait patterns in order to quantify the reproducibility
of efficient muscle activation patterns during C–R performance. For example, plotting
muscle activation pattern across a time series during the C–R period would provide a visual
representation of any athlete that has difficulty reproducing pre-cycling running patterns.
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4.2. Incorporating New Technologies and Techniques into Triathlon Research

The increasing use of technology (i.e., power meters, GPS, blood lactate analysers, digital training
platforms) in triathlon provides researchers with the ability to collect and analyse in-field data specific
to the demands of each discipline. Access to such data could assist in the development of more specific
laboratory-based experimental protocols and the refinement of analysis procedures that would carry
a greater degree of practicality for the target triathlete populations. In particular, the use of power
meters during cycling provides coaches and sports scientists with detailed power profiles of race course
that can be used to develop specific training sessions that can be implemented during race-specific
preparation. Meanwhile, the use of wearable GPS tracking units could be used to collate training
load, paired with online training platforms, to minimise occurrence of soft tissue injuries [88–90].
Furthermore, the paired use of power meters and GPS can be used by the athlete and coaching staff

to develop pacing strategies for specific races, as well as allowing the athlete to monitor their pacing
throughout an event in order to maximise their overall performance. Additionally, other wearable
motion analysis devices based for example on inertial measurement units (e.g., Leomo® TYPE-R,
Leomo, Boulder, CO, USA) could be used to provide real-time data on power output, kinematics and
biomechanical alterations outside of a controlled laboratory setting. Using such “live” and in situ
motion analysis would likely improve the ability of coaches and researchers to more readily identify
those triathletes susceptible to negative C–R performance and provide on-the-spot feedback to athletes
that would provide considerable advancement in the specificity of training for triathlon. Additionally,
this technology could be used “live” at races or as part of testing procedures in order to provide athletes
with direct feedback of the physiological, kinematic and biomechanical changes they are experiencing
during the C–R, and therefore, potentially assisting with them adopting different pacing strategies
and/or adjusting their race tactics accordingly.

Investigating more sensitive measures of physiological, neuromuscular and biomechanical
alterations surrounding the C–R transition should also be encouraged. For example, sagittal plane
kinematic analysis suggests elite triathletes are able to replicate pre-cycling running patterns during
the C–R transition [16]. However, analysing motor patterns using two-dimensional sagittal plane
kinematics is typically limited to quantifying the excursion of individual joint angles and is limited in
its ability to account for temporal changes or changes to the coordination of the segments of the leg
during a gait cycle. Alternatively, analysing the coordination of the segments of the leg (i.e., thigh,
shank and foot) together, using intersegmental coordination, has suggested that neural control of
the leg is highly regulated in order to maintain equilibrium during walking and running [91–93].
Furthermore, the regulation of segmental coordination of the leg, during locomotion, has been linked
to movement economy [91,92]. Applying such a measure may assist in the identification of those elite
triathletes susceptible to kinematic and physiological changes induce during C–R performance.

5. Conclusions

In conclusion, the current evidence available shows that variable-cycling has minimal effect of
running performance in elite triathletes. However, cycling does negatively affect running performance
in some elite triathletes. Specifically, reductions in running economy, increased variation in muscle
activation patterns and changes to stride patterns at intensities below that experienced during racing
have been reported among affected elite triathletes. Furthermore, it is reasonable to estimate that these
negative effects would be amplified under high-intensity conditions [16]. Meanwhile, pacing strategies
employed during the swim and cycle disciplines appear to influence subsequent running and overall
performance among all elite triathletes. Despite this, there are ways that an athlete and their coach
can minimise the physiological, neuromuscular and biomechanical decrements associated with prior
swimming and cycling on C–R performance, such as through drafting, effective bunch positioning,
adopting efficient pacing strategies, pedaling frequency and C–R training. It is likely that short-course
triathlon racing will continue to gain momentum as a specialty discipline within triathlon, similar to
that of 70.3 and Ironman. In response, future research should apply specific criterion for defining the
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caliber of the experimental cohort in order to not miscategorise the ability of the athletes and use testing
protocols that reflects the demands of racing experienced by the experimental population. Continued
research should aim at refining and developing new laboratory analysis procedures and in-field
testing methods that improve the ability of coaches and scientists to identify those elite triathletes
susceptible to the negative effects of cycling on running performance, in order to improve specific
training strategies. Additionally, a continued focus on the analysis of current race data will provide a
more in-depth understanding of the ever-changing demands of draft-legal short-course and Olympic
distance triathlon that will in-turn shape the direction of future research.
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Abstract: Triathlon is a popular sport for both recreational and competitive athletes. This study
investigated the rates and patterns of stress fractures in the German national triathlon squad.
We developed a web-based retrospective questionnaire containing questions about the frequency
of stress fractures, anatomic localisation and associated risk factors. The survey was conducted
as an explorative cross-sectional study. Eighty-six athletes completed the questionnaire. Twenty
athletes (23%) sustained at least one stress fracture. All documented stress fractures were located in
the lower extremities. Factors associated with a higher risk for stress fractures were female gender,
competitive sport prior to triathlon career, Vitamin D or iron deficiency, menstrual disturbances
and a high number of annual training hours. Disseminating knowledge among athletes and their
professional community in order to raise awareness about early symptoms and relevant risk factors
could help to improve prevention and reduce the incidence of stress fractures.

Keywords: triathlon; injury; stress fracture; risk factors; prevention

1. Introduction

Triathlon is an endurance sport that is growing in popularity. Given its multisport nature,
it comprises three disciplines in one event: swimming, cycling, and running. There are numerous
competitive events ranging from sprint distance (0.75 km–20 km–5 km) to long distance triathlon
(3.8 km–180 km–42 km). Moreover, related formats are duathlon or relay competitions. The Olympic
Games reflects the highest achievable sporting event for short distance athletes. Triathlon has been
included in the Olympic Program since Sydney 2000. Among long distance triathletes, the Ironman®

World Championships Hawaii, represents the most famous competition.
In Germany, triathlon is governed by the Deutsche Triathlon Union (DTU). Currently, DTU

includes 58,000 members, and continues to grow [1]. An important function of the DTU is the
development and promotion of young and elite athletes. These are organized in a system of different
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national and federal state squads [2]. In order to provide a structured training environment, DTU has
set up several national training bases where most of the squad athletes are located [2].

Injuries and the consecutive loss of training and cancellation of competitions inevitably have
an impact on athletes. Various studies showed that in triathlon, overuse injuries are more common
than acute injuries, accounting for up to 79% [3–6]. Recent observations of DTU confirm the rising
incidence of stress fractures among their squad athletes [7]. Furthermore, the latest cases of stress
fractures in professional long-distance triathletes like Jan Frodeno and Ben Hoffmann, forcing them to
default the World Championships in Hawaii, show the devastating consequences of this injury [8,9].
Consequently, the need to identify potential risk factors led to the conception of this study. Another
aspect is that, to our knowledge, there is no investigation about the occurrence of stress fractures in
triathletes. In order to improve the prevention of stress fractures and the management of risk factors,
it is crucial to understand which athletes are prone to this injury. Therefore, data about the occurrence
of stress fractures and their anatomic localisation, as well as relevant factors that are aetiologically
associated with stress fractures, were requested. The primary aim of this study was to identify the
prevalence of stress fractures among German elite-triathletes. The secondary aim was to find factors
that may act as possible predictors of stress fractures such as gender, BMI, triathlon career, nutritional
deficiencies, menstrual irregularities or biomechanical factors. This could lead to new hypotheses and
further studies to find causal relationships.

2. Materials and Methods

This investigation was carried out as an explorative cross-sectional study using a web-based
questionnaire. In November 2017, athletes of the 2017 DTU-Triathlon squad were contacted by email
either directly or indirectly via their national coach. Beforehand, all national coaches were introduced
to the study during a DTU Elite Sport Conference. They received both a description of the study for
informed consent and an online link with access to the web-based questionnaire. Athletes were then
asked to complete the questionnaire on a voluntary basis. Participants gave their informed consent by
completing the questionnaire. In January 2018, the survey period was closed.

The study particularly focused on elite athletes. Therefore, a precondition for participation was
the membership to a German national squad (A-, B- or C-team) or Federal State squad (D- or D/C-team).
In 2017, the German national team involved 59 athletes. Distributed over the 16 state federations; the
Federal State squads included 209 athletes. Consequently, 268 athletes were potentially available and
contacted for this investigation.

All information was collected retrospectively using both open-ended and multiple choice questions.
The questionnaire was distributed into three sections: 1. General questions about anthropometric
information, e.g., age, gender or body weight; 2. Questions with regard to their training habits and
health issues such as menstrual function or nutritional status; 3. Questions about the occurrence of
stress fractures divided into the time before, during and after the fracture. Athletes who had not yet
sustained a stress fracture were allowed to exit the questionnaire after finishing the second section.
All information was gathered by laypeople.

After the survey period, all data were collated into Microsoft Excel® (Version 15.0; Microsoft
Corporation, Redmond, WA, USA) and anonymised. Subsequently, data were transferred to SAS®

(Version 9.4; SAS Institute, Cary, NC, USA) for statistical analysis. For the purpose of data description,
the results were specified by median (Q1; Q3), average (±SD) and minima and maxima. The central tool
for the measurement of risk was univariate Odds Ratio (OR), followed by a test for significance using
Pearson’s chi-square-test, Fisher’s exact test (when sample size was low) or Wald-tests (for continuous
variables). Univariate ORs were estimated using an SAS-Macro which was based on Wald confidence
limits. For all tests, the significance level was set to 5%. The calculation of the incidence rate was
performed as division of the sum of the number of stress fractures with the sum of total person-years
under risk. Due to the chosen study design, that is cross-sectional investigation, and due to the high
number of targeted events, ORs should not be interpreted as measurements of relative risks.
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All procedures were carried out in accordance with the local ethics committee of Technical
University Dresden (Protocol number: EK 399102017; Date of approval: 26 September 2017) as well as
with the Declaration of Helsinki.

3. Results

3.1. All Survey Participants

A total of 136 athletes (50.7%) responded to the survey. Fifty athletes did not complete the
questionnaire in its entirety. They mostly left the Online-survey in the first part (General questions)
right after the beginning of the survey. Therefore, they were excluded from analysis due to incomplete
data. Consequently, 86 (63.2%) athletes could be subjected to analysis. Of the 86 participants, 47 were
male (55%) and 39 were female (45%) athletes. The anthropometric characteristics and training
habits are shown in Table 1. On average, the athletes were 17.45 years old when they submitted the
questionnaire. According to the age group definitions of DTU [10], the age group “Under 18” was the
highest proportion. The distribution of athletes to the different squads is shown in Table 2 following
the definitions of the German squad system until 2017 [11].

Table 1. Anthropometric characteristics, triathlon career, weekly training habits and the number of
competitions of all participants, the group of athletes who sustained a stress fracture and of those who
did not sustain a stress fracture are listed. All numbers refer to the 2017 season due to the retrospective
nature of the survey. For all categories, average values (±SD), minima and maxima are shown.

Categories
All Participants Injured Participants Non-Injured Participants

Average
(±SD)—Min/Max

Average
(±SD)—Min/Max

Average
(±SD)—Min/Max

Anthropometric characteristics

Age (years) 17.5 (±3.3)—12/34 18.0 (±2.7)—12/23 17.3 (±3.4)—13/34
BMI (kg/m2) 19.9 (±1.4)—16/24 20.4 (±1.9)—16/24 19.8 (±1.2)—16/22

Triathlon career

Experience in triathlon (years) 6.4 (±2.8)—1/14 5.9 (±2.7)—3/11 6.5 (±2.9)—1/14

Weekly training habits

Duration/week, Total (h) 16.4 (±5.5)—7/46 19.5 (±8.0)—8/46 15.5 (±4.1)—7/25
Duration/week, Swim (h) 6.0 (±2.4)—0/20 7.2 (±3.4)—3/20 5.7 (±2.0)—0/10
Duration/week, Bike (h) 4.1 (±1.9)—0/10 5.1 (±2.1)—2/10 3.8 (±1.8)—0/8
Duration/week, Run (h) 3.9 (±1.7)—1/12 4.6 (±2.1)—3/12 3.7 (±1.6)—1/12

Duration/week, Others (h) 2.3 (±1.3)—0/6 2.7 (±1.5)—1/6 2.1 (±1.3)—0/6
Distance/week, Swim (km) 16.3 (±5.6)—1/40 19.5 (±6.4)—6/40 15.6 (±4.8)—1/25
Distance/week, Bike (km) 110.2 (±55.6)—4/241 131.6 (±57.2)—31/241 105.7 (±52.9)—0/240
Distance/week, Run (km) 34.6 (±13.6)—4/70 37.6 (±13.9)—7/70 34.2 (±13.0)—6/60

Annual competitions

Competitions (no.) 8.4 (±3.2)—0/21 7.8 (±4.0)—0/15 8.7 (±3.0)—0/21

Table 2. The membership to either the German national squad or one of the 16 Federal State squads
is shown. According to the squad system until 2017, squads are further divided into an A-, B- or C-
team within the national squad and into a D/C- or D-team in the Federal State squad. For all categories,
absolute and relative proportions are listed.

Categories N (%) (n = 86) Total (n = 86)

German national squad
A 1 (1%)

15 (17%)B 10 (12%)
C 4 (5%)

Federal State squad D/C 13 (15%) 71 (83%)
D 58 (67%)
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Of all participants, 56 (65%) had competed in another sport prior to their triathlon career. The most
frequent sports were swimming (36%) and track and field sports (29%). All athletes participated
mainly over short distances like Super Sprint (<0.5 km, <13 km, <3.5 km) and Sprint distance (0.75 km–
20 km–5 km). As shown in Table 3, some athletes suffer from biomechanical issues, nutritional deficits
or, referring to the female athletes, from menstrual irregularities. Treatment of the biomechanical
issues was mainly carried out by specific shoe inserts or physical therapy. Amongst the nutritional
supplementation, Vitamin D and iron supplements were most frequently taken.

Table 3. Categorical variables to describe gender distribution, biomechanical issues, nutritional deficits
and menstrual irregularities. The numbers refer to the group of all athletes, injured and non-injured
athletes. For all categories, numbers and percentages are shown.

Categories
All Participants Injured Participants Non-Injured Participants

N (%) (n = 86) N (%) (n = 20) N (%) (n = 66)

Gender

Female gender 39 (45%) 12 (60%) 27 (41%)
Male gender 47 (55%) 8 (40%) 39 (59%)

Biomechanical issues

Misalignment of feet 27 (31%) 4 (20%) 23 (35%)
Misalignment of leg axis 14 (16%) 2 (10%) 12 (18%)

Unequal leg length 10 (12%) 1 (5%) 9 (14%)
Unspecified 3 (3%) 0 3 (5%)
Treatment 1 19 (35%) 3 (43%) 16 (24%)

Nutritional deficits

Iron deficiency 29 (34%) 9 (45%) 20 (30%)
Vitamin D deficiency 10 (12%) 3 (15%) 7 (11%)

Nutritional supplementation 24 (28%) 9 (45%) 15 (23%)

Menstrual irregularities 2

Irregular menstrual cycles 12 (31%) 5 (42%) 7 (11%)
Amenorrhea 5 (13%) 5 (42%) 0

1 Refers to those athletes who claimed a biomechanical issue. 2 Refers only to female athletes (n = 39).

3.2. Injured Participants

At the time of submission, 24 athletes had sustained a stress fracture. Yet, only 20 responses could
be statistically analysed because four participants reported self-diagnosed stress fractures or different
injuries. Those replies had to be sorted out due to the low validity of self-reported stress fractures [12].
Hence, 15 athletes with one stress fracture, four athletes with two stress fractures, one athlete with
three stress fractures and 66 athletes with no stress fracture were transferred into the evaluation. This
totaled 23%. Taking the number of occurrences per total person-years into consideration, the incidence
rate was 4.8%/year (95% CI (approximate confidence interval: 3.0–6.5%). Among the group of injured
athletes, 8 (40%) were male and 12 (60%) were female athletes. Their detailed description can be found
in Tables 1 and 3. Seven athletes belonged to the German national squad and 13 athletes to a Federal
State squad, especially to the D-Team. Fifteen athletes (75%) were active in a different competitive sport
prior to their triathlon career. Common sports were swimming (N (%): 7 (47%)) and track and field
sports (N (%): 7 (47%)). The number of biomechanical issues, nutritional deficiencies and menstrual
irregularities can be found in Table 3.

All stress fractures were localised in the lower extremities. The main anatomic localisations were
the metatarsal bones (52%). In four cases (19%), athletes sustained a fracture of the femur or femoral
neck, respectively. In six cases, the lower leg was affected—2 times (10%) for each tibia, fibula and
calcaneus. Athletes sustained their first reported stress fracture with an average age of 16.9 (±2.5) years.
Minimum age was 12 years and maximum age was 22 years.
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Prior to the occurrence of the stress fracture, 12 athletes (57%) had increased their training.
This mainly (75%) referred to an increase in the distance per week, especially of the running distance.
Furthermore, it seems plausible that 10 athletes (48%) had participated in a training camp for
10.45 (±3.50) days on average. However, changes of diet, body weight, equipment or technique played
a minimal role. Likewise, a predominant hard surface or a specific running technique did not influence
the injury occurrence.

All athletes felt pain in the particular location as initial symptom. For the most part, the pain
arose in training N (%): 16 (76%)), during (N (%): 19 (90%)) or after (N (%): 16 (76%)) activity and
was increasing (N (%): 16 (70%)) or was consistent (N (%): 5 (22%)) in the course of time, respectively.
However, regardless of the anatomic localisation, all symptoms were assigned to running. There was
only one exception, namely a hip fracture which was noticed in swimming although the specific athlete
reported to have felt the pain during the pushing-off movements off the wall.

The median value from the onset of symptoms until medical consultation was seven days (Q1: 3;
Q3: 15). Further, between the first medical consultation and the time of diagnosis passed a median of
three days (Q1: 1; Q3: 7) with a range of 0–150 days. X-ray (N (%): 13 (62%)) and magnetic resonance
tomography (MRI) (N (%): 12 (57%)) were mainly used as diagnostic tools. Computer tomography
was only used in three cases (13%).

The vast majority (N (%): 17 (81%)) received conservative treatment. However, in two cases
athletes had to undergo surgery: firstly, a stress fracture of the metatarsals and secondly, a stress
fracture of the tibia. The median value of training downtime in terms of rehabilitation was 70 days
(Q1: 28; Q3: 120) with a wide range of 6–180 days. The longest break (120 days; Q1: 110; Q3: 135)
was seen in stress fractures of the femur, followed by stress fractures of the tibia (69 days; Q1: 49; Q3:
90) and calcaneus (60 days; Q1: 55; Q3: 65). In contrast, the shortest break in training was caused by
stress fractures of the metatarsal bones (50 days; Q1: 28; Q3: 120) and fibula (55 days; Q1: 48; Q3: 63).
While training was interrupted in the affected discipline, most of the athletes trained in alternative
sports such as swimming (N (%): 14 (78%)) and biking (N (%): 11 (61%)). Taking all athletes with
stress fractures into consideration, the period from symptom onset until return to training amounted
to 80 days, disregarding the fact that there may have been temporal overlaps.

3.3. Risk Factors

The following table (Table 4) shows the results of the analysis of univariate Odds Ratio (OR):

Table 4. Categories with OR > 1 and OR < 1 are listed. ORs are given for each category as well as 95%
confidence intervals and p-values. The calculation of the p-value was based on chi-squared tests and
Wald tests with single or multiple fractures as event.

Category OR 95% CI p-Value

Female gender 2.2 0.8–6.0 0.1330
Competitive sport prior to triathlon 1.8 0.6–5.7 0.2898

Vitamin D deficiency 1.6 0.4–6.8 0.5612
Iron deficiency 2.2 0.7–6.6 0.1544

Nutritional supplementation 2.8 1.0–8.0 0.0517
Total amount of training 2 1.2 1.0–1.3 0.0173

Irregular menstrual cycles 1 1.7 0.4–7.4 0.4533
BMI 2 1.3 0.9–1.9 0.1541

Distance/week, Run 2 1.0 1.0–1.1 0.6080
Misalignment of feet 0.4 0.1–1.3 0.1008

Misalignment of leg axis 0.5 0.1–2.4 0.3732
Experience in triathlon/Years in triathlon 2 0.9 0.7–1.1 0.2872

Number of competitions 2 0.9 0.8–1.1 0.1990
Unequal leg length 0.3 0.0–2.5 0.2333

1: This category only applies to female athletes. 2: For quantitative variables, an increase of OR refers to an increase
by one unit of measurement.
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4. Discussion

A central aim of this investigation was the identification of factors that may be associated with
an increase of risk for stress fractures. This is of importance because identifying factors that place
athletes at greater risk for injury can be crucial to reduce the occurrence of injuries [4]. Hence, this
knowledge can help to improve prevention and knowledge about stress fractures and can also lead to
new hypotheses to find causal relationships.

Taking all aspects into consideration, among German elite triathletes, athletes with the following
factors were associated with sustaining a stress fracture: female gender, background in competitive
sports, Vitamin D or iron deficiency, nutritional supplementation, irregular menstrual cycles and high
total training amounts.

When projected on an entire year, the duration of training amounted to 853 h per year. In contrast,
the national guidelines for adolescent athletes of age group “Jugend A” only recommends 700 h
training per year [13]. Therefore, the participating athletes exceeded the standard requirements.

The main observations including practical implications were as follows: The majority of the
recorded stress fractures arose after an increase of training which may be associated with attending
a training camp. The first related sign was pain during or after running training. After one week,
a physician was consulted, who could enable a prompt diagnosis with the aid of radiological imaging.
Conservative treatment was the predominant course and alternative sports were trained in the 70-day
training downtime.

This study is the first that has explored stress fractures exclusively in the unique population of
elite triathletes. Comparative information can therefore only be determined by studies about cross and
field athletes or athletes in general (i.e., Bennell et al. [14] or Changstrom et al. [15]) or studies about
overuse injuries in triathlon (i.e., Collins et al. [16], Korkia et al. [3], Burns et al. [4] or Vleck et al. [6]).

The athletes surveyed were predominantly of the younger generations (average age: 17.45 years)
who were restricted to starting on the shorter distances according to the regulations of DTU [10]. At this
point of their career, the adolescent athletes place particular emphasis on the substantial increase
of training volume in order to improve their physical stress tolerance [13,17]. However, in younger
generations the full extent of training volume is not yet reached [17].

In comparison with other studies, the average age in the present study was clearly younger [3,4,6,18].
Furthermore, the participants did not include amateur athletes, but rather ambitious athletes that
execute triathlon professionally and had to verify their status as squad members through performance
tests or competition results [2]. In the majority of previous studies, no distinction in terms of
professionalism was made.

Various studies showed that triathletes were rather prone to overuse injures than to acute
trauma [5]. A key research issue was to investigate the frequency and incidence of stress fractures
among professional triathletes. In the present survey, 20 athletes (23%) already sustained a stress
fracture prior to the survey period. A reason for this relatively high amount of stress fractures may
be the low response rate or an over-representation due to selection bias [19,20]. The total incidence
rate per year across all athletes was 4.8% (95% CI: 3.0–6.5%). In comparison with other studies that
found incidence rates of 6.5–9.7% among athletes of different sports, this number is relatively low [21].
More precisely, runners and gymnasts show the highest incidence rates, whereas the lowest are found
in swimming and diving [15,22,23]. These assumptions are relevant in triathlon since running training
is given a high priority. Even though swim training requires a high proportion of the total training
volume as well, it plays a minor role in injury aetiology [3].

In this study, as in many others, all stress fractures were located in the lower extremities [3,4,24,25].
Even further, McHardy et al. [5] showed that the lower extremities are the most affected anatomic site
for all kinds of injuries in triathlon. In the context of overuse injuries specifically, the lower extremities
are affected in 72–75% of cases [4]. Compared to cross and field athletes and runners, 61–78% of the
stress fractures were also mainly located in the lower extremities [15,26].
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Therapeutic decisions are often based on the common classification into high- and low-risk
fractures depending on anatomic localisation [26,27]. Owing to the methodical approach to implement
a questionnaire with laypeople, precise anatomic localisation cannot be described. For this reason,
a clear classification into high- and low-fractures is needed.

Most previous studies agree that the aetiology appears multifactorial [25,26,28]. Accordingly,
stress fractures evolve when different intrinsic and extrinsic components come together and frequently
in combination with changes in training volume or intensity [4–6,26,29]. The multiple different risk
factors are the subject of controversial discussion. However, it is the general consensus that women are
at greater risk for stress fractures than men [14,15,23,30]. This corresponds to the findings of this study
and to Fredericson et al. [31] who found a 1.5–3-times higher risk of females developing stress fractures.

The “Female Athlete Triad (FAT)” comprises eating disorders, menstrual disturbances and low
bone density and represents an underlying pathomechanism [32]. Correspondingly, the FAT was
also seen in the present study: ten out of 17 (59%) of the female athletes who suffer from menstrual
disturbances also sustained a stress fracture. Moreover, of the 12 female athletes with stress fractures,
only two did not show menstrual irregularities. According to Bennell et al. [33], amenorrhoeic athletes
have a higher stress fracture rate and a 2–4 times greater risk than athletes with regular menses.

Further development led to a more complex definition and understanding of the FAT, namely
the Relative Energy Deficiency in Sport (RED-S) [34]. RED-S describes a syndrome which influences
a broad range of physiological functions (i.e., metabolic rate, menstrual function, bone health or
immunity), all initially resulting from a relative energy deficiency [34]. Consequently, RED-S may lead
to serious short-term and long-term effects on optimal health and performance, including an increased
risk for stress fractures [34]. Besides, a major difference between FAT and RED-S is that men can be
affected as well.

In sports such as running or triathlon, where athletes may benefit from a low BMI/body weight,
athletes are likely to be more prone to RED-S [26]. Despite the fact that in our survey the average BMI
(19.9 kg/m2 (±1.4); Min/Max: 16/24) was within the normal range, they can still show inadequate intake
of nutrients and energy. In this context, the exposed nutritional deficiencies as well as the low BMI of
the athlete with three stress fractures could indicate an insufficient energy intake. Nevertheless, in
previous studies a relation between BMI and the occurrence of stress fractures could not be clearly
identified [35,36]. Even though body composition cannot be associated as a risk factor for stress
fractures, the surveillance of BMI and its individual trend is still a helpful clinical tool to monitor health
and nutritional status [33].

Nearly all studies agree that running is a major risk factor for triathlon-related
injuries [3,4,6,16,24,25,33,37]. Thus, a high or increasing running mileage in preparation leads to
an increased injury incidence [4,31]. Although athletes with stress fractures completed a higher
distance in running training than their fellow athletes without stress fractures, an increase of OR could
not be found. Nevertheless, all athletes took first notice of related symptoms during running. However,
even more important in injury aetiology is less the total amount of training, but rather rapid changes
in training programme without adequate time for adaptation [3,26,31]. In the present study, half of
the athletes (52%) stated to have increased their training amount prior to the occurrence of the injury.
Some athletes (46%) had even attended a training camp, where training mileage is typically boosted.
Therefore, this seems to be a plausible pathomechanism in the study population.

In competitive sports, the prevention of injuries, along with short healing time, is by far the most
important aim of sports medicine [14]. The multifactorial aetiology plays a key role in prevention
work. Due to this multifactorial nature, stress fractures cannot be traced back only to training manners
but likewise, they cannot be prevented only by training management. Indeed, the injury aetiology
is understood as an interaction of several different individual factors. For this purpose, risk factors
such as Vitamin D deficiency and menstrual disturbances should be subject to targeted monitoring
and diagnostics. In the case of positive diagnostic tests, they should obviously also be targeted for
treatment. At the same time, attention should be drawn towards an adequate energy intake to avoid
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the emergence of RED-S [34]. Whenever there is evidence for the assumption that RED-S or menstrual
disturbances exist, energy intake should be increased and/or physical activity should be reduced [34].

Increases or changes in training, especially in running, i.e., in training camps, should be carried
out gradually and with sufficient time for adaptation. Including low-impact sports and discharging
days could be an approach to reduce physical load [36,37].

Stress fractures occur along a continuum from stress reactions to eventually stress fractures [33].
This continuous progress also includes the chance to break the cycle by identifying early symptoms such
as a load-dependent pain in the lower extremities, followed by a period of reduced activity [33]. As a
result, healing time and time off training may be reduced. Since athletes often underestimate the severity
of symptoms, they should be made aware of the importance of early diagnosis particularly [25,38].
In the end, cooperation between sport physicians, physiotherapists, coaches and athletes is crucial to
enhance prevention work.

Treatment after the occurrence of stress fractures should always be controlled by symptoms and
must be continued until complete freedom of pain [26,39]. Simultaneously, risk factors need to be
addressed in order to avoid further fractures [23].

The major limitations of this investigation are the limited measurement of exposure time, selection
bias as a result of the voluntary participation, missing data of Non-Responders and the study design
(cross-sectional study). It must be argued that cross-sectional studies cannot reveal causal relationships
but only observed relationships. However, it is suitable to reveal new hypotheses and to identify
potential risk factors. Furthermore, similar strategies were also adopted in other studies [3,5,15,18,28].
Carrying out a prospective cohort study with adequate power could explore causality in future studies.

The different exposure times of athletes were combined with the sum of person-years under risk
in the denominator of the calculation of incidence rate. An individual approach or a differentiation
to specific phases of training were not performed. In addition, due to the relatively low number of
participants, there are only a few statistically significant results. Furthermore, carrying out multivariate
analyses did not provide reasonable models. Thus, a sufficient statistic model could not be developed
and confounder-associated estimations of risk were impossible.

The survey was based on information of medical amateurs (including nutritional deficiencies
and misalignment of feet and leg axis) in spite of the limited validity of self-reported injuries [12,40].
Another limitation is that no standardised methods and definitions were applied to all studies [5,6,41].
For this reason, a comparison of study results may be problematic.

In order to enhance reliability and significance, the results need to be reexamined by studies
with a larger sample size. All aspects and results need to be interpreted with consideration of the
presented limitations.

5. Conclusions

Stress fractures in elite triathletes are a common injury and are highly relevant. It has been shown
that running is closely linked to injury aetiology. Likewise, fracture localisations were similar to
those seen in runners. Various factors could be assigned to the occurrence of stress fractures which
underlines the multifactorial aetiology. In order to disseminate knowledge about relevant risk factor
and typical disease progressions athletes, coaches, physiotherapists and sports physicians should
be educated. By addressing potential risk factors and adjustment of training strategies especially in
running, prevention may be improved and downtimes in training reduced. Future studies should be
designed to identify causes of stress fractures.
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Abstract: In 2009, the International Triathlon Union created a new triathlon race format: The World
Triathlon Series (WTS), for which only athletes with a top 100 world ranking are eligible. Therefore,
the purpose of this study was to analyze the influence of the three disciplines on performance within
all the WTS Olympic distance races within two Olympic cycles, and to determine whether their
relative contribution changed over the years. Methods: For each of a total of 44 races, final race
time and position as well as split times (and positions), and summed time (and position) at each
point of the race were collected and included in the analysis. Athletes were divided into 4 groups
according to their final race placing (G1: 1st–3rd place; G2: 4–8th place; G3: 8–16th place and G4:
≥17th place). Two-way multivariate ANOVAs were conducted to compare the main effects of years
and rank groups. For females, there were significant differences in the swim and bike segment only
between G4 and the other groups (p range from 0.001–0.029), whilst for the run segment each group
differed significantly from each other (p < 0.001). For males, there were significant differences in swim
only between G4 and the other groups (p range from 0.001–0.039), whilst for the running segment
each group differed significantly from the others (p < 0.001). Although we found running to be
the segment where there were significant differences between performance groups, it is apparently
important for overall success that a good runner be positioned with the first cycling pack. However,
bike splits were not different between either of the four male groups or between the first 3 groups of
the females. At this very high level of performance, at least in the males, the bike leg seems to be a
smooth transition towards running.

Keywords: endurance; elite athletes; performance

1. Introduction

Triathlon is an endurance sport consisting of sequential swimming, swimming to cycling
(T1), cycling, cycling to running (T2) and running over a variety of distances [1] and has evolved
considerably since it became an Olympic sport [2]. The draft legal 1.5 km swim, 40 km bike, 10 km
run event debuted at the Sydney 2000 Games and since then research has focused on the effects of
one discipline on the other rather than on the effects of drafting in swimming and biking (for reviews
see [3,4]).
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In 2009 the International Triathlon Union (ITU) changed the racing format from a single world
championship race to a series of events called the World Triathlon Series (WTS) [5] during which
athletes compete head to head to collect points to become world champion. WTS is restricted to the best
athletes in the world (i.e., those who are ranked up to about 150 in the ITU list, according to points that
can be obtained by continental, World Cup or WTS level races). The WTS doubles as an opportunity for
Olympic qualification, and athletes need to perform consistently to score the points that are necessary
to be eligible for selection. Points are attributed according to race performance within a cut-off time of
5% of the best male and 8% of the best female finisher (ITU regulation-www.triathlon.org), and the
World Champion is the athlete that accumulates more points and thus performs more consistently
throughout the season. Seventy seven percent of races are Olympic distance and the remainder are
sprint distance (involving a 0.75 km swim, a 20 km draft legal bike leg and a 5 km run). The ability
of an athlete to attain ranking points depends on his/her absolute performance level (both overall
and within each single discipline) and on how s/he experiences residual fatigue from the previous
discipline [6]. Drafting during swimming has been shown to reduce the energy cost of a subsequent
cycling bout [7,8] whilst drafting during cycling can reduce energy cost by 39% with a consequent
improvement in running performance [1].

Although total race time for the Olympic distance event varies between 106–110 minutes for elite
males and between 119–121 minutes for elite female athletes, it is difficult to compare one race with
another because there is neither any official standardization of event distance, nor any method of
weighting course difficulty (in terms of topography, climate, environmental and other factors such
as drafting) in place, and all of said factors may affect the overall finishing time. Elite athletes spend
about 15% of their total race time swimming, 55% of total race time cycling, and 30% of time running.
Males take 17, 57 to 60 and 30 minutes respectively to do so, and females 19, 63 to 67, and 35 minutes,
respectively [9,10].

Another aspect that has been investigated is the impact of each discipline on overall performance.
Landers et al [11] analyzed world cup races in 1999 and reported that exiting the water in the first pack
of swimmers can determine the final finishing position. In fact, 90% of male and 70% of female winners
were all placed within said first pack of swimmers. Vleck et al. [12] found that, when comparing the
top 50% and bottom 50% finishers of an ITU World Cup, the top 50% was faster up to the first buoy of
the swim, and that thereafter the two groups did not differ in swimming speed. Moreover, overall race
performance was significantly correlated with both average swimming velocity and with position after
the swim stage. The speed in the bike section was not different between the top and bottom 50% of
finishers but was significantly higher for the second group (lower 50%), who exited the water with the
task of reducing the time gap of the leaders by the start of the triathlon run. The need to play catch up
impacted negatively on athletes’ running speed. Cycling speed during the first section (13.4 km in this
case) was inversely related to later running speed and the best runners were the best athletes overall.
As the best triathletes can use less than 8 seconds to transition from one discipline to the other, it is also
important for tactical reasons (such as avoiding collisions in the transition area) for an athlete to arrive
in T2 at the front of the group [4]. Figueiredo et al. [10] reported that, in both sexes, cycling and running
made the greatest contribution to the overall Olympic distance performance of top 50 finishers (i.e.,
approximately 36% and 47%, respectively) over the 1989–2014 period. Across the years, swimming
contribution significantly decreased for women and men, whereas that of running only increased
in men. However, this analysis did not take the introduction of draft legal cycling into account.
Fröhlich et al. [13] showed, in males, that at Olympic distance World Championship level, running
performance consistently makes the greatest contribution to which athlete wins. They concluded
that “the swim and the cycle act as so-called feeders for the run and have to lay the foundations for
the run, which decides over winning or losing more than the other two disciplines.” However, they
performed their analysis on only one race per year. Moreover, as separate swim, T1, bike, T2 and
run times were not available for all races, they used (T1 times plus swim times), and (T2 times plus
bike times) together. Millet and Vleck [4] have demonstrated, in males, that individual athlete’s offset
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from the fastest T2 time can have an important influence on how far they eventually finish behind the
race winner.

No longitudinal analyses within this genre have yet been published on all draft-legal, Olympic
distance, higher level, WTS format. The purpose of the present study, therefore, was to analyze the
trends in both overall and discipline specific Olympic distance triathlon performance, within the
WTS only, of different performance levels of male and female triathletes, for the 2009–2016 period.
The second aim was to study the differential times (i.e., the time differences to the fastest split time at
that moment of the race) in T1 or out of T2. We hypothesized that swimming and cycling performance
levels would level off over time and that running would be the main distinguishing factor between
medalists and non-medalists. Our secondary hypothesis was that the entry into T1 would be less
important than the exit from T2 in male athletes compared to female athletes. Because females seem
less able than males at bridging cycle packs [6], the entry into T1 would be a determinant aspect of
overall performance.

2. Materials and Methods

The data for this study were retrieved from the ITU world triathlon series website
(wts.triathlon.org) and took into consideration only the WTS Olympic distance races from 2009–2016
for both sexes, including the most two recent Olympic Games (London 2012 and Rio 2016). Because the
data are public and available on the internet, no formal ethics committee approval was necessary. For
each race, final race time and position as well as split times (and positions) and summed time (and
position) at each point of the race (S, S + T1, S + T1 + B, S + T1 + B + T2, S + T1 + B + T2 + R, where S,
B and R equate to swimming, cycling and running, respectively) were retrieved and included in the
analysis. In total, 44 races and 1670 male and 1706 female performances were examined (Table 1).

Table 1. Represents the number of races and athletes analyzed each year.

Year Races Females Males

2009 8 239 266
2010 6 266 271
2011 6 308 286
2012 6 268 204
2013 5 151 142
2014 4 113 150
2015 4 163 156
2016 5 198 195
Total 44 1706 1670

Thereafter, for each race, participants were divided into 4 groups according to their final race
placing i.e., G1: 1st–3rd place; G2: 4–8th place; G3: 8–16th place and G4: ≥17th place. Those athletes
who did not finish the race in question were excluded from analysis. In accordance with the results of
previous work that has highlighted the importance of the exit from the swim and the positioning in
running to final race performance [3,6,12], the raw times were converted into differential times (offset
from 1st in that leg) for T1 and T2 only.

Statistical Analysis

The statistical package IBM SPSS version 20 (IBM, Chicago, IL, USA) was used for the
analysis. Values are presented as mean and standard deviations and before the analysis, the
Kolmogorov–Smirnov test was applied to test the normal distribution of the data. The men’s and the
women’s data were treated separately. Two-way multivariate ANOVAs were conducted to compare
the main effects of years (i.e., from 2009–2016) and rank groups (i.e G1, G2, G3, G4) on time measures
for each component of the race (i.e the swim, bike, and run). Before the analysis, the Levene’s test for
homogeneity of variance was performed to verify the assumption of the test. Furthermore, separate
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ANOVAs were conducted to compare the effects on differential times in T1 and T2 (offset from the 1st
in T1 and from the first out of T2) per year and per group. The same analysis was conducted taking
only the medalists into account.

Univariate effects within MANOVAs were examined only if the overall MANOVA was significant.
When significant interaction was observed (years for rank groups), follow-up tests were conducted
by splitting the sample into the four rank groups and running separate ANOVAs to explore the
different effect of years. When multiple comparisons were performed, post-hoc Fisher’s protected
least significant difference (LSD) test with Bonferroni correction was used.

The significance level for all comparisons was set at P ≤ 0.05. In addition, effects size (ES) were
calculated for all variables as partial eta-squared (η2p). Partial eta-squared values below 0.01, between
0.01–0.06, between 0.06–0.14, and above 0.14 were considered to have trivial, small, medium, and large
effect sizes, respectively [14].

3. Results

For female athletes, analysis showed a multivariate effect for years (Wilks’ λ = 0.867; F21,1685 =
11.68, p < 0.001; η2p = 0.047) and for rank groups (Wilks’ λ = 0.639; F9,1697 = 91.22, p < 0.001; η2p =
0.139) although no interaction effect (years for rank groups) was found.

Univariate tests indicated significant effects on the three disciplines both by year (swim: F7,1699

= 9.052; p < 0.001; η2p = 0.036 – bike: F87,1699 = 14.47; p < 0.001; η2p = 0.057–run: F7,1699 = 7.23; p <
0.001; η2p = 0.029) and by group (swim: F3,1704 = 9.84; p < 0.001; η2p = 0.017–bike: F3,1704 = 4.24; P
= 0.005; η2p = 0,008–run: F3,1704 = 295.07; p < 0.001; η2p = 0.346). Post-hoc for rank groups showed
significant differences in the swim and bike segment only between G4 and the other groups (p range
from 0.001–0.029) whilst for the run segment each group differed significantly from each other. (p <
0.001) (Figure 1)
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G4, # diff from G3, § diff from G2.

202



Sports 2019, 7, 76

The significant differences in the post-hoc by year for total time and for single legs are not reported
because no trend of particular interest was noticed.

The analysis of the males showed a multivariate effect for years (Wilks’ λ = 0.849; F21,1649 = 13.17,
p < 0.001; η2p = 0.053) and for group (Wilks’ λ = 0.601; F9,1661 = 102.90, p < 0.001; η2p = 0.156) while no
interaction effect (year for rank groups) was found. Univariate tests indicated significant effects on the
three disciplines by year (swim: F7,1663 = 11.49; p < 0.001; η2p = 0,047–bike: F7,1663 = 18.65; p < 0.001;
η2p = 0.074–run: F7,1663 = 7.19; p < 0.001; η2p = 0.039).

By group differences were found for swimming (F3,1667 = 6.21; p < 0.001; η2p = 0.011) and for
the run (F3,1667 = 321.86; p < 0.001; η2p = 0.371) while no effect was found for the bike leg between
groups. Post-hoc for rank groups (Figure 2) showed significant differences in swim only between G4
and the other groups (p range from 0.001–0.039), while for the running segment each group differed
significantly from the others (p < 0.001).
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Similarly to the women, the significant differences in the post-hoc by year for total time and for
single legs are not reported because no trend of particular interest was noticed.

Analysis of differential times in entry in T1 and exit from T2 (offset from the 1st in that moment
of the race) for women (Table 2) showed differences by rank groups in T1 (F3,1703 = 16.38 p < 0.001, η2p
= 0.040), with G1 (medalists) being significantly different from the others (p < 0.001). For exit from
T2, all groups differed from each other (F3,1703 = 65.69; p < 0.001, η2p = 0.142). For males (Table 3), the
analysis showed a difference by rank groups both in entry in T1 (F3,1663 = 42.01, p < 0.001, η2p = 0.091)
and in exit from T2 (F3,1663 = 45.05 p < 0.001, η2p = 0.100), with only the first group differing (p < 0.001)
from the others in both cases.

Finally, when analyzing only G1 (medalists), no effect per year, final position or interaction years
by position were found both for entry in T1 and exit in T2. Table 4 shows the position of each athlete
of G1 in entry in T1 in exit of T2 and run split, for women and men respectively for the whole period
(2009–2016).
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Table 2. Offset time from the first in T1 and the first out of T2 for each group of female athletes.

Groups Offset Entering T1 (sec) Offset Existing T2 (sec)

G1 28 ± 12 12 ± 8
G2 30 ± 8 * 19 ± 15 *
G3 35 ± 7 * 35 ± 15 *#
G4 43 ± 10 * 66 ± 26 *#§

* different from G1, # diff from G2, § diff from G3 p < 0.05.

Table 3. Offset time from the first in T1 and the first out of T2 for each group of male athletes.

Groups Offset Entering T1 (sec) Offset Exiting T2 (sec)

G1 15 ± 2 21 ± 11
G2 24 ± 4 * 38 ± 10 *
G3 30 ± 5 * 54 ± 16 *
G4 35 ± 6 * 61 ± 15 *

* different from G1 p < 0.05.

Table 4. Position of the medalists in T1, T2 and run split over the years.

Females Males

1st 2nd 3rd 1st 2nd 3rd

T1 position 14 ± 5 16 ± 5 13 ± 4 10.2 ± 4.5 14.3 ± 4 18.2 ± 4
T2 position 8.6 ± 4 8.2 ± 4 7.4 ± 1.5 7.7 ± 4 9.6 ± 3 10.7 ± 2
Run split 2.1 ± 1 3.8 ± 1.5 5.3 ± 2.2 2.2 ± 0.8 3.8 ± 2.6 4.5 ± 1.4

4. Discussion

The purpose of the present study was to analyze the contribution of each segment of the Olympic
distance triathlon to overall performance since the inception of the new WTS race format. With this
new format athletes gain points that count towards the allocation of the 55 start places for the Olympic
Games [9] within the WTS, within which only the best athletes in the world are allowed to compete.
Our main finding was that there were differences in swim time, bike time and run time both per year
and per group in the females. Within the males, such differences were observed only for swimming
and running. Regarding swimming, we found no difference in segment times, in both sexes, between
the first 3 groups (best 16 athletes overall)

Researchers have increasingly attempted to identify the optimal strategy for triathlon success
since it became an Olympic sport, via assessment of predictors of performance, of the impact of one
triathlon discipline on the other as compared to its component single disciplines, and of the best
strategy to adopt during a race [2]. Although recent studies have put forward different analyses to
understand the impact of the three disciplines on overall performance [9,10,13,15], the current study
is the first to compare the performances over two Olympic cycles of the very top-level group of elite
triathletes who competed in the WTS. Indeed, we observed smaller time differences between groups
and athletes at the WTS level, i.e., every athlete which was ranked within the top 150 worldwide, than
have been recorded in the literature to date. This is likely because most of said studies and some of the
previously reported studies [10,13] examined performance in lower tier (albeit still elite) events, which
have less restrictive criteria for athlete eligibility. Due to the strict selection process, on average only
60 athletes are allowed to start each WTS event. Various studies have previously recorded very high
correlations between swimming prowess and overall performance. Landers et al. [11] showed that 90%
of male winners and 70% of female winners exited in the first pack of swimmers. Ofoghi et al. [16]
utilized Bayesian networks to analyze the differential time, calculated as the difference between each
time in that segment of the race and the first athlete at that moment of the race, at different race points
and use it to predict the likelihood of finishing on the podium. They reported that the medalists swam
significantly faster than the lower placed athletes (i.e., those who finished 4–10th and above 10th
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place). On the other hand, Cejuela et al., [17] when analyzing the top races from 2000–2008, observed
a low correlation between swimming and overall performance. Therefore, it seems that at least for
the best athletes (placing up to 16th overall in the event) swimming performance levelled off from the
introduction of new WTS format, and that swimming performance does not discriminate between
different performance levels at the top level of professional triathlon.

Nonetheless, swimming position still seems to be a good determinant of overall success [6,11,12]
because, although its contribution might be low, the strategic positioning within this segment may be
critical to overall race performance. In fact, just analyzing contribution of each segment (or changes per
year) does not reflect the race dynamics in relation to the race leaders in each moment of the race [10].
We therefore analyzed the offset of each athlete per group from the first athlete entering T1. We found
that the men in G1 were generally 16” off from the fastest swimmer, and that this offset was higher in
the other performance groups (G2: 24”, G3: 29”, G4: 34”). No differences were observed between the
first 3 groups in the females but not only did G4 females swim significantly slower, but the G4 female
group was the group with the highest offset from the fastest swimmer.

Exiting the water with a limited offset from the fastest swimmer, was shown to influence entry into
the first pack(s) in the bike leg, influencing overall finishing position [6]. Depending on the individual
athletes relative cycling and running ability [18], failure to enter said pack(s), and a subsequent increase
in power output/effort during the bike leg in order to try to catch up to the front pack(s), may then
negatively impact running performance. In accordance with the results of previous studies [6,17] we
found no differences in bike splits within male different ranking groups. As regards to the women,
only the first 16 athletes (G1 to G3) had similar bike splits confirming that even at this level females are
divided in more groups, further apart, as compared to males.

Therefore, running seems to have the major impact on overall WTS race performance. Figuereido
et al [10] showed that, over a 26-year period, the average contribution of the cycling and running
stage has much more impact on overall performance of the top 50 Olympic distance finishers
compared to swimming, irrespective of athlete sex. Moreover, they found that for women, swimming
contribution decreased while cycling and running contribution remained unchanged. For males,
running contribution significantly increased over time. Fröhlich et al [13] analyzed individual data
from the world championships from 2003–2007 for all finishers as compared to the top 20, using
multiple linear regression. They again highlighted the importance of running in the Olympic distance
triathlon, as the discipline where performance is most related to the overall time and finishing position.
Clearly, above average running performance is essential to placing well, especially in G1. Moreover,
the better cyclists need to be able to keep the best runners behind them in order to have a chance
to perform optimally. All the groups that were analyzed in the present study differed for running
time, being G1 the fastest. We found that, over all the years and races that were analyzed, both the
female and the male winners had, on average, the 2nd run split; the second finisher exhibited, on
average, the 4th run split; whilst the third finisher had, on average, the 5th run split -despite there
being no particular differences between the first three athletes in their position at the exit from T2
(Table 2). This appears to confirm that running is the most important determinant of overall triathlon
performance [10], and that it is crucial for an athlete to arrive in the transition (T2) at the front of the
group to avoid collisions or jams [4].

The second transition has been considered another important segment of the race.
Because athletes often finish within seconds of each other, run times have levelled off and exiting
T2 fast is important to gain precious seconds. Interestingly, male G1 was the group that over the
years came closer to the exit from T2, (from 40” in 2009 to only 9” in 2016). In contrast, G3 and G4
slowed down over the years (increasing the gap from the first athlete out of T2). This could be partly
because men generally arrive in larger groups in T2, as compared to female athletes, and therefore
need to exit extremely quickly from T2 in order to gain precious seconds on their opponents. For the
women, all the groups differed for T2 meaning that G1 was the group that was closer in time to the
race leader at that moment, with no particular differences observed over the years. This supports
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the assertion that females may be less able to coalesce different bike packs into one [6], and that less
athletes consequently enter transition zones at the same time.

Similarly, Cejuela et al [17] studied nine top level male competitions from 2000–2008.
Their analysis included the lost time in each transition—calculated as the time lag between the
first triathlete who started cycling or running and the rest of the athletes who arrived in the transition
area with the same pack. They found a low correlation between T1 and overall performance; however,
the lost time in T1 was different for each swimming pack (when 5” gaps between swimmers were
taken to indicate a different pack). Even in this case, they found very low correlations between time
lost and overall performance, probably because of the very flat biking routes that allowed groups to
reunify. On the other hand, they confirmed that time lost in T2 is inversely related to performance.
Considering the levelling off of running performance, the quicker the exit from T2 (and lower time
loss) will for sure be beneficial for overall performance and final positioning.

Although, as already reported, we found running to be the segment where there were significant
differences between performance groups, [17], it is apparently important for overall success that a good
runner be positioned with the first cycling pack in order to have the possibility to win the race [12].
However, bike splits did not differ between male groups. At this very high level, the bike leg seems to
be a smooth transition towards running, at least for the male athletes.

In conclusion, for males it appears that exiting the water close to the first athlete and exiting T2
close to the first athlete, with a fast running split, is a major determinant of success. For the women,
exit from both T1 and T2 seem a major determinant of performance, as is a very fast running split.
Over the years, the offset of G1 from the first athlete to exit T2 remained stable, whilst that of G2–G4
significantly worsened. The gender difference we observed in the relative influence of performance
within specific sections of WTS competition to overall result can be explained by the greater number of
bike packs that are seen in the women’s races and their different race tactics. Because females seem
less able than males at bridging cycle packs [6], their entry into T1, in contrast to males, seems to be a
key aspect of overall performance.

Practical Applications

Based on the results of this analysis, we would suggest that both for males and females it is
worthwhile to train the actual practice of T2 transitions. This is particularly the case in those athletes
who are weaker overall, and- who will consequently (as this is a function of ranking) have their bikes
placed further from the transition exit, and therefore likely have more potential to be caught up in
"traffic jams." In line with the findings of Vleck et al. [6], strengthening of female biking ability to the
point that athletes become better able to bridge gaps to a leading pack (through the ability to sustain
short high power output bursts immediately followed by steady lower level effort, and improvement
of climbing ability in the case of hilly courses) is advisable, as, depending on the athlete, it may have a
significant influence on overall race placing. Run training (“brick” sessions) and performance remain
of paramount and increasing importance but at present the disciplines that precede the triathlon run
appear to have more impact on overall race performance in females than they do in males. The pacing
characteristics of performance at this level have not as yet been established but this can clearly be
the key to overall race placing, particularly in males where the performance density is better and the
ability to complete a fast, sprint type, run finish can be definitive. Moreover, the data presented in
this paper may prove be helpful in the selection of young talented athletes, who need to compete at a
young age and not come into triathlon from one of its disciplines in isolation.
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Abstract: A variable pacing profile is common in different endurance events. In these races, several
factors, such as changes in elevation or race dynamics, lead participants to perform numerous surges
in intensity. These surges are so frequent that certain events, such as cross-country (XC) skiing,
mountain biking (MTB), triathlon, and road cycling, have been termed “intermittent endurance
events”. The characteristics of these surges vary depending on the sport: MTB and triathlon require
athletes to perform numerous short (<10 s) bouts; XC skiing require periods of short- and moderate-
(30 s to 2 min) duration efforts, while road cycling is comprised of a mix of short-, moderate-,
and long-duration (>2 min) bouts. These bouts occur at intensities above the maximal metabolic
steady state (MMSS), with many efforts performed at intensities above the athletes’ maximal aerobic
power or speed (MAP/MAS) (i.e., supramaximal intensities). Given the factors that influence the
requirement to perform surges in these events, athletes must be prepared to always engage in a race
with a highly stochastic pace. The aim of this review is to characterize the variable pacing profile seen
in endurance events and to discuss how the performance of multiple maximal and supramaximal
surges in intensity can affect how athletes fatigue during a race and influence training strategies that
can lead to success in these races.

Keywords: surges; sprints; anaerobic power reserve; extreme intensity domain; cycling; triathlon;
mountain biking; cross-country skiing

1. Introduction

The distribution of effort throughout a race is termed pacing, pacing strategy, pacing
profile, or pacing pattern [1,2] and is a key factor for optimal endurance exercise perfor-
mance [3]. When high-level athletes are able to pace themselves in short- (approximately
4 min) to long- (up to 2 h) distance events, the distribution of power output usually follows
a J-shaped pattern [4]. The initial section of the race is performed at a higher intensity
than the average race pace and represents the fast start [5]. Once this phase is completed,
the athletes reduce their intensity and maintain an even pace for most of the race. This
phase allows the athletes to recover from the intense effort of the fast start, maintaining
an intensity that is sustainable during the race and that allows energy to be conserved for
the finishing sprint [5]. This sprint, called the end-spurt, is considered a key race-defining
moment [6] where multiple events are won [4,7–9].

In many endurance events, however, an even-paced phase does not occur. In these
events, the athletes alternate between efforts above and below the average race intensity
throughout the race, characterizing a variable pacing profile [1]. These variations in pacing
can be so frequent that some endurance events resemble what occurs in team sports [10]
and have been referred to as “intermittent endurance events”. The term has been utilized to
describe events in cross-country skiing [11], mountain biking [10,12,13], road cycling [14,15],
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and the cycling leg of different triathlon events [16,17]. Changes in topography, course
characteristics, and race dynamics and tactics are some of the factors that ensure that
athletes will have to perform several variations in intensity during the race, with the
characteristics of these surges unique to each sport.

These surges are performed at intensities that are not sustainable [18], occurring above
the maximal metabolic steady state (MMSS) (the intensity associated with the athlete’s critical
power (CP) or the 2nd ventilatory threshold (VT2)) or at supramaximal intensities (above the
intensity associated with the achievement of maximal oxygen uptake (VO2max)) during a
graded exercise test, also known as maximal aerobic power (MAP) or speed (MAS). Surges
at intensities equivalent to 120 to 160% of the athlete’s MAP are common [10,16,19–21], with
even higher values (200% to 300% MAP) reported in the literature [10]. A period of low-
intensity work (approximately 40% to 60% MAP) [21,22] allows the athletes to recover from
the strenuous effort and to cope with the demands of producing frequent bursts of power
throughout a race.

Given the frequency, duration, and intensity of these surges, this intermittent profile
can have important implications for performance. Compared to performing the same
amount of work at a constant intensity, a variable profile leads to greater physiological stress
and faster fatigue development and negatively influences subsequent performance [23,24].
A change in the pacing profile might also influence the determinants of performance [3,25],
with success in these events related to more than just the traditional factors related to
endurance performance (namely, VO2max, the intensity associated with the athlete’s lactate
threshold (LT) and movement economy) [3]. The ability to perform repeated efforts at a
high intensity [8,10,22] and greater anaerobic capacity and power [10,26–28] have been
hypothesized to be the key to success in these events. The importance of a higher MAP
and VO2max [11,29–31] to performance has also been highlighted. Understanding the
specific demands of these races may open new avenues to influence performance in these
events [22].

The aim of this review is to characterize the variable pacing profile seen in endurance
events and its implications to performance. This review will (1) elucidate the factors that
contribute to a variable pacing profile, (2) describe the characteristics (intensity, duration,
work-to-rest ratio) of the surges in intensity that occur in these events, and (3) address the
consequences of these surges in intensity to endurance exercise performance.

2. Methods

This is a narrative review focused on describing the variable pacing profile that occurs
in endurance events. A literature review was performed with the following search terms:
“variable pacing”, “intermittent pacing”, “pacing pattern”, “pacing strategies”, “power output
distribution”, “power profile”, and “power demands”. These terms were combined with
“cycling”, “triathlon”, “cross-country skiing”, and “mountain biking”, as events in these
sports have been previously described as intermittent endurance events [10,11,13,15,17].
Further, papers on the “physiological demands”, “physical demands”, and “physiological
requirements” of these sports were analyzed. Papers were included in the analysis of
variable pacing profile if they provided sufficient information to describe the surges in
intensity that occur during the races. Subsequently, a manual search within each identified
paper was done to find further papers that provided information about the characteristics
of the variable pacing profile in these events.

3. Factors That Contribute to a Variable Pacing Profile in Endurance Events

Several factors are implicated in the variable pacing profile that is seen in endurance
events. While the course’s characteristics provide the most obvious reason for changes in
intensity to occur, race dynamics, tactics, and even the influence of governing bodies can
contribute to a variable pacing profile.
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3.1. Out with Old, in with the New—New Race Formats and Changes in Regulations Influenced
the Races’ Pacing Profiles

Numerous endurance events have recently been created or modified across different
sports to make races more spectacular and spectator friendly [10,17]. Cross-country skiing,
for example, had eight out of 12 Olympic events in Sochi 2014 that were different from the
1994 Winter Olympics. Shorter events, such as sprint skiing, and an increase in the number
of races with a mass start (10 of the 12 Olympic races now involve mass starts) [32] have
increased the demands of surges in intensity and the requirement of sprinting ability in the
sport [9,27].

Mountain biking and triathlon have also evolved in their race formats. In Olympic
XC MTB (XCO), race duration and lap length were reduced, while the requirement for
technical sections in the course increased. Current regulations require races to last between
80 and 100 min, with a lap length of 4–6 km, over a variety of terrains [10,21]. Short track
XC MTB (XCC), a new race format introduced in 2018, is performed in loops of no more
than 2 km and maximum race times of 20 min [33]. The cycling leg of Olympic and sprint
distance triathlons is also performed in shorter loops (3.5 to 5 km) [30], and new race
formats, such as super sprints and the team mixed-relay event [34], can be performed in
even shorter courses.

The shorter courses have increased the number of tight turns and sharp corners in
these events, increasing the number of repetitive, high-intensity accelerations that are
performed [10,17,20]. In sprint and Olympics distance triathlon, for example, the number
of dangerous curves performed per kilometer has a strong correlation with the variability
index (a measure of the variations in power output during a race) and to the number of
supramaximal efforts performed [30]. These changes to race formats ensure that several
variations in intensity will occur during a race, regardless of the influence of other factors
on the races’ pacing profile.

3.2. Uphill, Downhill, and Technical Demands—How the Course’s Characteristics Influence
Pacing Profile

The technical demands of sports, such as MTB, also contribute to the number of
surges that are performed. MTB courses present the athletes with numerous jumps, climbs,
descents, and other technical features [13,21]. Navigating these challenges requires the
performance of multiple short (8 to 15 s) efforts during the race [12,35]. The fact that the
number of surges performed per lap in MTB is not significantly reduced when athletes
break into smaller packs corroborates that many of these surges occur as a product of the
course’s characteristics [13]. Similar influence of the terrain and technical features have
also been reported in cyclocross [36] and off-road triathlon [37].

Further, changes in elevation provide their own challenge in different sports. In
cross-country skiing, for example, races must have an equal distribution of flat, uphill, and
downhill terrain [32]. The time spent in uphill sections, thus, varies based on the event,
with shorter efforts (20 to 40 s) reported in sprint skiing [28,38] and longer efforts (up to
4 min) during longer distance races [39,40]. Likewise, in road cycling, mountainous stages
require longer efforts (6 to 10 min) at intensities just above that associated with the maximal
metabolic steady state (MMSS), while semi-mountainous stages require shorter (30 s to
2 min), more intense efforts [15].

3.3. Breaking Away—The Influence of Race Dynamics to a Variable Pacing Profile

The number and characteristics of the surges might also vary according to the race’s
dynamics. Riding in a group leads to a higher number of surges performed as the athletes
try to stay within or break away from the pack [14,20]. For example, the four athletes
competing as a team in the mixed-relay triathlon performed 17, 11, 8, and 12 surges
(>600 W) in intensity during the cycling leg of the race (approximately 11 min) [34]. The
athlete who only performed 8 surges was described as chasing a pack, while the others
were riding within a group.
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The tactics of the chase group might also influence the surges in intensity. In road
cycling, it is possible that the group will allow the breakaway to occur earlier in the race,
leading to a surge that is less intense [14]. Later in the race, the power output of the surge
is higher, and the intensity remains elevated for a further 30 s to 5 min to try to ensure the
success of the action [7,14]. As the race nears its end, multiple 5 to 15 s sprints are performed
in the 20 min prior to the end-spurt, as the competitors gradually attempt to break away
from the pack or position themselves for a successful sprint to the finish line [7,8,41].

Race tactics and dynamics also play an important role in races where position within
the packs is important (for example, single-track races where opportunities to pass a
competitor are limited), such as MTB [21] and mass-start cross-country skiing [9]. In these
events, a longer sprint (around 20 to 30 s) is performed at the beginning of the race as the
athletes try to position themselves for the subsequent laps. Athletes might also perform
more surges (skiing) or surges that are more intense (MTB) during the initial lap [9,21]
to ensure optimal tactical positioning for the remainder of the race. Despite the negative
influence that these intense efforts can have on performance, the benefits of competing
within the front pack offset the greater metabolic demands of the increased intensity [9,12].

A summary of the factors contributing to surges in intensity and their consequences
on the characteristics of the surges is presented in Table 1. A brief analysis of these factors
shows that these are intrinsic to the sport (e.g., course characteristics), reflect changes made
by governing bodies to make races more spectator friendly, or cannot be predicted (e.g.,
race dynamics, competitors’ tactics). Even increased media exposure can lead an athlete to
attempt a breakaway from the group [14]. As such, athletes must be prepared to engage in
a highly stochastic race, with the characteristics of these efforts and their importance for
overall performance varying according to the sport and the event.

Table 1. Summary of factors that contribute to a variable pacing pattern in intermittent endurance
events and how it affects the characteristics of the surges.

Factors Contributing to
Surges

Effect on Variable Pacing
Pattern Influence on Characteristics of Surges Sports Influenced by It

Changes in
elevation/topography

Variations in intensity
according to the duration and

length of the climb

Performance of short- (<15 s) (MTB),
moderate- (30 s to 2 min), and long-
(>2 min) (XC skiing, road cycling)

efforts during the race

MTB, XC skiing, Road
cycling

Course’s characteristics
Repetitive accelerations, tight

turns, dangerous curves,
technical sections

Performance of multiple short
(<15 s) efforts Triathlon, MTB

Race format Mass start races, competing in
shorter loops

Performance of multiple short (<15 s)
efforts, end-spurt determines winner

MTB, XC skiing, Road
cycling

Race tactics/dynamics Tactical positioning,
breakaways, pack riding

Longer and more intense surges in first
lap (tactical positioning), less intense
and shorter surges earlier in the race

(breakaway), higher number of surges
prior to finishing sprint, need to sustain
higher intensity following surge later in

the race

MTB, XC skiing, Road
Cycling, Triathlon

4. Characteristics of Surges in Intensity in Variable Pacing Endurance Events

The characteristics of the surges in intensity that occur during a race vary depending
on the sport. The variable pacing profile of events in XC skiing, MTB, road cycling, and the
cycling leg of different triathlon races, events referred to as “intermittent endurance events”
is described below. An overview of the characteristics of the surges in intensity in these
sports is presented in Table 2.
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4.1. Cross-Country Skiing

Changes in elevation are a key factor in the surges in intensity reported in XC skiing.
In sprint skiing races (0.8 to 1.8 km, approximately 3 min in duration) [43], the time spent
in individual uphill sections was reported to range between 15 and 50 s, with two different
studies [28,38] reporting uphill times of approximately 15, 18, 21, 22, 38, and 51 s. In
shorter climbs, intensities of 140–160% of the athletes’ VO2max have been reported [28],
with only a short period (20 to 40 s) spent in flat and/or downhill sections prior to the
next uphill section [28,38]. As the race distance increases, so does the length of the uphill
sections. In events ranging from 10 km to 15 km, male and female skiers withstand uphill
sections lasting between 40 and 226 s [39,40]. Despite the duration, these efforts are still
performed at intensities above the athletes’ VO2max but vary based on the length of the
section (approximately 115% VO2max for longer climbs and 140–160% VO2max during
shorter ones) [22]. The work-to-rest ratio is similar to that of shorter races. For example,
between two uphill sections (42 and 41 s in duration, respectively), athletes competing in
a 10 km race spent approximately 25 s in the subsequent downhill section [39]. A short
period on a flat or downhill section after a long climb has also been reported in longer races
(21.8 km) [9], with a flat and downhill section occurring back to back only twice during the
race (14 segments). XC skiing races, thus, are a sequence of uphill–downhill or flat–uphill,
with work-to-rest ratios of 2:1, 1:1, and 1:2 reported between climbs [9,28,38–40].

In addition to the challenges imposed by the terrain, the increased number of mass
start races also influenced the pacing profile in the sport. In these races, narrow tracks often
limit the ability to advance in the field. Further, an accordion effect (when competitors in
front reduce their speed, but soon accelerate, with the fluctuation in speed propagating
backwards) has recently been reported [9]. The accordion effect can lead to additional accel-
erations and decelerations and also to more incidents during the race for those skiers not in
the leading pack [9]. Positional advantage is, therefore, important, and athletes perform the
initial lap of the race at an intensity that is higher than that of the subsequent laps, with the
higher intensity potentially due to a greater number or intensity of surges performed [9].
Lastly, mass start races are won in the finishing sprint, with several competitors performing
an all-out sprint to the finish line. In a 21.8 km race, a group of 10 athletes sprinted over
the last 1.2 km of the race, with only 2.4 s separating the top five skiers and a photo finish
required to determine the winner [9].

Given its characteristics, success in the sport requires the ability to withstand high
intensities (110–160% VO2max) during uphill sections and to recovery quickly from these
efforts in the downhill sections (40–60% VO2max) [11,22,32,44]. These demands are magni-
fied in mass start races where further surges are required to attain a better position in the
field. Navigating these demands while retaining the ability to sprint to the finish line is
essential for success in these events.

4.2. Mountain Biking

The changes to the regulations (reduction in race duration and increase in technical
constraints) have altered the demands of the sport. XC MTB races last 80–100 min and are
comprised of an explosive start followed by a pattern of intermittent bursts throughout
the race [12,21]. The initial burst has been shown to last approximately 68.5 ± 5.5 s, and
to occur at an intensity of 481 ± 122 W (6.63 ± 1.34 W/kg, equivalent to approximately
118% of the athletes’ MAP) [12,45]. It must be noted, however, that this data is from
prior to the regulation changes. Recent studies have yet to describe the initial surge but
have highlighted that the initial lap of the race is performed at a higher intensity than
other laps [21,45], due to the performance of numerous surges in intensity that can range
between 200 and 300% of the athlete’s MAP, reflecting that athletes need to optimally
position themselves early in the race. The benefit of positional advantage for the single-
track sections of the race compensates for the negative effects of the intense effort earlier in
the race, even if the intensity of some surges approaches the athletes’ maximal anaerobic
power (MAnP) [10].
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Analyzing the surges in intensity in relation to the athletes’ CP, Naess et al. [13]
reported an average of 90 surges in intensity above CP per lap (3.8 km, 16 ± 2 min). These
surges had an average duration of approximately 8 s and ranged in intensity from 120% to
140% of the athlete’s CP. Granier et al. [10] described the supramaximal (>MAP) surges over
13 international races (90 ± 9 min) and reported an average of 18 bursts of intensity each
lap (laps varied between 3.5 and 5.6 km, with races ranging between 5 and 8 laps). These
surges had an average duration of 10 s and were performed at an intensity of approximately
559 W ± 46 W (equivalent to 136% of the athletes’ MAP). Throughout the race, the number
of surges performed per lap either remains constant [10] or is reduced [13], while the
intensity of the surges is gradually reduced [10,13]. It is not clear if the change in intensity
is a result of athletes trying to avoid fatiguing before the end of the race or a result of
athletes separating into smaller packs [13].

Combined, these studies indicate that XC MTB requires multiple short (8 to 10 s)
efforts above CP and MAP. These occur approximately every 30 to 50 s [13], leading to a
work-to-rest ratio of approximately 1:4 or 1:5. Between surges, intensity is reduced to 40%
to 60% of the athletes’ MAP, and periods of even lower intensity (no power produced or
less than 10% MAP), typically a downhill section, are common [21]. This pattern leads
athletes to spend a significant portion of race time (25 to 40%) below their first ventilatory
threshold (VT1) or above their MAP (25% to 30% of the race) [10,13,21]. This has led
authors to emphasize that the ability to perform numerous surges in intensity above MAP
should be a key training goal [10,21]. In addition, the numerous supramaximal surges in
the sport have also altered athletes’ profiles, with the MAnP of MTB athletes increasing
by 15% over a 10-year period [10,26]. Given the numerous variations in intensity, high-
intensity repeatability (i.e., the ability to perform multiple surges in intensity) [46] has been
highlighted as the strongest predictor of performance in a group of elite XCO athletes,
along with maximal pedaling rate and relative maximal aerobic power [21].

4.3. Road Cycling

Road cycling is characterized by prolonged periods of low- and high-intensity exercise
and numerous short, high-intensity surges throughout the race [14]. These surges can
be as frequent as in other intermittent sports, despite many races in road cycling lasting
several hours [8]. The changes in intensity occur when athletes have to overcome varying
conditions (uphill sections or headwinds, for example), attempt a breakaway, or have to
respond to attacks from other competitors [14]. The characteristics of these surges differ
depending on the reason for their occurrence. For example, the variations in intensity that
occur due to changes in elevation depend on the race profile. One-day, single-stage, flat
races require a higher number of short-duration efforts, with the ability to produce high
power outputs in durations ranging from 5 to 30 s being a key factor for performance [15].
Semi-mountainous stages require the ability to perform slightly longer efforts (30 s to 2 min),
while time trials and mountainous stages require longer duration (>10 min), sustained,
maximal power outputs [15]. The influence of the course’s characteristics is also seen in
criterium races, with a greater number of short (6 to 10 s) surges above MAP compared to
hilly and flat races (70, 40, and 20 sprints above MAP, respectively) due to the numerous
accelerations out of corners in these shorter loop races [47].

The surges in intensity that occur due to race dynamics vary in their characteristics
depending on when they occur in the race. Earlier in the race, the surges are performed
at a lower intensity since the larger group might allow the breakaway to occur. Later
in the race, however, power output remains elevated for a subsequent 30 s to 5 min
following an attempted breakaway, to ensure the success of the action [14]. Throughout
the race, the characteristics of the surges might also change. In women’s races, the athletes
performed 68 efforts of at least 15 s that exceeded 80% of the average power of the final
sprint to the finish line, with these being more prevalent during the second (25%), third
(26%), and fifth (31%) quintiles of the race [8]. The later stages of the race are particularly
challenging. Abbis et al. [14] reported that in the 10 min prior to establishing a breakaway
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numerous 5–15 s efforts, at a very high intensity (700 to 1000 W, approx. 9.5–14.0 W/kg)
are performed. A difference in the amount of time spent at high intensities (>6.6 W/kg) for
short efforts (<3.8 s) was also reported between the penultimate and the final 5 min of the
race, highlighting the importance of being able to perform multiple short, high-intensity
efforts at the end of the race [7,41]. Menaspa et al. [7] also reported that the final 5 min of
the race had twice as many surges in intensity when compared to the previous 5 min. The
increase in the number of surges in intensity contributes to the last 60 min of the race being,
on average, 15% more intense than the other sections of the race [7]. The need to perform
multiple short (3 to 10 s efforts) bursts of intensity likely explains why a top-5 or top-10
finish for males and females is largely determined by shorter duration (5 and 10 s) absolute
and relative maximal mean power (MMP), even in races with different characteristics (flat
vs. mountainous, for example) [48,49].

Particularly in the later moments of the race, team dynamics also play an important
role. As a team attempts to win the race with their designated sprinter, the cyclist’s
teammates might provide drafting and tactical assistance [50], potentially influencing the
demands experienced by the athlete. In the last 60 s preceding the finishing sprint, the
position of the cyclist within the bunch (closer to the front of the pack) and the number of
teammates in front of the athlete are related to the chances of a successful sprint [51,52].
These last moments of the race include numerous surges in intensity and a higher overall
intensity [7,51,52], with the demands likely different between athletes within the same team.
It is important to notice that the athlete’s specialization (e.g., climber or sprinter) is another
factor to be considered. Compared to climbers and flat specialists, sprinters might possess
higher power outputs in short (5 to 30 s) durations, while climbers might be better suited
to sustain longer efforts (5 to 60 min) [53,54]. An analysis of the demands of the Tour de
France, for example, has shown that sprinters endure a greater load during mountainous
stages [55]. In this context, sprinters with good climbing ability might be better positioned
to win as other competitors (e.g., flat-terrain sprinters) might be dropped before the finish
line [51].

The ability to perform numerous surges in intensity and stay within the leading pack
allows the athletes the chance to win the race, by sprinting to the finish line. In women’s
races, the average sprint finish required an effort of approximately 20 s in duration, with a
peak power output of 886 W (SD 91, range 716–1088, 13.9 W/kg) and an average power
output of 679 W (SD 101) or 10.6 (1.5) W/kg [8]. For males, the finishing sprint lasted
approximately 13.2 s (ranging between 9 and 17 s), with a peak power output of 1248 W
(SD 122) and an average power output of 1020 W (SD 77, range 865–1140) or 14.2 (SD 1.1,
12.2–15.8) W/kg [7,41].

These studies demonstrate that success in road cycling requires several efforts of
different durations that vary in their demands according to the race’s characteristics (e.g.,
flat vs. mountainous) and where they might occur during the race (early in the race vs. in
the 5 min preceding the finishing sprint, for example). In addition, a winning performance
requires one final sprint to the finish line, performed for an average of 13 to 20 s (for males
and females, respectively), and reaching an average intensity that is more than 200% of the
athlete’s MAP.

4.4. Triathlon

The cycling leg of a super sprint (such as the mixed-relay, MR), sprint (SD), and
Olympic (OD) distance triathlons is essential for overall race performance. Positioning at
the end of the cycling leg is significantly correlated with race performance [30], and athletes
who complete the 2nd transition in the leading pack have a higher probability of winning
a medal [56]. This leg is characterized by high variability in power output and cadence,
and many short intensity bursts alternated with moderate intensity periods [16,17,20].
However, different methods of classifying these surges lead to large variations in the
numbers reported in the literature. Etxebarria et al. [20] found that athletes competing
in OD races completed an average of 34 (±14) surges per race, with a surge identified as
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any 1 s period where the intensity surpassed 600 W (more than 200% of the average race
intensity of 252 ± 33 W). The number varied significantly between (ranging from 11 to 55)
and within the races, with three athletes in the same event completing 35, 40, and 54 surges.
A recent study [30] shows even higher numbers in OD and SD races, with an average of
13.9 peaks of power output above MAP per kilometer. Bernard et al. [16] also reported the
duration of surges above the athletes’ MAP, showing that the athletes completed 57 surges
of seven seconds and 13 efforts of 15 s throughout the race. In addition, 13 periods of seven
consecutive seconds, with intensities above 60% of the athletes’ ManP, were also recorded.
Race dynamics also significantly influence the number of surges performed during a race.
During the cycling leg of the mixed-relay triathlon (300 m swim, 7 km bike, 2 km run), for
example, the athletes perform anywhere between 8 and 17 sprints (depending on their
position within the team, which might affect if they are riding with a group or chasing a
pack) [34]. The male athletes in the event performed 11 and 12 peaks above 650 W during
approximately 10.5 min of the race, while the female athletes performed 8 and 17 bursts
of intensity above 400 W, with the difference between the two female athletes due to one
athlete being chasing a group while the other was riding with a pack [34]. The fact that
athletes perform several efforts even when not racing with a group highlights the influence
of the course’s characteristics in the number of surges performed.

The influence of changes in elevation to the variable pacing profile seen in the different
triathlon events requires further investigation. Along with a technical course, changes in
elevation are responsible for an increased variability in power output in off-road triathlons,
with the races resembling what is found in XCO mountain biking [37]. For road events,
however, no correlation was found between the athletes’ power profile and the presence of
uphill sections [30]. A further factor to be considered is how the athlete’s characteristics and
performance on the other legs might influence their race. A strong swimmer might create
a gap to the chase pack, leading to a bike leg with little influence from other competitors.
The athlete’s locomotor profile [6] might also dictate that some athletes will excel with a
variable pacing profile, while others will perform better following a constant pacing effort.
Corroborating this assertion, a recent investigation [57] highlighted the importance of
determining the order of the athletes within a mixed-team relay to ensure that the athletes
that excel in specific circumstances (i.e., racing in a group or in a non-drafting situation)
can match the requirements of the race.

The duration of the races and the number of surges reported indicate that the cy-
cling leg of a triathlon event might require athletes to perform a 7 to 15 s effort per
minute [16,30,34], with these efforts exceeding the athletes’ MAP [16,34]. In this context,
work-to-rest ratios of 1:4 to 1:6 can be expected. Between surges, the intensity is low (ap-
proximately 60% MAP) [20,23]. This pattern leads athletes to spend a significant amount
of time in intensity zones close to or above their MAP. In the MR and OD races, athletes
spent approximately 18% of their race time above MAP [16,20,30], with the amount of work
completed in this intensity (as a percentage of total work done in the race) reported to
be even higher (37.5%, on average) [30]. Shorter races, such as the MR, might have even
higher demands. In the same team, male athletes (positions 2 and 4) were reported to spend
48% and 62% of race time at intensities above 85% of their MAP, while the female athletes
(positions 1 and 3) spent 58% and 64% of the race time above this threshold [34].

Further analysis of the surges in intensity during the cycling leg of a triathlon is
required as studies have reported peaks of power output above the athletes’ MAP [16,30]
or above an arbitrary power output [20,34]. The variations in the characteristics of the
surges (duration, frequency, intensity) per lap are also not well established in the literature.
For example, the final moments of the cycling leg have been described to occur at a higher
intensity than the previous laps, as athletes attempt to position themselves for the start of
the running leg [58]. It is possible that this could lead to greater variations in intensity in
the final moments of the cycling leg. In turn, this might influence the athlete’s performance
during the running leg of the event [17,59].
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5. Intermittent Endurance Events: Potential Implications for Performance

The completion of numerous surges in intensity has important implications for per-
formance in these events. Two key areas related to performance are highlighted: the
development of fatigue during the races and the importance of different determinants of
endurance performance to success in these events.

5.1. Fatigue Development during the Race

The surges that occur during races are performed at intensities that range from above
the MMSS (a surge in intensity at 110% of the athlete’s critical power in XC MTB, for
example) [13] to supramaximal intensities, with values up to 300% of the athletes’ MAP
reported in the literature [10]. These intensities encompass two different intensity domains:
the severe (intensities from the MMSS to approximately 136% of the athlete’s MAP) and
the extreme (intensities above 136% of the athlete’s MAP) domains [18,60]. The increased
reliance on anaerobic energy production in these domains leads to an accumulation of
H+, inorganic phosphate (Pi), and blood lactate, along with a drop in phosphocreatine
concentrations (PCr) and pH within the muscle [18,61,62]. These factors are implicated in
the development of central and peripheral fatigue [61,62].

The magnitude of central and peripheral fatigue is determined by the duration and
intensity of the exercise. In self-paced trials, central fatigue is greater following longer
duration efforts [63]. Similarly, during repeated supramaximal efforts, peripheral fatigue
develops earlier, with central fatigue presenting a later onset [64]. Further, the magnitude
of central and peripheral fatigue is dependent on the intensity domain in which the exercise
is performed. At task failure, central fatigue is similar following exercise in the moderate,
heavy, and severe intensity domains, while it is absent in the extreme intensity domain.
Conversely, peripheral fatigue is greater following exercise performed in the severe or
extreme intensity domains [61]. Endurance events with an intermittent pacing profile might
then present a particular scenario in which the supramaximal surges in intensity will lead
to a larger magnitude of peripheral fatigue, while the duration of the exercise (and the
continuous demands of subsequent sprints) will also increase the degree of central fatigue.
This combination of central and peripheral fatigue is likely to increase the physiological
demands of the race and potentially hinder performance.

When compared to performing the same amount of work at a constant intensity, a vari-
able pacing consisting of multiple maximal and supramaximal surges leads to higher levels
of blood lactate, heart rate, ventilation, oxygen consumption, and perceived exertion [24,59].
Subsequent performance is also impaired to a greater extent [23,24]. Figure 1 provides an
overview of reported surges during different events and the intensity they represent.

Further, once exercise intensity exceeds the MMSS, only a limited amount of work, the
athletes’ W’, can be performed [18]. The W’ represents a finite work capacity above CP and
is related to the accumulation of metabolites related to fatigue, such as inorganic phosphate
(Pi), adenosine diphosphate, and hydrogen ions (H+) [18,65,66]. A strong relationship
between full depletion of W’ and task failure in the severe and extreme intensity domains
has been observed [61,65,67]. Importantly, the rate of utilization and the size of W’ might
vary based on the intensity of the efforts. The more intense, the faster the depletion, with
the W’ for efforts in the extreme intensity domain potentially smaller than for efforts in
the severe intensity domain [68]. This anaerobic capacity is attributed to three different
energy sources—local oxygen stores (aerobic contribution), high energy phosphates (alactic
contribution), and anaerobic glycolysis (lactic contribution) [13,66,69]. During exhaustive
exercise, the contribution of these sources is 5–10%, 20–30%, and 60–70%, respectively [11].
While the recovery of local O2 stores and PCr is quick (20 s halftime), the recovery of the
lactic component of W’ is much slower [65,70]. Efforts that lead to substantial accumulation
of blood lactate might also delay the recovery of PCr and impact movement economy [71].
It is best for the athletes, then, that the supramaximal efforts performed are not as intense
or prolonged to fully deplete their W’ or to significantly impair their ability to recover from
the efforts, hastening their fatigue development.
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domains and the athletes’ anaerobic power reserve (APR). The image illustrates the numerous surges
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metabolic steady state, MAP: maximal aerobic power, MAS: maximal aerobic speed, MPP: maximal
peak power.

The level of W’ depletion reported in the literature supports this assertion. In MTB,
most of the surges in intensity deplete only a fraction (less than 10%) of the athletes’ W’,
and very few efforts reach 50% of their W’ [13]. While the duration of the efforts in the
sport remains constant, the intensity is reduced (with a reported W’ depletion of 11% per
surge in the initial lap vs. 3–5% throughout the remainder of the race) [13]. A similar
pattern occurs in XC skiing, where the magnitude of the depletion of the athlete’s anaerobic
capacity (assessed through the maximal accumulated oxygen debt (MAOD)) in each surge
is considered small (approximately 50% or less) in relation to the athlete’s total anaerobic
capacity [11,22]. The accumulated depletion of anaerobic sources during a race, however, is
much greater than the athletes’ capacity. Athletes can expend up to 3.8 times their anaerobic
capacity during a XC skiing race [11], with similar levels of expenditure and replenishment
of the W’ also reported in MTB [13] and off-road triathlon races [37].

This greater level of anaerobic capacity expenditure is possible because the intense
efforts are interspersed with periods at low intensity. This pattern of intense surges and
low-intensity efforts leads athletes to spend a significant amount of race time at intensities
above the MMSS and their MAP/MAS, along with long periods at intensities below the
first ventilatory threshold (in the moderate-intensity domain) (Figure 2). At these lower
intensities, athletes can recover their W’ and minimize the increases in muscle activity
and oxygen consumption [65,66]. W’ reconstitution occurs in a biexponential way, with a
faster initial recovery (e.g., a 30% reconstitution in the first 30 s after exercise to exhaustion),
followed by a slower recovery of the remaining portion [70]. Recovery of fatigue-related
substrates (e.g., resynthesis of PCr) and clearance of fatigue-related metabolites from
muscle (e.g., H+) also occur [65,66,69,70], allowing the athletes to avoid the attainment
of a limiting intramuscular environment. The reduction in the intensity of the surges
throughout the races has been hypothesized to occur so that athletes avoid achieving
this level of metabolic stress [13]. In this context, the ability to minimize the metabolic
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disturbances due to repeated efforts above the MMSS and at supramaximal intensities is
essential to performance in these events.
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Figure 2. Time spent at different intensity zones during intermittent endurance events in triathlon
(top) and mountain biking (bottom). Data for triathlon from Bernard et al. [16] and Cejuela et al. [30];
data for mountain biking from Granier et al. [10] and Hays et al. [21]. Training zones in triathlon
correspond to: Z1: below VT1, Z2: between VT1 and VT2, Z3: between VT2 and MAP, Z4: above
MAP. In MTB: Z1: no power or 10% below MAP, Z2: 10% MAP to below VT1, Z3: VT1 to VT2, Z4:
VT2 to MAP, Z5: above MAP.

5.2. Impact of a Variable Pacing Profile on Determinants of Endurance Performance

A change in the distribution of power output during an endurance event alters the con-
tribution of different factors that determine performance [3,25]. In endurance events with
a variable pacing profile, the athletes’ MAP/MAS and VO2max might have an increased
importance to performance. A higher MAP and VO2max improves recovery following
repeated sprints [72–74] and contributes to faster recovery of W’ [69,70], while also allowing
athletes to minimize the number of supramaximal efforts they complete. As time to fatigue
in supramaximal efforts is related to the percentage of the APR at which the efforts are
completed [6,75], a higher MAP might lead to efforts performed at a lower % of the athlete’s
APR. Unpublished data from our lab show that performing sprints at a higher supramaxi-
mal intensity leads to greater physiological stress and hinders subsequent performance.
In the study, 15 well-trained (tier 2) [76] male endurance athletes completed a protocol
simulating the work-to-rest ratio reported in some intermittent endurance events [10,16].
The participants were asked to complete fifteen 10 s sprints, interspersed with 50 s of
low-intensity cycling (60% MAP). The protocol was performed under three different con-
ditions, depending on the intensity of the sprints, either at the intensity associated with
the athletes’ MAP or at 25% or 50% of their APR. Blood lactate concentrations showed a
significant difference between conditions (Figure 3). Efforts at MAP were well-tolerated
by all participants, but supramaximal intensities showed significantly higher blood lactate
levels. Subsequent performance in a 30 s all-out effort was also significantly impaired
following supramaximal efforts (Figure 4). Current recommendations to training in inter-
mittent endurance sports corroborate these results. For MTB athletes, the performance of
high-intensity interval training to enhance MAP has been recently emphasized [10,21], and
similar recommendations have been made in triathlon [30] and XC skiing, where a higher
VO2max is also highlighted [28,77].

Further, the increased reliance on anaerobic energy is reflected in the changes to
performance determinants over the years. Anaerobic power (MAnP) and maximal velocity
(Vmax) have been identified as important determinants of performance in MTB and XC
skiing [19,29], respectively. For MTB athletes, MAnP has increased by 15% over a 10-year
period [10,13]. Increasing an athlete’s MAnP also raises the upper boundary of the APR,
potentially leading athletes to perform supramaximal efforts at a lower percentage of their
APR. The performance of intense efforts relying on anaerobic energy also increased the
importance of anaerobic capacity to performance in these two sports [26–28,32].
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The ability to perform repeated efforts at intensities above CP and MAP is also essential
to performance in these events. The development of repeated sprint ability (RSA) can
benefit athletes involved in road cycling [8,14], MTB [10,21], XC skiing [11,19,22], and
triathlon [17,30]. RSA training could improve the factors that limit the performance of
multiple surges during a race (e.g., oxidative capacity, H+ buffering) and neural factors
such as muscle activation and recruitment strategies [78]. Different strategies such as short-
and long-duration high-intensity interval training [79,80] and resistance training [80,81]
can be utilized to improve these factors.

Lastly, the ability to tolerate the intense demands of the race without a significant
decrement in performance is key to success. This trait, called physiological resilience [82] or
durability [46], has been proposed as the fourth determinant of endurance performance [82].
This resiliency is related to the degree of change or decoupling in physiological responses
(e.g., heart rate, blood lactate) to the same exercise intensity as work is accumulated during
a race [46]. To date, only a few studies have highlighted how these responses change during
endurance exercise, with results showing a shift in the athlete’s physiological responses
at the first [83] and second [59] thresholds as work is accumulated. When compared to
exercise performed at a constant intensity, Etxebarria et al. [59] demonstrated that the
magnitude of the shift in MMSS is greater after a variable intensity exercise bout with
multiple supramaximal surges in performance, even when both protocols are matched
for total workload. A recent study with road cyclists showed similar results, with greater
decrements in high-intensity performance following variable work [84]. Indeed, it has been
hypothesized that while the absolute intensity of the surges is reduced throughout a race
in MTB [13], it is possible that the efforts still represent the same relative intensity, as the
intensity associated with the athlete’s MMSS might have changed due to the work already
performed. The ability to perform and recover from numerous surges in intensity and its
relationship with durability and performance warrants further investigation.

6. Practical Applications and Future Directions
6.1. Summary of Different Intensity Zones to Performance

A variable pacing profile is common in many endurance events. In these races,
multiple surges in intensity are performed, with the characteristics (intensity, duration,
frequency, work-to-rest ratio) of these surges varying depending on several factors (e.g.,
race dynamics, course profile). As such, athletes must be prepared to always engage in a
highly stochastic race. These surges can occur so often that the pacing profile of certain
events resembles what is seem in team sports, leading to these sport being characterized as
“intermittent endurance events” [10,11].

The physiological demands of these intermittent endurance events, however, are
not yet fully understood. Of the studies that compared the responses between constant
and variable intensity endurance exercise, only a few [23,24,59] utilized protocols that
replicate the variations in intensity seen in these events. While challenging [14], future
studies should aim to replicate the duration, intensity, and work-to-rest ratio of these races.
Further, the performance of supramaximal efforts is common in these events. These efforts
occur within the athletes’ APR. This range of intensities (from MAP to MPP) encompasses
two different exercise domains (the severe and the extreme intensity domains). The factors
that limit exercise within these domains are distinct in nature, and as such so are the fatigue
mechanisms associated with them [61]. Distinct intensity zones might even exist within the
extreme intensity domain [85]. In addition, the intensity that demarcates the severe and
the extreme intensity domain is not clear, with recent studies showing that this threshold
can occur at a lower percentage (120 to 130%) of the athlete’s MAP [61,85] than previously
thought (approximately 136% MAP) [60]. Nevertheless, current studies report the amount
of time spent at supramaximal intensities as a single intensity zone (zone 4 or zone 6, in
either a 3- or 5-zone model, respectively) (Figure 1) [10,13,16,21,30]. The intensity of these
efforts has also been arbitrarily classified in different studies. For example, Peiffer et al. [8]
classified some of the supramaximal efforts in road cycling based on a percentage of the
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power output of the finishing sprint in the race. In triathlon, intense efforts have been
described as surpassing a certain threshold (400 W or 600 W) [20,34] or as a percentage of
the athletes’ MAnP [16]. Classifying these efforts according to a percentage of the athletes’
APR might provide a method to standardize the intensity of the efforts, while elucidating
the expected physiological demands of these surges [6].

6.2. Potential Aids for Performance Improvement and Environmental Considerations

Understanding the demands of intermittent endurance events might open new av-
enues for interventions that can influence performance. For example, creatine supplemen-
tation, long considered to not have an important effect on endurance performance, can
enhance performance in events where multiple surges in intensity are performed [86,87].
Given their intermittent profile, training interventions that can improve performance in
team sports, such as repeated sprints with blood flow restriction or in hypoxia [88,89],
can also become valuable tools to enhance performance in intermittent endurance events.
Lastly, heat and altitude have both been demonstrated to reduce performance during
repeated sprint efforts [90,91]. Further research should investigate the influence of these
environmental factors during intermittent endurance events, with particular focus on how
they might influence the ability to perform multiple surges in intensity and their effect on
subsequent performance.

6.3. Limitations

This review aimed to describe the variable pacing profile that occurs in different
endurance events, with a particular focus on events described as “intermittent endurance
events”. Some limitations within the literature must be acknowledged. First, the research in
this topic has been done with athletes that ranged from trained to elite or world class [76]. It
is unclear if races performed at lower levels of the sport present a similar pacing profile. As
such, caution is advised when translating this information to recreational- or developmental-
level athletes. Second, it is important to consider the limitations of a narrative review in
relation to methodological rigor and the selection of articles for inclusion. Nevertheless, we
are confident that our review addresses best practices in writing a narrative review [92]
and that it provides a key contribution to deepening the understanding of this topic [93].
Future studies in each individual sport presented here (and others in the literature) are
necessary for a better understanding of the specific demands of endurance events with a
variable pacing profile.
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Abstract: The triathlon is one of the fastest developing sports in the world due to expanding
participation and media attention. The fundamental change in Olympic triathlon races from a single
to a multistart event is highly demanding in terms of recovery from and prevention of exercise-induced
muscle injures. In elite and competitive sports, ultrastructural muscle injuries, including delayed onset
muscle soreness (DOMS), are responsible for impaired muscle performance capacities. Prevention
and treatment of these conditions have become key in regaining muscular performance levels and to
guarantee performance and economy of motion in swimming, cycling and running. The aim of this
review is to provide an overview of the current findings on the pathophysiology, as well as treatment
and prevention of, these conditions in compliance with clinical implications for elite triathletes. In the
context of DOMS, the majority of recovery interventions have focused on different protocols of
compression, cold or heat therapy, active regeneration, nutritional interventions, or sleep. The authors
agree that there is a compelling need for further studies, including high-quality randomized trials,
to completely evaluate the effectiveness of existing therapeutic approaches, particularly in triathletes.
The given recommendations must be updated and adjusted, as further evidence emerges.

Keywords: DOMS; EIMD; recovery; regeneration; muscle injuries; CWI; compression; endurance

1. Introduction

The triathlon is a multisport endurance sport in which athletes race sequentially in swimming,
cycling, and running over various race distances. Due to an ever-expanding participation base
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and increased media interest, the triathlon is considered to be one of the fastest growing sports
globally [1–3]. There are numerous event formats for both competitive and recreational events, ranging
from super-sprint to long-distance triathlon, over which the International Triathlon Union (ITU)
presides. In addition to the standard distance (Olympic distance) and sprint distance races, the ITU is
the Governing Body overseeing the Mixed Team Relay (MTR) [4]; an innovative racing format where
athletes complete a super-sprint triathlon, comprising of a 300 m swim, 6.6 km cycle and 1 km run
before handing over to a teammate in the given order of female-male-female-male. The Mixed Relay
is commonly held within 2–3 days of the individual race embedded within the same event. Having
recently been included in the Olympic program, the Mixed Relay will make its debut at the Tokyo 2020
Olympic Games [4]. As well as being an exciting addition for spectators, it alters the demands placed
upon the athletes, requiring them to work at higher intensity and greater speed throughout.

Historically, events such as the World Triathlon Series (WTS) or Olympic Games consisted of one
intense and exhausting race for each athlete. Subsequently, athletes were able to recover in the days
following competition until the resumption of full training or further competition; a second race start
during the same competition was usually not performed. The fundamental change in triathlons from a
single to multi-start event increases the demands placed upon the athlete in terms of recovery and
prevention of exercise-induced muscle damages, which in turn has created a demand for research
into optimizing recovery and regeneration. According to previous studies, particularly carbohydrate
depletion, dehydration, hypoglycemia, electrolyte imbalance and ultrastructural muscle damage have
been estimated to have a key function affecting muscle force output in triathletes [5,6]. As triathlon was
established as a traditional endurance sport, common recovery practices focus mainly on the metabolic
aspects (i.e., energy and carbohydrate storage, fluid intake, natrium balance [7,8]) and triathletes seem
well informed about the necessity of rehydration after exercise [6]. Several studies demonstrated
the presence of exercise-induced muscle injuries in triathletes [6,9,10], which is a relevant factor that
impairs muscle function in triathlons, and which is known to mainly result from the running leg [6].
It was demonstrated in a recent study that post-exercise myoglobin and creatine kinase levels as indirect
markers of muscle damage correlated with countermovement jumps height loss after the race [5,6].
The authors concluded that muscle fiber damage is one of the key factors for muscle fatigue in triathlons
and strategies to lessen muscle fatigue during triathlon events should comprise a reduction in muscle
damage [6]. However, those strategies have not been developed for triathletes up to now. Due to
the adapted Olympic program, there is now a greater demand on athletes to regain high-intensity
muscular activity and a high biomechanical output in order to deliver maximum performance for the
MTR race [11] (Figure 1).

Understanding the benefits of each intervention requires knowledge of the underlying muscle
damaging and exhausting mechanisms, pathophysiological processes and treatment interventions [12].
The design of an “ideal” recovery regime is a topic receiving a lot of attention within current elite
sports research [13–16]. Therefore, the aim of this narrative review is to provide an overview of the
current literature on the pathophysiology as well as treatment and prevention of muscle soreness and
suggesting the clinical implications for elite triathletes.
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Figure 1. Scuffles for positions during cycling. High muscular demands are required. Elite triathletes
need to perform i.e., over 1000 watts 3s peak power.

2. Materials and Methods

This narrative review focusses on the prevention and treatment of exercise-induced muscle
injuries in relation to elite level triathletes. The existing literature on the pathogenesis, treatment, and
prevention of exercise-induced muscle injuries, including original research reports, systematic and
non-systematic reviews, book chapters and case reports was reviewed independently from their level
of evidence. No systematic literature search was conducted. The aim of the present work was (1) to
update the information about the current findings in pathogenesis of exercise-induced muscle injuries;
(2) to apply current evidence for the treatment and prevention of exercise-induced muscle injuries
in general; and (3) to discuss and evaluate the current findings by considering clinical and practical
implications for triathlon races and competitions. For the purpose of this manuscript, the work done
by an interdisciplinary authorship, consisting of biomechanists, sports scientists and sports physicians
from the German Olympic Federation (DOSB) and the German Triathlon Union (DTU, Deutsche
Triathlon Union), as well as scientists specializing in the field of exercise-induced muscle injuries
is highlighted.

3. Results and Discussion

3.1. Mechanisms and Pathogenesis of Exercise-Induced Muscle Injures

3.1.1. Differentiation between Muscle Soreness, Exercise-Induced Muscle Damage (EIMD) and
Delayed Onset Muscle Soreness (DOMS)

The clinical progression and manifestation of exercise-induced muscle damage, also known as
DOMS, commonly begins 6–12 h post exercise, increasing progressively until peak pain occurs at
48–72hrs and thereafter decreasing until completely imperceptible 5–7 days post exercise [17,18]. DOMS
is often accompanied by impaired muscle contraction and reduced force capacity [17,19,20], whilst a
local or even global area of increased muscle tone is commonly observed [21–24]. DOMS is associated
with local muscle soreness, reduced range of motion and altered biomechanical function of the adjacent
joints [17,19,20,25,26]. Although the precise underlying causes of DOMS remain unknown [27], it is
commonly accepted that the main mechanisms are related to ultrastructural damage of skeletal muscle
integrity (exercise-induced muscle damage, EIMD) caused by intense and exhausting exercise and/or
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unfamiliar sporting activity [28–30] (Figure 2, Figure 3); for elite triathletes, the first scenario being the
most relevant.

Figure 2. Illustrating the pathophysiological pathway of exercises, Exercise-induced Muscle Damage
(EIMD), Delayed Onset Muscle Soreness (DOMS) and accompanying metabolic exhaustion; adapted
from Heiss et al. [12].

Figure 3. Z-disk disintegration and myofilament disarrangement as sign of ultrastructural damage was
evaluated by electron microscopy of biopsies of human vastus lateralis 24 h after strenuous resistance
exercise for 70 s under tension leading to DOMS (With kind permission, Prof. W. Bloch, German Sport
University Cologne, Germany).
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In the past, eccentric contractions in particular were suspected to play a key role in the development
of ultrastructural muscle injuries. In this condition, external loads are greater than the force generated
by the muscles fibres under concentric conditions [12,28,31]. The higher muscular force is caused by
an increase in recruitment of active cross-bridges [32] and in particular, by “passive-elastic” factors
(i.e., Ca2+ triggered increased stiffness of titin and its winding on actin [12,33]), as described in the
three-filament model and winding filament by Herzog et al. [34]. However, this hypothesis is not
entirely relevant to triathletes, as eccentric contractions may occur solely during running, particularly
on inclined surfaces. Several studies demonstrated the presence of exercise-induced muscle injuries in
triathletes [6,9,10]. However, the exact cause of muscle damage in endurance sports, in particular in
triathletes in triathletes has yet to be elucidated. In triathlons, there are no isolated eccentric contractions
that induce a “pure eccentric overload” as applied in several DOMS models. Instead, the disciplines of
swimming, cycling, and running are associated with changes of direction and positioning and eccentric
contractions are shorter and part of the entire stretch-shortening cycle [35,36]. Swimming and cycling
are considered to produce minor muscle damage in the involved muscles. Running however, as weight
bearing activity includes concentric and eccentric actions in the lower extremity muscles [6]. During
high-intensity races, central neuromuscular exhaustion and accompanying misinnervations can be
discussed to reinforce the development of ultrastructural muscle injuries in these conditions. Hence,
weariness induced alterations in intra- and intermuscular coordination between the muscle fibres with
associated overstressing and damaging single muscle fibers should also be considered a factor [23].
Furthermore, it is unclear if metabolic exhaustion may also reinforce the development of DOMS.

3.1.2. Inflammatory and Healing Responses

Electrolyte imbalances, leukocyte accumulation and infiltration in the exercised muscle, as well
as an upregulation of circulating pro-inflammatory cytokines have been found in the context of
DOMS as well as after exhausting endurance trials [27–29,37]. The released cytokines lead to a higher
vascular permeability and microcirculation disturbances as they act as inflammatory mediators [38].
The presence of interstitial fluid associated with intramuscular edema and compartment swelling
(Figure 4) as well as the presence of diverse inflammatory substances are described to be responsible for
nociceptor activation and pain sensation [39,40]. In response to the loss of sarcolemmal integrity and
permeability of the plasma membrane, DOMS is associated with increased creatine kinase (CK) activity
levels, which are one of the leading indirect markers of muscle damage [19,38,41,42]. Several further
markers such as Interleukin 6 (IL-6), C-reactive protein (CRP) [43], PTX-3 or LDH are upregulated
during inflammation within damaged tissues [44]. However, the assessment of these parameters has
been studied primarily in a scientific setting, as it is not methodological feasible in the context of
triathlon competitions; therefore, generalizability is limited.
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Figure 4. Axial (a,b) and coronal (c,d) T2-weighted fat-suppressed MRI images of the lower leg before
(a,c) and 60 h after eccentric exercise (b,d) in the same participant. The increased signal intensity (b,d)
reflects a rising fluid content in the gastrocnemius medialis muscle as equivalent of DOMS.

4. Treatments and Strategies to Target Exercise-Induced Muscle Injuries

It is desirable to prevent athletes from experiencing DOMS, particularly in the context of multi-start
events. Based on pathophysiological factors, recovery strategies should focus on various aspects,
including (1), the primary prevention of ultrastructural lesions during exercise (prevention of EIMD),
(2), the treatment of inflammatory responses leading to DOMS, and (3) – in case of failure of point (1)
and (2) the treatment and recovery strategies of reduce signs of DOMS [12]. A range of interventions
aiming to either prevent or relieve the symptoms of DOMS, thereby accelerating the recovery process
from this performance-limiting condition, have been reported.

4.1. The Role of Sleep

A reduction in total regeneration time at major sporting events containing multiple starts increases
the awareness of sleep as a crucial component of the recovery process. Disturbance of sleep can
be caused by early morning training, increases in training load, travel departure times, jet lag and
altitude [45,46]. Sleep deprivation is associated with lower physical and mental performance [47],
whilst optimal levels of sleep (in both quantity and quality) have been linked to increased performance
and reduced risk of injury [48]. The greater the demand for speed, tactical awareness and technical skill
within a sport, the more sensitive it is to sleep duration manipulation. Further to this, longer-term sleep
manipulation is more likely to affect athletic performance than acute sleep manipulation [49]. Some
studies showed a positive effect of sleep extension on subsequent performance [50,51]. A promising
option in the case of an insufficient night’s sleep could be the introduction of power naps, provided that
the recommendation of a 30-min maximum duration is not exceeded [52,53]. For practical suggestions,
refer to Table 1.
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Table 1. Recommendations for improving sleep in athletes (Data adapted from Simpson et al. [54]).

Obtain adequate total sleep duration Strategy 1: Track sleep for 2 weeks
using a self-report sleep diary.
Gradually increase sleep duration by
15 min every few nights, until athlete
feels well rested and alert during the
day. Consider increasing nighttime
sleep by 30–60 min/night; this is
particularly important if average sleep
duration is <7 h/night

Strategy 2: Consider
implementing regular naps,
beginning on weekends or
off-days if needed. Allow
adequate time to return to full
alertness after daytime naps

Maintain healthy sleep habits Strategy 1: Develop a good sleep
environment: the ideal room is cool,
dark, and comfortable. Avoid
having/using electronics or personal
devices in bedroom

Strategy 2: Avoid alerting factors
in the evening. Reduce ambient
light exposure in late evening
hours if possible, limit electronic
device use at least 1 hr prior to
bedtime, allow for a 30–60 min
relaxing wind-down period before
bed. Ideally, consume no caffeine
after lunch; limit alcohol use in
late evening

Minimizing impact of travel Strategy 1: Factor-in time needed to
adjust to new time zone; as a rule of
thumb, the body can adjust to 1 h of
time zone difference each day.
Consider starting to shift body clock
prior to departure or during flight;
personalized travel planners
(available online) may be helpful

Strategy 2: Reduce impact of
non-jet lag travel effects:
dehydration, acoustic stress, low
physical activity, changes in
food/drinking patterns

4.2. Compression Therapy

In recent years, there has been increasing interest in the efficacy of compression garments
for post-exercise treatment in various disciplines. Existing systematic reviews have concluded that
compression garments are effective in enhancing recovery from exercise-induced muscle damage [55,56],
whilst the majority of previous studies failed to support a performance-enhancing effect of wearing
compression garments during exercise. Results are not uniformly accepted. Inconsistent findings may
be caused by heterogeneous conditions [55,57] and no consensus for optimal application time, applied
pressure, composition as well as shape and design [57] could be provided thus far. Overall there is
limited evidence to suggest that compression garments impact athletic performance [58–60], but there
may be legitimation for its use in terms of recovery [55,57,61,62].

4.2.1. Compression Therapy during Exercise

Bringard et al. suggest that wearing compression garments during exercise may enhance muscle
perfusion and decrease muscle oscillation which thereby promotes a lower energy expenditure and
an improvement or maintenance in submaximal running speed [63]. Moreover, it is reported that
compression garments lead to increased comfort [12,57,64] and support the underlying tissue resulting
in reduced microtrauma and muscular damage [62,65]. In contrast, a systematic review by Beliard
et al. reported that nine from ten studies did not show any performance enhancing effects [57], nor
significant changes in objective physiological variables such as increased oxygen uptake or plasma level
related changes of lactate or CK [12,63,64,66]. Only Kemmler et al. could demonstrate a significant
performance effect (time under load, total work) for calf compression in male runners [66]. In summary,
wearing compression garments during exercise (triathlon) might lead to marginal improvements in
performance; however, evidence is inconclusive.

4.2.2. Compression Therapy Post Exercise

For post exercise compression therapy, heterogeneous modalities are discussed. For the prevention
of DOMS, several studies have shown positive effects on recovery, function and strength of the treated
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muscle groups [12,55,57,67]. The decrease of CK levels shown in two studies [15,55,57] and the
reduction of lactate level [67,68] could be seen as valid markers for improved regeneration. This could
be attributed to an attenuation in the release of CK into the bloodstream, improved clearance from the
circulation and enhanced repair of the damaged muscle tissue [12,57]. This theory could however not
be confirmed by MRI based investigations which showed no reduction in edema or DOMS in the calf
muscles [24]. In the same study, the only parameter shown to be significant was a faster normalization
of muscle stiffness.

4.2.3. Intermittent Compression Therapy

A further available treatment strategy is intermittent compression therapy. The NormaTec Pulse
Massage Pattern (The NormaTec PULSE recovery Systems, NormaTec, Watertown, Massachusetts,
USA) works with a pulsating, dynamic, upwards moving compression with the goal of mobilizing
fluids and supporting the outflow out of the extremities [12]. This method is poorly investigated
with only one study exists showing local hyperermia [69]. Pneumatic compression pants did not alter
the rate of muscle glycogen resynthesis, blood lactate, or blood glucose and insulin concentrations
associated with a post-exercise oral glucose load [70]. Further, Haun et al. reported a decrease in
DOMS and potential reduction in muscle proteolysis as well as oxidative stress [71]. There is a need
for further research related to mechanistic changes.

Practical implications: Based on the evidence reviewed, there is no generalized recommendation
for use of compression garments during exercise, but if the athlete reports subjective benefits, then it
may have a positive impact. There is evidence suggesting that compression can play a role in enhanced
post-exercise recovery, whilst evidence for dynamic compression is inconclusive.

4.3. Thermal Therapy

4.3.1. Cold Water Immersion Therapy (CWI)

Systemic cooling for post-exercise recovery and regeneration has become more widespread
in elite sport. Specifically, CWI has established itself as an effective therapy to cope with EIMD
and alleviate physiological and functional deficits [72]. There is high level evidence for its clinical
effectiveness in regard to an enhanced regeneration [12]. Hohenauer et al. emphasized, that cooling is
superior in comparison to passive recovery strategies with CWI achieving the best results in reducing
the symptoms of DOMS [73]. This was confirmed by Leeder et al., especially up to 96 hrs post
exercise [74]. Various aspects promoting a faster regeneration are suggested, for example, a facilitated
removal of metabolites [75]; limitation of inflammation and cell damage [76]; analgesic effects through
activation of M8 cation channels (TRPM8), located in a and c fibres [77]; compression through increased
hydrostatic pressure [75] and especially a decreased tissue temperature, blood flow and cardiovascular
strain [74,76,78]. Referring to the water temperature, the best results were found to be between 11 and
15 ◦C for 11–15 min. [72]. Also, the efficacy of CWI seems to be depended of the previous type of
exercise. CWI is thought to be most effective in attenuating EIMD induced by whole body prolonged
endurance-based exercise [79]. Inflammatory processes may be limited through a coldness dependent
down regulation of intramuscular metabolism [80]; however, associated adverse effects with regards to
glycogen resynthesis or lactate metabolism cannot be assumed and have to be investigated further.

Practical implications: Taking into account the different practical aspects, CWI seems to be an
appropriate short-term recovery modality of exercise-induced muscle injuries in triathletes, especially
within the new framework that includes mixed relay competition. Beside positive muscle injury related
effects, CWI should be viewed critically in regard to glycogen and energy metabolism. The application
of CWI should be adjusted to suit the environmental conditions such as climate, local equipment,
conditions and, not least, the athlete’s individual preference in order to be most effective.
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4.3.2. Heat Therapy

The application of heat therapy is still controversially discussed, and studies have to be regarded
cautiously in the examined context. Study protocols vary from experimental designs in isolated
mouse soleus muscle to gain information about glycogen and energy metabolism [81], to studies
focusing mainly on clinical outcomes like maximal range of movement (ROM) [82] or voluntary
contraction and muscle steadiness after sauna [83]. In regards to the acute inflammatory response
leading to DOMS (between 48–72hrs), whole-body heat therapy has to be regarded critically [28].
In contrast, after the outlined peak, heat therapy can support soft tissue repair, tissue nutrition
and circulation [84,85]. Studies show a positive effect in gaining muscle strength associated with
hypertrophy (10 weeks heat therapy without strength training) through provoked gene expression
for growth and differentiation [12,86] enhanced recovery after eccentric resistance training with an
acceleration of angiogenic factors in human knee extensor muscle [87] and an acceleration of muscle
contractility properties and decreased muscle steadiness after whole-body heat therapy by sauna [83].
In contrast Frier et al. emphasizes pre-exercise heat stress may inhibit increases in muscle mass,
potentially caused by accumulation of heat shock proteins in lower limbs of rats [88].

Practical implications: For the application of heat therapy in triathlons, no general recommendation
can be made at this point. Especially for acute injuries in the first inflammation phase, cooling is the
preferred strategy. After the inflammatory response or recovery without muscle injury, heat therapy
can support regeneration and improved tissue healing. Unfortunately, there are no available studies
with an endurance-based protocol, specifically relating to long-term muscle load such as the duration
of a triathlon event.

4.4. Active Regeneration

Conventional strategies such as low intensity exercise and stretching have a long tradition in
sports [89], whilst there has been a surge in innovative techniques recently which are yet to be fully
investigated. Low intensity training is suggested after eccentric or high-intensity training sessions
inducing DOMS, which is associated with muscle pain and tenderness [90], as well as compromised
performance and swelling [28]. It has been proposed that the short-term alleviation of pain during
exercise is due to the breakup of adhesions in the sore muscles, an increased removal of noxious waste
products via an increased blood flow or an increased endorphin release [90]. There are two studies
inducing DOMS with an eccentric exercise protocol in upper arm [91] and wrist extensor muscles [92]
followed by 8–10 min ergometry; neither was unable to show any clinical advantage [90]. In contrast
Hasson et al. reported a significant decrease in DOMS 48 hrs after a high velocity concentric isokinetic
exercise of the knee extensors and flexors by performing a stepping exercise 24 hrs after the initial
training [90,93]. In summary, study results related to recovery from DOMS are heterogenous, without
any clear conclusion.

Furthermore, in regard to fatigue inducing exercise, Vanderthommen et al. were unable to show
any superior effect in performance or pain of active compared to passive regeneration after isometric
muscle contraction [94]. The same recovery modality of pedaling on a bicycle ergometer with a
moderate load had however demonstrated an improvement in the recovery process [94]. These studies
showed a superior blood lactate removal following active recovery [95,96] compared to passive recovery.
In a randomized controlled trial from 2018 no positive effects of dynamic contract-relax stretching
in either strength or in ROM or pain threshold could be confirmed [97]. Moreover, stretching after
eccentric exercises failed to prove its efficacy [90], therefore it was concluded that there is insufficient
data for stretching as a strategy to enhance recovery [98].A new form of active regeneration is foam
rolling, as a method of self-myofascial release, which has become popular in recovery [12] with
ubiquitous use through all performance levels. Several studies have examined the effect of post muscle
damaging exercise foam rolling. All studies reported a significant reduction of pain, whilst two also
showed objective benefits in sprint and jump performance and in ROM [17,99], which was, however,
contradicted by the findings of Jay et al. [100]. As another clinical outcome Fleckenstein et al. observed
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a significant effect of foam rolling on neuromuscular exhaustion as maximal isometric voluntary force
of the knee extensors and pain [101]. The only study observing the rate of blood lactate clearance
was conducted after a 100 m water-rescue in life guards which was also found to be significant [102].
In conclusion, foam rolling seems to be effective in pain reduction, but further benefits have yet to
be conclusively reported. The underlying physiological principles and potential risks also remain
unclear [103,104].

Practical implications: As an active recovery strategy, low intensity training in form of 15 min of
pedaling directly after exercise might have a recovery enhancing effect, however, there is little evidence
of performance enhancement or objective support for muscle healing [12].

4.5. Nutrition

The importance of post-exercise nutrition as a critical component of recovery is widely accepted.
However, evidence-based dietary recommendations specifically related to elite triathletes are still
lacking. There are many studies evaluating the effects of nutritional expression of DOMS after
EIMD. The importance of protein supplementation for endurance triathletes is increasingly accepted.
Post-exercise protein supplementation enhances muscle protein synthesis and satellite cell activity for
muscle repair, furthermore facilitates muscle glycogen resynthesis [105]. Beside this, branched-chain
amino acids (BCAAs) which are mainly metabolized in skeletal muscle [106], are thought to have
further positive effects on exercise-related cytokine production in cases of structural and metabolic
processes due to exercise damage [12,107]. A review analyzing the effects of branched-chain amino
acids (BCAAs) in endurance sports concluded that supplementation with BCAAs lowers the degree of
pain and muscle damage, perceived exertion and mental fatigue, but stimulates the anabolic response
in recovery and improves the immune response. There was no consensus about the dose and timing,
but it seems to be most effective if there is 2–3/1 1g relationship between leucine/ isoleucine and
valine amino acids [108]. Doering et al. suggest that masters athletes may have slower recovery
rates due to impaired muscle remodeling mechanism, compared to younger, equally trained athletes,
after muscle-damaging endurance exercise. Given this fact, masters athletes could benefit from
higher doses of post exercise dietary protein intake, especially with leucine [105]. A systematic
review showed that a high daily BCAA supplementation (>200 mg kg −1 day −1) for a long period
(>10 days) was particularly effective when the extent of muscle damage was low-to-moderate and
consumed pre-exercise [12,40,109]. Another important nutritional component targeting a fast and
ideal recovery are the omega-3-fatty acids. By limitation of anti-inflammatory responses and oxidative
stress, omega-3-fatty acids significantly reduce the DOMS sensations. Therefore, it is recommended to
ingest 1.8–3 g of omega-3-fatty acids after exercise [110,111].

5. Conclusions

The present work provides an overview of the pathophysiological pathway, as well as the various
treatment strategies in the field of exercise-induced muscle injuries, and evaluates their effectiveness
with respect to the existing scientific evidence and practical expertise (Table 2). As a limitation of this
review, there are only a few studies dealing with specific interventions in elite triathletes. Most existing
investigations focusing on the pathogenesis or interventions in exercise-induced muscle injuries
consist of a wide spectrum of athletes and different accompanying metabolic demands. Further,
when interpreting triathlon specific data, different metabolic demands in short and long-distance
athletes have to be considered, and it is unclear if given general recommendations can be completely
transferred to Olympic triathletes. The authors agree that there is a compelling need for further
studies, including high-quality randomized trials, to completely evaluate the effectiveness of existing
therapeutic approaches. The given recommendations must be updated and adjusted as further
evidence emerges.
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Abstract: Triathlon is characterized by the multidisciplinary nature of the sport where swimming,
cycling, and running are completed sequentially in different events, such as the sprint, Olympic,
long-distance, and Ironman formats. The large number of training sessions and overall volume
undertaken by triathletes to improve fitness and performance can also increase the risk of injury,
illness, or excessive fatigue. Short- and medium-term individualized training plans, periodization
strategies, and work/rest balance are necessary to minimize interruptions to training due to injury,
illness, or maladaptation. Even in the absence of health and wellbeing concerns, it is unclear whether
cellular signals triggered by multiple training stimuli that drive training adaptations each day
interfere with each other. Distribution of training intensity within and between different sessions is
an important aspect of training. Both internal (perceived stress) and external loads (objective metrics)
should be considered when monitoring training load. Incorporating strength training to complement
the large body of endurance work in triathlon can help avoid overuse injuries. We explore emerging
trends and strategies from the latest literature and evidence-based knowledge for improving training
readiness and performance during competition in triathlon.

Keywords: health; periodization; intensity; concurrent training; fatigue; quantification;
monitoring; nutrition

1. Introduction

Triathlon is characterized by the multidisciplinary nature of the sport where swimming, cycling,
and running are completed sequentially within the same event. The sport has a wide array of event
formats, ranging from the mixed relay race (about 20 min), to the sprint distance race, lasting about 1 h,
and the long-distance triathlon (Ironman), raced over an 8–9 h period at the elite level. In addition
to the high training volumes typically undertaken for endurance sports, training for three different
sporting disciplines simultaneously requires thoughtful planning of a large number of training sessions
every week [1,2]. Large volumes of training can increase the incidence of illness and injuries, however,
recent advances in knowledge in this area can minimize this risk while maximizing performance.
This review examines the physiological (and biochemical) challenges of simultaneous multidisciplinary
training and health risks associated with triathlon, individualized periodization and training strategies,
and emerging trends in triathlon preparation.

The various formats and distances of triathlon racing all have their own discrete demands for
different competition schemes. For example, in the main Olympic distance triathlon competition,
a high level of sustained performance throughout the season is required, as the World Triathlon Series
(eight events in 2019) reward the most consistent high-performing athlete with a World Champion title.

Sports 2019, 7, 101; doi:10.3390/sports7050101 www.mdpi.com/journal/sports

247



Sports 2019, 7, 101

In contrast, the long-distance events, particularly the Ironman, demand a single stellar performance on
the day, given the very small number of races a triathlete usually undertakes in a year and the grueling
physical demands of the lengthy race. Finally, there is the newest addition to the Tokyo 2020 Olympics
program, the mixed relay race where two male and two female athletes complete a super-sprint
triathlon—300 m swim, 6.6 km bike, and 1 km run—before tagging off to a teammate. A rather short
and intense performance display for a so-called endurance athlete. The intricacy of triathlon goes
beyond the multidisciplinary nature of the sport, and expands to athlete physical and mental health,
training monitoring, nutritional strategies, and many other aspects. Careful integration of existing
and emerging factors contributing to performance outcomes (Table 1) should promote adaptation to
training, reduce the risk of injury and illness, and optimize training and competition readiness.

Triathletes sustain high training loads with various combinations of intensity and volume of
training, represented by power output measured in watts, during cycling, for example (external load),
and the associated perceptual measures and physiological responses (internal load), such as rating of
perceived exertion (RPE) and heart rate (HR), blood lactate, and oxygen consumption. The uncoupling
of internal and external loads is used to assess the fatigue status of an athlete [3]. For example, using
the cycling external load mentioned above, the power output may be maintained for the same duration;
however, depending on the fatigue state of the athlete, this may be achieved with a high or low heart
rate or a high or low perception of effort [3].

The dissociation between an HR response (internal load) to a known low exercise intensity, such as
150 W in cycling (external load), whereby the HR response is elevated in response to the relatively
low absolute intensity (external load), might reveal a marked state of fatigue in an athlete. To achieve
optimal training progression leading to best race performance, various training-load monitoring tools
have been developed to assist athletes and coaches in evaluating the readiness to perform, risk of illness
and/or injury, and readiness to return to play from injury [4,5]. These athlete/training monitoring tools
can highlight apparent disparities between internal and external loads and help the coach identify any
looming problems before they materialize or are substantially aggravated.

In triathlon, as is common in most other sports, experience, anecdotal reports, and scientific facts
are integrated to make informed decisions on training prescription. However, translation of research
outcomes into individual training plans can be challenging as each athlete is different and can respond
to training stimuli in different ways [6]. Work-to-rest ratios, injury and illness episodes, and magnitude
of adaptations to training stimuli will all influence the coach’s decisions on individualized preparation
for training and competition. Often, the best source for key information about optimizing training
for athletes will come from the feedback provided by the athletes themselves [7]. Systematic athlete
monitoring, anecdotal experience, and evidence-based knowledge will inform the coach to craft an
integrated training plan individualized for each athlete.

1.1. Health First, Performance Follows

The primary aim of training is to prepare the triathlete for high-level competition. The journey
to achieving this goal, however, will be different for most athletes. Individual requirements of
frequency, volume, and intensity of training are different for each athlete, and an imbalance between
training-induced fatigue and recovery can manifest in various ways. Some athletes suffer from
excessive fatigue or overtraining, while others might succumb to injury or illness. During intensive
training periods, carefully constructed individualized training plans should promote improvements
in fitness capacities and performance, while avoiding setbacks. These setbacks are often caused by
health-related issues (injuries) that follow sudden or abrupt increases or reductions in training loads [5].
Consistency in training is an important factor in optimizing the preparation process for competition,
and an increased number of modified training weeks (due to illness or injury) can substantially reduce
the chances of sporting success [8]. Adopting an integrated approach based on effective communication
with a close relationship between the clinician (case manager) and the coach is a key for success [9].
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Athlete training and athlete monitoring programs work in combination and typically incorporate
training loads, health and well-being, physiological, dietary, and recovery strategies. A healthy
immune system and a robust anatomical structure to avoid illness and injury are the foundations that
support athletic training and competitive performance [8,10]. Most high-performing athletes will
experience one or more significant health issues (or a sequence of them) that slow their progress in
training at some point during a competitive season. The incidence of an injury per 1000 h of training
has been reported as 0.7–1.4 during training and 9–19 during competition, most of which (50%) seems
to derive from running, 43% from cycling, but only 7% with swimming [11]. Problems can take many
forms from an acute injury, a more chronic condition that reaches breakpoint, or a temporary illness
caused by sub-optimal nutritional intake, a long-haul travel-related episode, or the usual common
cold. The long-distance triathlon requires a high intake of nutrients, especially carbohydrates, that can
cause issues in the gastrointestinal tract [12,13]. Educating athletes and support staff for best practice
in management of illness and preventative measures [14] is a major part of effective athlete health
management (Table 1).

Table 1. General guidelines for illness prevention in athletes; adapted from Schwellnus et al. [14].

Behavioral, Lifestyle, and Medical Strategies

Athletes are Advised to:

• Minimize contact with infected people, young children, and animals;
• Avoid crowds and minimize contact with people outside the

team/support staff;
• Keep at a distance to people who are coughing, sneezing, or have a

“runny nose”;
• Wash hands regularly and effectively with soap and water, especially

before meals;
• Carry insect repellent, antimicrobial foam/cream, or alcohol-based

hand washing gel;
• Not share drinking bottles, cups, cutlery, towels, etc., with

other people;
• Choose beverages from sealed bottles, and avoid raw vegetables and

undercooked meat;
• Wear open footwear when using public showers and swimming pools;
• Adopt strategies to facilitate good quality sleep at night and nap

during the day.

Support Staff are Advised to:

• Develop, implement, and monitor illness prevention guidelines for
athletes and support staff; screening for airway inflammation
disturbances (e.g., asthma, allergy);

• Identify high-risk athletes to take precautions during
training/competition;

• Arrange for single-room accommodation during competition;
• Update athletes’ vaccines needed at home and for international travel.

Training and Competition Load Management

Poor load management with ensuing
maladaptation can be a risk factor for acute

illness and overtraining. Changes in training
load should be individualized in small

increments <10%. General
recommendations are:

• Detailed training/competition plan, including post-event
recovery strategies;

• Training load monitoring, using measurements of external and
internal load;

• Adequate nutrition, hydration, sleep, relaxation strategies, and
emotional support.

Psychological Load Management

Psychological load (stressors) such as negative
life event stress and daily hassles can increase
the risk of illness in athletes. Clinical practical

recommendations center on reducing
state-level stressors and educating athletes,

coaches, and support staff in proactive
stress management:

• Develop resilience strategies that help athletes manage negative life
events, thoughts, emotions, and physiological states;

• Education for stress management techniques, confidence building,
and goal setting;

• Reduce training/competition loads after negative life events to
mitigate risk of illness;

• Implement periodical stress assessments.
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Table 1. Cont.

Measuring and Monitoring for Early Signs and Symptoms of Illness Over-Reaching and Overtraining

An athlete’s innate tendency is to continue to
train and compete despite physical complaints

or functional limitations. It is
recommended that:

• Ongoing illness (and injury) surveillance systems should
be implemented;

• Athletes be monitored for subclinical signs of illness, such as
non-specific symptoms;

• Athletes be monitored for early symptoms and signs of over-reaching
or overtraining.

1.2. Multidisciplinary Training—Interfering or Additive?

A challenge for many endurance sports including triathlon is understanding how the cellular
level signaling responds to multiple modes of training. For example, skeletal muscle from endurance-
and strength-trained individuals have diverse adaptive states, and simultaneous training for both
endurance and strength results in a compromised adaptation, compared with training for either
exercise modality alone [15], a phenomenon called the “interference effect” [16,17]. It is unclear how
much interference occurs when simultaneously training for the three disciplines of swimming, cycling,
and running. On the other hand, when multiple training stimuli are aligned in terms of timing,
recovery, and balance between intensity and volume, the additive effects can yield central and certain
peripheral physiological adaptations. This occurs when adaptations from different exercise modes are
transferred a response, referred to as cross-training [18,19]. Despite limited evidence, a triathlete’s
running ability can improve from cycling-induced aerobic central adaptations and vice versa [20].
Maximizing the return from each training session by amplifying the biochemical pathways during
training and recovery is a goal in any sport. This is especially the case in triathlon, where athletes deal
with multiple disciplines that necessitate high to very high training loads. More research is required
to fully understand the conjoined/simultaneous metabolic processes triggered by frequent training
stimuli of varied duration, intensity, and exercising modes.

As sporting performances continue to improve, new strategies to maximize performance emerge,
giving triathletes an edge in training and competition. In search of maximizing the training stimuli
and consequent desired adaptations, the triathlete runs the risk of maladaptation. To avoid initiating
metabolic pathways that might be detrimental to training progress, some basic understanding of
metabolic signaling events is needed. Intra- and inter-individual variability in sports performance
is largely due to metabolic flexibility and adaptation plasticity that underpin individual responses
to training. Metabolic flexibility relies on the configuration of metabolic pathways that manage
nutrient sensing, uptake, transport, storage, and utilization. This metabolic organization is mediated
by synthesis, degradation, or activity regulation of key proteins or enzymes [21]. Metabolic flexibility
underpins adaptation plasticity, accounting for substantial differences in the degree of adaptation
or performance ability between individuals in response to the same training program. Adaptation
plasticity is specific to the mode of exercise, timing, and individual responsiveness to different types
of contractile activity [6]. However, peak induction for both metabolic and myogenic (muscle tissue)
genes responsible for adaptation, generally occurs 4–8 h after an exercise bout. The mRNA (biologic
messenger that translates exercise stimuli into anatomical, biochemical, and physiological adaptations)
returns to pre-exercise levels within 24 h [22]. Triathletes undertake multiple training sessions a day,
yielding a continuous overlay of molecular pathways in each 24 h window. Endurance training
adaptations are dependent on the mode of exercise, the volume, intensity, and frequency of the
contractile stimuli [23]. However, biological evidence to inform real world questions regarding volume,
intensity, and timing of training stimuli for athletes is scarce. More understanding of these intracellular
signaling cascades is needed to inform timing and sequence of training sessions for triathletes.
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2. Training Periodization

The most important goal for coaches and triathletes is to maximize the competitiveness of the
athletes, and design a well-controlled training program to ensure that peak performances are aligned
with major triathlon competitions. Traditional training periodization, with its usual division of the
training season into hierarchical preparatory, competitive, and transition periods, and structural
components called macrocycles, mesocycles, and microcycles [24], provides coaches and athletes with
basic guidelines for structuring and planning their training. In triathlon, top performances are often
associated with periods of intensive training, followed by a taper, which involves a marked reduction
in the training load for a few days before a major competition [25]. A taper intends to minimize
a triathlete’s habitual stressors, allowing physiological systems to undergo supercompensation [26].
An overload training period immediately preceding a taper may elicit larger subsequent performance
gains in highly trained triathletes, but not in the presence of excessive fatigue, which increases the risk
of training maladaptation and infection [27].

Although traditional periodization may be a perfectly valid strategy for long-distance triathletes
targeting two or three major races in a season, a major limitation of this approach is its inability to
elicit multiple peaks for repeated racing over the competitive season [28]. Elite triathletes competing
in Olympic distance events have fewer opportunities to taper because repeated consistent top-level
race performance is a key feature of the sport’s competitive structure. Peaking strategies for multiple
races will depend on the triathlete’s level of fatigue after a race, or series of races, and the time frame
between triathlons [25]. Block periodization, characterized by the sequencing of highly specialized
accumulation, transmutation, and realization mesocycle blocks, could be a suitable alternative to
traditional periodization for attaining multiple fitness and performance peaks throughout a competitive
season [28]. The biological underpinnings of block-periodized endurance training have been reviewed
recently [29].

Whatever the periodization approach, training prescription should be aligned with contemporary
elite practice and evidence-based conceptual models, together with previous experiences, observations,
and data, allowing contextualized decisions and effective management of the training process [30]. In
this respect, multiple periodized approaches can be used at various points of an athlete’s career or even
within the same training season [31]. A flexible periodization strategy may also allow an Olympic
distance triathlete to maintain high fitness throughout the season, which is often necessary to ensure
high world and/or Olympic rankings. In this context, a world-class female triathlete was able to
maintain a relatively high competitive level throughout an entire Olympic season (seventh place in
the Triathlon World Ranking for 2012), and multiple fitness and performance peaks were achieved by
means of planned training tapers in the lead-up to key international events [2].

A recent development in the topic of periodization is the concept of integrated periodization, which
coordinates multiple training components best suited for a given training phase in an athlete’s program.
This concept could well represent a step towards best practice in triathlon training. The available
evidence underpinning integrated periodization was recently reviewed, focusing on exercise training,
recovery, nutrition, psychological skills, and skill acquisition as key factors by which athletic preparation
can be optimized [32].

2.1. Training Intensity Distribution

The majority of competitive endurance events are performed at intensities close to an athlete’s
individual lactate threshold. However, observational studies on the training intensity distribution in
various endurance sports, including swimming [33], cycling [34], running [35,36], and triathlon [2,31,37],
show a strong focus on training at low-to-moderate intensities below the lactate threshold, with most
of the remaining training time targeting high-intensity training at near-maximal and supramaximal
intensities. This format of polarized training intensity distribution [38] is considered best practice
to maximize adaptation at acceptable levels of physiological stress [39,40]. Well-trained endurance
athletes show improvements in key variables related to endurance performance by manipulating
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training towards a polarized intensity distribution [41–44]. For example, a world-class female Olympic
distance triathlete performed 74%, 88%, and 85% of her swim, bike, and run training, respectively,
at intensities below her individual lactate threshold over an entire season [2]. Even higher percentages
(82%, 91%, 88%) were reported in a world-champion long-distance paratriathlete [31]. In addition, faster
Ironman performances are associated with longer training times at low-to-moderate intensities [37].

These somewhat paradoxical polarized training models may be explained by the greater
effectiveness of both light and very intense exercise on aerobic phenotypic adaptations,
linked to activation of intracellular signaling cascades. Upstream modulators of peroxisome
proliferator-activated receptor-c coactivator (PGC) 1α expression influence mitochondrial biogenesis,
oxidative phosphorylation, and other features of oxidative muscle fibers in skeletal muscle [45]. It has
also been speculated that modern humans are physiologically better adapted to training modes similar
to the exercise patterns that their hominid ancestors evolved on, which were mainly characterized by
the prevalence of daily bouts of prolonged, low-intensity, aerobic-based activities, interspersed with
periodic, short-duration, high-intensity bursts of activity [46].

2.2. Strength Training for Triathlon Performance

A well-planned and periodized strength training program should complement triathlon training
throughout a season, allowing proper long-term athlete development, limiting the risk of injury,
and eventually maximizing competition performance. Indeed, most elite triathletes nowadays
combine their long, mostly aerobic swim, bike, and run training sessions with some form of strength
training (i.e., concurrent training). Given the wide range in duration of the various triathlon events
(e.g., ~approximately 20 min for an elite athlete racing in the mixed relay vs. approximately 8 to 9 h for
elite male and female Ironman athletes, respectively), and the selective contribution to performance of
upper- and lower-body muscle groups, both aerobic endurance and muscle strength are important to
enhance competitive triathlon performance.

A recent meta-analysis highlighted the benefits and supported the implementation of strength
training to complement the sport-specific aerobic training in middle- and long-distance events,
irrespective of sport and level of athlete [47]. During the swim leg of a triathlon race, for instance,
upper-body muscular strength and power should translate into increased ability to generate propulsive
force in the water, improved stroke length and/or stroke rate, and increased free swimming speed [48].
Therefore, both dry-land and in-water strength training can be beneficial to performance during
a triathlon swim [49]. Lower-body strength and power training can improve cycling ability and time
trial performance [50,51] by reducing oxygen uptake, HR, blood lactate concentration, and RPE during
prolonged cycling [52], and by eliciting an earlier peak torque during the pedal stroke [51]. Lower-body
explosive strength training [53] and plyometric training [54] can also enhance running economy and
performance. Well-trained triathletes performing a heavy weight training program in combination
with their usual endurance training improved their maximal aerobic velocity, running economy,
and hopping power [55], and delayed the onset of fatigue during prolonged submaximal cycling [56].
The beneficial effects of strength training on cycling and running economy and performance are
confirmed by recent meta-analyses [47,57–59].

Greater effects on performance are yielded as a result of periodized heavy strength programs
designed for maximal force development (e.g., 2–3 sets of 4 to 10 repetition maximum), involving
sport-specific muscle groups and movements, focusing on performing the concentric phase of the lifts
with maximal intended velocity, via two sessions per week for 12–24 weeks [47,60]. The improved
endurance performance may relate to delayed activation of less efficient type II fibers, improved
neuromuscular efficiency, conversion of fast-twitch type IIX fibers into more fatigue-resistant type IIA
fibers, or improved musculo-tendinous stiffness [60], with no detrimental effects on maximal oxygen
uptake and other markers of aerobic endurance [47,55]. In addition, strength training is considered the
most effective exercise intervention to prevent overuse injuries in sport [61].
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2.3. Quantification of Training and Competition Loads

Load is defined as the sport- and non-sport-related burden (single or multiple physiological,
psychological, or mechanical stressors) as stimuli that are applied to a human biological system
(including subcellular elements, a single cell, tissues, one or multiple organ systems, or the
individual) [62]. Load can be applied to an athlete over varying time periods (seconds, minutes,
and hours to days, weeks, months, and years) and magnitudes (i.e., duration, frequency, and
intensity) [62]. Accurate and reliable quantification of the training load undertaken by an athlete
is necessary to analyze and establish causal relationships between the training performed and the
resultant physiological and performance adaptations [63–65]. Whatever the quantification methods
used, they can be defined as quantifying either external or internal training load [3,66]. The external
training load, which is measured independently of the internal workload [66], is an objective measure
of the work that an athlete completes during either training or competition (e.g., hours of training,
distance run, power output produced). However, other external factors, such as life events, daily
hassles, or travel, may be equally meaningful [62].

In contrast the internal workload assesses the biological and psychological stress imposed by the
training session, and is defined by disturbance(s) in homeostasis of the physiological and metabolic
processes during the exercise training session [66]. Specific examples include measures such as HR
(physiological/objective), RPE, or inventories for psychosocial stressors (psychological/subjective) [62]
A recent study on the relationships between various training load measures in professional cycling
showed that load measures based on RPE, HR, and power output are all reliable for quantifying
training load in training and racing, and concluded that any method of training load quantification,
which is consistently applied and discussed between coach and athlete may be equivalent in net
value [67]. Several reports are available that summarize the most relevant workload quantification
methods in long-duration cyclic sports [62,63,68]. Practical examples of their applications have
been provided to adjust the training programs of elite athletes in accordance to their individualized
stress/recovery balance [65]. It is noteworthy that a triathlon-specific load quantification method is
available, which combines objective and subjective load coefficients and discipline-specific (i.e., swim,
bike, run) weighting factors, but this method requires further scientific validation [69].

2.4. Monitoring Fatigue and Adaptation

Elite athletic preparation requires a fine balance between pushing the training and adaptation
boundaries for performance, and avoiding negative outcomes, such as underperformance, injury,
illness, or poor well-being [3,70]. Inappropriate loading may lead to excessive accumulated fatigue and
maladaptive processes and increase injury risk by impairing factors, such as decision-making ability,
coordination, and neuromuscular control. Excessive fatigue can contribute to increased risk of acute
and overuse injuries [62]. The measurement and monitoring of fatigue and recovery in training and
competition is a complex task requiring expertise in physiology, psychology, and sport science [71].

Elite triathletes’ training loads can be extremely demanding, e.g., an average of 16 weekly sessions,
with only 21 days of full rest over a 50-week Olympic season [2]. No single marker of an athlete’s
response to load consistently predicts maladaptation or injury [63], and a combination of external
and internal load markers, subjective and objective measures is generally considered best practice.
For instance, multiple biomarkers reflecting an athlete’s positive adaptation or maladaptation to
periods of intensive training demonstrate inconsistent findings, due in part to large inter-individual
variability [72]. A systematic review of objective and subjective measures of athlete well-being to guide
training and detect any progression toward negative health outcomes, and associated poor sports
performance, indicated that athletes should report their subjective well-being on a regular basis (ideally
daily), alongside other monitoring practices [68]. A multivariate approach, including physiological,
biomechanical, cognitive, and perceptive monitoring, has been recommended to prevent maladaptation
in highly trained triathletes [73]. Similarly, a recent study on the monitoring of professional road cyclists
and elite swimmers during training camps provided further support for a multi-faceted approach to
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monitoring fatigue, recovery, and adaptation [70]. Furthermore, focusing on individual rather than
group responses [72] and/or comparing individual to group day-to-day change in monitored variables
may prove effective in flagging athletes potentially at risk of maladaptation [70].

3. Emerging Trends in Triathlete Preparation

Similar to other sports in the professional era, the competition structures, approaches to training,
and support services in triathlon continue to evolve. While some national programs and professionally
supported triathletes benefit from a well-resourced training and competition support program,
most clubs and individual triathletes must take responsibility for managing their own preparations.
While many evidence-based preparation strategies and practices are well established, new approaches
continue to emerge as nations, programs, and individual coaches and athletes continually seek
a competitive edge. Here, we highlight emerging trends in triathlon (and high-performance sports)
that directly or indirectly influence training and competitive performance (see Table 2).

Table 2. Emerging new concepts in endurance training and triathlon to minimise fatigue, illness,
and injury.

Factor Traditional View Emerging Trends

Psychological

• Acute events focus
• Discipline seen as clinical
• Minimal athlete education
• No mental health priority

• Integrated model
• Psychological skills training
• Mental health

Training
• More is better philosophy
• Rudimentary training monitoring

• Event formats dictating preparation
• Load is not linear
• Sophisticated training monitoring
• Integrated periodization approach

Nutrition

• Macro- and micronutrient intake
are important

• Female Athlete Triad (low energy
availability, menstrual dysfunction,
and low bone mineral density)

• Timing on intake in relation to
training and competition (i.e.,
periodized sports nutrition)

• Relative energy deficiency (REDs)
• New drink formulations and

event-specific ingestion

Clinical/medical

• Healthcare
provider-centered system

• Treatment focus
• Paper records

• Athlete-centered system
• Prevention focus
• Personalized medicine
• Digital focus

Lifestyle factors, including
hygiene, travel, sleep

• Competition focus
• Training load focus
• Treatment/management focus
• Team responsibility

• Prevention or prophylactic focus
• Self-responsibility
• Travel management emphasized
• Sleep management focus
• More nuanced scheduling

Coordination

• Policy
• Position statements
• Guidelines

• Translation into practice
• Implementation

Research

• Limited triathlon studies
• Discipline-specific
• Scientist-driven

• Triathlon-specific
• Multi-disciplinary teams
• Coach athlete involvement more

clearly defined
• Increasing

technological involvement
• More sophisticated data analyses
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3.1. Psychological Factors

The traditional approach has in part focused on performance psychology to assist the athlete in
their sporting pursuits. The psychologist has traditionally been more clinically oriented with only the
occasional foray into the competition and training domains. Athletes often only sought assistance from
a sports psychologist after some issue presented itself that caused problems at a personal or group
level. In more recent times, psychology has broadened substantially to address a wide range of settings
and issues. Mental toughness is often seen as an important factor and it appears that triathletes get
stronger in this regard as they mature and obtain more race experience [74]. Another promising area
is how athletes cope with mental fatigue arising from high level training and competition, and/or in
combination with other lifestyle stresses [75]. Future work in mental fatigue will identify strategies for
improving the ability of athletes to meet both the acute and chronic mental demands of high-volume
training. Until recently, mental health issues were largely dealt with individually (in a private setting)
and rarely in a team or public domain. Psychological skills training is increasingly undertaken
proactively by athletes, while mental health issues are being dealt with in more confidence [76] and,
in some high profile cases, chronicled in the public domain. It should be emphasized that sports and
physical activity can be a positive factor in health-related quality of life in college-age individuals [77],
so it is a matter of balancing the positive and negative factors of high level involvement in triathlon.

3.2. Training

Although the demands of training and competition are well understood, there are still coaches
and athletes wedded to the more-is-better training philosophy. Progressions in training load should
be periodized rather than strictly linear in nature, whatever the race distance. A range of external
training load factors and baseline characteristics have been associated with an increased rate of injury
and/or pain in endurance sports [78]. In contrast, more work is needed on effective markers of internal
training loads. Somewhat contrary to common perception, the relationships between training volume
and injury are more complex than a simple linear relationship between risk factors and occurrence
of common injuries [79]. Work is now progressing on more uniform definitions and terms, better
measures of internal and external training loads, and more sophisticated data analytics to improve the
understanding of relationships between training and injury/illness risk. This information is needed to
update current knowledge and prepare practical guidelines for the triathlon community.

3.3. Nutrition

Traditionally the focus of athlete nutrition has been on absolute and relative macro- and
micro-nutrient intake. Triathlon has focused on carbohydrate intake, given its importance in fueling
endurance training and competition formats, such as the Olympic distance and Ironman events. More
recent work has highlighted the importance of timing of nutrient intake in relation to training and
competition. New strategies are being promoted, such as “sleep low”, which involves a sequential
periodization of carbohydrate (CHO) availability and low glycogen recovery after “train high”
glycogen-depleting interval training, followed by an overnight-fast and light intensity training
(“train low”) the following morning. [80]. In contrast, chronic ketogenic low-CHO high-fat diets
might impair iron metabolism, aspects of immune function [81], performance, and well-being [82].
Further work is in progress to identify how diets can be individualized according to event demands,
athlete background, training demands, and whether changes in body composition are required to
improve performance.

During the 1990s and 2000s, the so-called female athlete triad was the predominant exercise model
accounting for health issues in female athletes. The condition was characterized by athletes presenting
with low energy availability, menstrual dysfunction, and low bone mineral density. In recent years,
the relative energy deficiency (REDs) term has emerged, recognizing that low energy availability
affects both female and male athletes, and a broader range of health and performance parameters,
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not just bone health and menstrual dysfunction [83]. Challenges around accurate clinical or laboratory
measurement of energy availability, the perennial issue of body mass and composition management,
and effective education strategies are currently being addressed. Further developments in this area
will assist the goal of reducing the prevalence and incidence of injury and illness.

Heat stress and fluid replacement strategies are issues often faced during triathlon competition
under hot and/or humid environmental conditions, particularly in the long-distance and Ironman
formats. The benefits of carbohydrate content and fluid volume in sports drinks have been studied
extensively and triathletes should pay particular attention to these matters [84]. However, greater
reductions in body mass and higher post-competition core temperatures have been recorded in faster
triathletes, indicating these competitors can push themselves harder and/or tolerate the effects of
sweat loss and heat more effectively [85]. Investigators are continuing to develop innovative methods,
such as ice slurry ingestion [86], new sports drink formulations, and manipulating drink content and
timing before, during, and after training and competitive events, especially in the important hours
after heavy exertion.

3.4. Clinical/Medical

Medical management is evolving from a healthcare and provider (medical doctor)-centered
system, with a treatment focus and paper records that made consistency and retrieval of individual
medical records difficult, to an athlete-centered system. New systems are evolving with an injury and
illness prevention focus and personalized medicine, using the full suite of digital and technological
solutions and systems. Improvements are also likely to come in the areas of improved biomedical
testing (in immunological, oxidative stress-related fatigue and cardiovascular markers), improved
clinician diagnoses, and field-based studies of race-related injuries and illnesses [87]. Personalized
predictive medicine with a focus on genetics has arrived in clinical medicine, but will require additional
metadata and biological validation to identify a comprehensive set of genes useful in sports [88].
Perception of injury and training risk factors among health professionals center primarily on training
load and demographic characteristics. In one study, three common factors accounted for over 50%
of the variance in injury risk in triathletes: The underlying training, health and medical monitoring,
and preparation of the triathlete for competition [89]. This information points to the critical factors of
training, monitoring, and competition preparations, all of which inform the upskilling of practitioners
and training of the next generation of sports professionals.

3.5. Lifestyle Behaviours

Treatment and management priorities typically arise after an athlete has succumbed to fatigue,
injury, or illness. In the future, however, increased attention will be given to prevention strategies,
with athletes taking more self-responsibility for training, recovery, sleep, nutrition, and other factors.
Sleep management or sleep hygiene is now a major focus of athlete preparation and research is driving
new innovations and interventions to improve this important factor. Strategies for managing travel
stress and jet lag should be implemented by triathletes embarking on long haul flights. Approaches for
heat acclimation training and altitude training also continue to evolve. Hard-earned experience of
athletes and coaches, and the results of research investigations, will generate more nuanced scheduling
of heat and altitude training. Key themes for increasing the benefit of altitude and heat interventions
include more effective preparatory training in the weeks before, implementation of more useful internal
and external load measures, and nutritional strategies that maximize the adaptations needed to enhance
performance at sea-level and altitude, and in temperate and hot environments [90].

3.6. Coordination

International federations, such as the International Triathlon Union (ITU), and national federations
have traditionally managed competition and travel schedules; organized training, programs and tours;
provided medical and scientific support both in domestic and international settings; and conducted
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coach–athlete education programs. This work requires substantial resourcing and policy development.
The increasing professionalism, commercial funding, and sponsoring of programs, teams, and
individuals has markedly changed the management and control of athlete programs and competition
preparations. While this work in the organizational and management areas will continue, there is
increasing need for clearer and more effective translation of expert knowledge (including coaches,
triathletes, and support staff) and implementation of technology, research outcomes, and other
improvements and innovations into national programs, clubs, competitions, and everyday training.
Translation and innovation will require cooperation and communication between governing bodies,
athlete and coaching groups, research entities, and across national borders.

3.7. Research

Despite the popularity of triathlon, the sport has received much less attention from industry
and academic researchers than cycling, running, and swimming. Coaches and scientists in triathlon
have to translate the outcomes from other sports to improve the management and performance
of triathletes [91,92]. In the future, more triathlon-specific research will be conducted to promote
best practice in the sport in junior, senior, and elite competitors. Triathletes and coaches will be
more involved in research, rather than projects being driven largely by scientists and/or academic
researchers. Like other sports, the focus of research is evolving from specific disciplines (for
example, psychology, performance analysis, physiology, nutrition, medical and allied health) driven
by scientists to multi-disciplinary research, fully integrating the coach and athlete. There will be
more focus on technological innovation and sophisticated data analytics of training management and
race performances.
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Abstract: Swimming-induced pulmonary edema (SIPE) may develop during strenuous physical
exertion in water. This case series reports on three cases of suspected late-presenting SIPE during the
Norseman Xtreme Triathlon. A 30-year-old male professional (PRO) triathlete, a 40-year-old female
AGE GROUP triathlete and a 34-year-old male AGE GROUP triathlete presented with shortness of
breath, chest tightness and coughing up pink sputum during the last part of the bike phase. All three
athletes reported an improvement in breathing during the first major uphill of the bike phase and
increasing symptoms during the downhill. The PRO athlete had a thoracic computed tomography,
and the scan showed bilateral ground glass opacity in the peripheral lungs. The male AGE GROUP
athlete had a normal chest x-ray. Both athletes were admitted for further observation and discharged
from hospital the following day, with complete regression of symptoms. The female athlete recovered
quickly following pre-hospital oxygen treatment. Non-cardiogenic pulmonary edema associated with
endurance sports is rare but potentially very dangerous. Knowledge and awareness of possible risk
factors and symptoms are essential, and the results presented in this report emphasize the importance
of being aware of the possible delayed development of symptoms. To determine the presence of
pulmonary edema elicited by strenuous exercise, equipment for measuring oxygen saturation should
be available for the medical staff on site.

Keywords: SIPE; endurance; triathlon; open water; swimming

1. Introduction

Swimming-induced pulmonary edema (SIPE) is a potentially dangerous complication during
strenuous exercise with the possibility of accompanying misdiagnosis. Cough, dyspnea, hemoptysis
and hypoxemia may develop after surface swimming or diving, often in young, healthy individuals.
The condition is relatively rare, but an increasing number of cases of SIPE is being reported in
triathletes [1]. Episodes are more likely to occur in highly fit individuals undertaking strenuous
or competitive swims. A study of American triathletes reported an association between SIPE and
hypertension [1]. Other potential risk factors included diabetes, fish oil use, long course triathlons,
wearing a wetsuit and female sex [1]. SIPE usually resolves spontaneously within 24 hours, or with
beta2 adrenergic agonist or diuretic therapy, but can be fatal if not treated [2,3]. Individuals who
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develop SIPE often have recurrences under the same conditions [4,5]. Increased awareness among
health professionals and organizers, in addition to early detection of symptoms of SIPE, are therefore
warranted to avoid life-threatening episodes during future extreme triathlon competitions.

Previous case reports have described cases with sudden onset of shortness of breath during
swimming, and shortly after the swimming phase of a triathlon resulting in withdrawal from the
race [6–9]. There are also reports of athletes completing entire triathlon events with symptoms of
SIPE during the bike and run legs [10]. In this case series, we report three cases of slowly progressing
pulmonary edema with resultant race withdrawal, one after 122 km and two cases after 180 km,
respectively, during the Norseman Extreme Triathlon in 2016, 2017 and 2018. All three cases were
diagnosed with swimming-induced pulmonary edema (SIPE) and displayed an undulating symptom
behaviour not previously described in the literature. Two athletes were admitted to hospital for further
examination, and one athlete did not need hospitalization.

2. Case Report

A 30-year-old male PRO triathlete, a 40-year-old female AGE GROUP athlete and a 34-year-old
AGE GROUP athlete, all with no history of medical illness, who regularly competed at long distance
triathlons presented with shortness of breath, chest tightness and coughing up pink sputum during
the last part of the bike phase of a full distance triathlon race. Ambient air temperature varied between
6 and 8 ◦C and the water temperature was around 14.2 to 14.4 ◦C during the races in 2016 and 2017
and somewhat higher in 2018 with an air temperature of 10 ◦C and water temperature at 17.5 ◦C. The
PRO male athlete had completed the same competition the previous 3 years without any medical
complications. The female and the male AGE GROUP athletes entered their first Extreme triathlon, but
they had both previously completed several full Ironman competitions without symptoms of SIPE. As
part of another study during the same competition, normal spirometry was performed the day before
the race for both the PRO athlete and the female athlete. Written informed consent for publication was
obtained from all athletes.

During the swim, all athletes wore a well-fitted wetsuit and neoprene swim cap. They later
reported that they felt increasingly breathless and were struggling to keep the usual pace in the water
just minutes after the start. None of them reported that they had aspirated during the swim.

The bike leg during the Norseman Extreme Triathlon starts with approximately 40 km uphill,
from sea level to 1245 m above sea level (Figure 1).

Figure 1. The elevation profile for the Norseman Extreme Triathlon.

All athletes reported an improvement in breathing during the first major uphill (1245 m elevation
over 40 km) of the bike phase and reported increasing symptoms during the downhill. The female
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athlete contacted the medical crew due to shortness of breath and coughing pink sputum after about
122 km. During the clinical examination, she presented mild facial edema, jugular vein distention
and lip cyanosis. Peripheral capillary oxygen saturation (SpO2) was measured to 88%, and she was
coughing up pink sputum. No signs of airway obstruction were found, and she denied any previous
history of allergies. The athlete was taken out of the competition by one of the race doctors. She was
transferred to the nearest local medical center for further treatment but recovered quickly after being
treated with oxygen and hospitalization was not indicated. The male athletes managed to complete
the 180 km long bike phase, but due to coughing and increased shortness of breath, they were both
forced to withdraw from the race just a few meters into the run phase.

The PRO athlete was examined by one of the race doctors immediately after withdrawal. The
medic reported end-expiratory crackles bilaterally and a productive cough with pink sputum. He had
facial edema but no cyanosis. He was transferred to the nearest hospital, approximately 1 h away for
further examination.

On arrival, his blood pressure was 105/62 mmHg, respiratory rate 20 breaths/min, heart rate
84 beats/min and oxygen saturation was 96% on room air. A laboratory examination showed a serum
sodium level of 142 mEq/L, B-natriuretic peptide (BNP) level of 26 pmol/L (normal range < 10 pmol/L),
troponin T 76 ng/L (normal range < 10 ng/L), C-reactive protein 23 mg/L (normal range < 5 mg/L),
hemoglobin 12.1 g/dL and D-dimer 0.7 mg/L (normal range < 0.5 mg/L). An electrocardiogram (ECG)
showed sinus rhythm with incomplete right bundle branch block (RBBB). He had normal findings on
clinical examination.

Arterial blood gas results were; pH 7.48, pCO2 4.84 kPa, pO2 9.39 kPa, bicarbonate 26.2 mmol/L,
base excess 3.4 mmol/L and lactate 2.7 mmol/L.

An echocardiogram was performed at arrival at the emergency department that showed a
well-contracting, normal-sized left ventricle and mildly dilated right ventricle. The end-diastolic
impression of the intraventricular septum led to suspected high pulmonary artery pressure.

At the hospital, he was initially diagnosed with suspected pulmonary embolism and transferred
to a larger regional hospital for a thoracic computed tomography (CT) scan. The findings included
bilateral ground glass opacity in the peripheral lungs but no pulmonary embolism. Due to the
complete regression of symptoms, no treatment other than rehydration and oxygen was given during
hospitalization. He was discharged from hospital the following day.

At a 1-month follow-up-examination, the athlete had fully recovered with complete regression of CT
findings and echocardiogram changes. He was diagnosed with swimming-induced pulmonary edema.

The male AGE GROUP athlete called the emergency number directly and was not examined by a
race doctor. After completing the bike phase (180 km), he experienced increased shortness of breath and
coughing with pink sputum. When examined by the paramedics he presented with heavy coughing.
SpO2 was measured to 90%. He was transferred to the nearest hospital for further examinations,
which was the same hospital as the PRO athlete was transferred to two years earlier. On arrival, his
blood pressure was 123/70 mmHg, respiratory rate 16 breaths/min, heart rate 70 beats/min and oxygen
saturation was 93% on room air. A laboratory examination showed a serum sodium level of 142 mEq/L,
troponin T 101 ng/L (normal range < 10 ng/L), C-reactive protein 8 mg/L (normal range < 5 mg/L),
hemoglobin 13 g/dL and D-dimer 0.4 mg/L (normal range < 0.5 mg/L). An ECG showed sinus rhythm
with pathological R-progression in V1 to V6. Clinical examination reported end-expiratory crackles
bilaterally but otherwise normal findings.

Arterial blood gas results were; pH 7.46, pCO2 5.01 kPa, pO2 8.20 kPa, bicarbonate 25.9 mmol/L,
base excess 2.6 mmol/L and lactate 2.2 mmol/L.

No echocardiogram was performed. He was given diuretics and was discharged from the hospital
with complete regression of symptoms the following day.
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3. Discussion

All three athletes presented in this report experienced a debut of shortness of breath during
the swim phase of an extreme triathlon competition with symptomatic progression throughout the
following bike phase. Upon presentation for medical personnel, all athletes displayed decreased levels
of oxygen saturation, of which two were measured pre-hospital. Pulmonary edema would negatively
impact ventilation and thereby, oxygen saturation. In the presented cases, the use of on-site pulse
oxiometry served to strengthen the suspicion of potential SIPE.

During hospital examination, the PRO athlete had several blood biomarkers outside of the normal
range. In our experience, results of not yet published data suggest this is a common and potentially
normal finding in asymptomatic participants of extreme triathlons. His RBBB was considered a normal
variant as often seen in young, well-trained athletes. Following an echocardiogram ruling out cardiac
failure, and CT scan revealing no signs of emboli but the presence of ground glass opacity, the clinical
picture best fits that of SIPE.

The ECG of the AGE GROUP athlete displayed pathological R-progression in V1 to V6, which
was also considered a normal variant in well-trained endurance athletes. Due to his elevated troponin
levels, ischemic cardiac disease cannot be ruled out entirely as a potential etiology. However, this
athlete had no known risk factors for ischemic heart disease, and this differential diagnosis would not
account for symptomatic improvement during uphill cycling. As such, the overall clinical presentation
is arguably more suggestive of SIPE.

To the best of our knowledge, the female athlete did not undergo diagnostic blood tests
or radiographic examinations. Therefore, the possibility of other differential diagnoses, such as
angio-oedema or asthma attack, cannot be ruled out entirely. Nevertheless, we would argue that
the absence of obstructive symptoms, no prior history of allergies, and quick symptom regression
following oxygen treatment suggests SIPE is the more likely diagnosis.

Despite the early presentation of symptoms, the athletes were able to bike several hours before
getting attention by the medical crew. They further reported symptom relief during uphill and
aggravation of symptoms during downhill biking. To our knowledge, this undulating symptom
behavior has yet to be described in the literature and may provide insight into contributing mechanisms
to SIPE.

Although SIPE is commonly referred to as a rare condition, there are frequent reports of incidences
during triathlon races. We have identified at least 16 reported cases published in the period 2010 to
2019 [6–10]. Symptoms appear to debut with sudden onset of shortness of breath during swimming.
This may be severe enough to prompt immediate withdrawal from the race, or may gradually worsen,
including hemoptysis, throughout the bike and run phase of a race. When examining 31 asymptomatic
Ironmen participants with chest sonography pre- and post-race, Pingitore and colleagues observed
subclinical signs of increased pulmonary water content in 23 athletes (74%) [11]. They also found a
significant correlation between increased water content and cardiac-related variables and NH2-terminal
pro-brain natriuretic peptide (NT-proBNP). A study on autopsies following triathlon deaths found
a greater proportion of left ventricular hypertrophy (LVH) among deceased triathletes compared to
what was expected in the triathlon population [12]. With LVH being a proposed risk factor for SIPE,
the authors hypothesize that SIPE may well be a significant contributor to swimming-related deaths
in triathlon.

Further contributors to the development of SIPE have been described to include whole-body
immersion including face immersion, cold water, use of wet suit and/or swim cap, sudden physical
exertion, and any situation that could raise central blood pressure on the race morning, such as
excessive hydration or anxiety. Previous studies have hypothesized that SIPE-prone individuals
develop hypertension and elevated left ventricular (LV) end-diastolic pressure when exposed to cold,
increased oxygen intake and exercise, although more recent studies show that cold exposure is not
a prerequisite for developing SIPE [3,13]. Furthermore, elevated levels of cardiac troponin T and
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abnormal left ventricular function following Ironman races have been suggested as a possible link to
pulmonary edema [14].

A unique factor related to immersion in both swimming and diving is the well-documented fluid
shift that occurs due to pressure effects on venous blood pooling. Studies have demonstrated a 600
to 700 mL shift of blood from the venous system into the central circulation when immersed to the
neck, which in turn increases lung vascular volume and likely contributes to the development of
pulmonary edema [15]. This fluid shift may lead to right and LV stroke volume mismatch potentially
similar to that seen in other forms of acute heart failure [16]. The Frank-Starling mechanism that
normally will counteract the stroke volume imbalance is likely to have reached its physiological limit
during a triathlon. This results in the accumulation of fluid in the lungs. Systemic venous constriction
and redistribution of blood from the peripheral circulation will maintain the right ventricular filling
pressures, and the ongoing stroke volume difference will result in pulmonary edema.

Triathletes typically aim to minimize hydrodynamic drag and to this end wear tightly fitted
wetsuits. The potential role of wetsuit use in the development of SIPE is not clearly understood.
However, it has been suggested that tight-fitting wetsuits may increase cardiac preload, and thereby,
contribute to the development of SIPE [1]. The authors are aware of several SIPE cases where athletes
have avoided reoccurrence when replacing tight wetsuits with more loosely fitted suits. Although more
research is needed, it may be that the fitting and use of wetsuits is a modifiable risk factor for SIPE.

Once the alveolar–capillary membrane has been disrupted, any elevation in capillary pressure
would be expected to facilitate a fluid shift to the alveoli. During exercise, pulmonary vascular
pressure remains high [17]. If pulmonary edema is already established, cycling and running may,
therefore, maintain or worsen an existing pulmonary edema. Interestingly, all three athletes presented
in this report reported symptom relief during uphill cycling and aggravation during downhills. The
Norseman Xtreme Triathlon cycling course is characterized by hills of long durations, altitudes of
up to 1245 m above sea level and shifting weather conditions. Rain and air temperatures as low
as 6 to 10 ◦C are not uncommon in the more exposed parts of the course. Preliminary results from
yet unpublished temperature recordings of the Norseman Xtreme Triathlon participants suggests
considerable terrain-associated changes in core temperature during the cycling leg. One could
hypothesize that the combination of cold air, high speeds and resulting core temperature drop during
downhills result in peripheral vasoconstriction that facilitates increased pulmonary artery pressure.
whereas the higher heart rates and increased thermogenic heat produced during uphills might lead
to a decrease in peripheral vascular resistance. Along with lower speeds and a more upright riding
position, this may reverse a fluid shift to the pulmonary circulation and lung tissue and potentially
explain the reported symptom improvement during uphill cycling.

Triathletes are often adept at experiencing discomfort and continuing racing despite fatigue and
dyspnea, and a pulmonary edema in development may, therefore, go unrecognized. However, racing
in the absence of SIPE usually involves higher exertion in uphills than downhills. The presence of
symptom improvement going uphill and worsening dyspnea and cough during downhill cycling may
help athletes distinguish SIPE in development from the respiratory stress of physiological exertion.

The presented results underscore that race medics should be familiar with the potential for slow
progression and late presentation of SIPE. Biking and running may sustain and worsen an ongoing
SIPE, and symptoms, such as facial swelling and coughing, may present very late in the race, especially
if the race is hilly. Symptoms might be relieved when going uphill and worsen during downhill
sections of the bike ride, and cold weather may aggravate the condition. A focus on symptoms and
devices to measure SpO2 in the field may facilitate early detection of symptoms of this potentially fatal
complication. Symptoms of SIPE usually resolve after normalization of the physiologic environment
and by supportive treatment, such as oxygen therapy and occasionally β2-agonists [18]. Furthermore,
the athlete should be aware of the increased possibility of recurrent episodes [19].

Summary of take-home messages:

• Athletes and race crews should recognize the common symptoms of SIPE;
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• These include shortness of breath, cough and blood-stained sputum;
• Triathletes with SIPE may present for medical examination very late in the race;
• Symptoms may improve during uphill and worsen during downhill cycling;
• Pulse oximeters may assist race medics in identifying potential cases of SIPE;
• SIPE is usually self-limiting upon cessation of exertion, but hospitalization, oxygen therapy or

beta2/diuretic therapy may be warranted.
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