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Abstract

Contemporary sports nutrition guidelines recommend that each athlete develop a
personalised, periodised and practical approach to eating that allows him or her to train hard,
recover and adapt optimally, stay free of illness and injury and compete at their best at peak
races. Competitive triathletes undertake a heavy training program to prepare for three
different sports, while undertaking races varying in duration from 20 minutes to 10 hours.
The everyday diet should be adequate in energy availability, provide CHO in varying
amounts and timing around workouts according to the benefits of training with low or high
CHO availability, and spread high-quality protein over the day to maximise the adaptive
response to each session. Race nutrition requires a targeted and well-practiced plan that
maintains fuel and hydration goals over the duration of the specific event, according to the
opportunities provided by the race and other challenges, such as a hot environment.
Supplements and sports foods can make a small contribution to a sports nutrition plan, when
medical supplements are used under supervision to prevent/treat nutrient deficiencies (e.g.
iron or Vitamin D) or when sports foods provide a convenient source of nutrients when it is
impractical to eat whole foods. Finally, a few evidence-based performance supplements may
contribute to optimal race performance when used according to best practice protocols to suit

the triathlete’s goals and individual responsiveness.
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Introduction

Over the past 60 years, sports nutrition has evolved from a collection of anecdotes about the
dietary strategies of successful athletes, supplemented by laboratory-based studies typically
involving recreational competitors, into a credible science underpinning the health and
performance of all athletes [1]. The continual updating of consensus statements and position
stands by expert groups on global areas of sports nutrition [2] as well as individual topics
within its umbrella [3-5], illustrates the pace with which new information is evolving. The
specific nutrition needs and practices of importance to athletes, even within a single sport, are
diverse. However, all athletes share some common goals; to train as hard as possible with
optimal adaptation and recovery, to retain healthy and injury-free, to achieve a physique that
is suited to their event, and to perform at their best on the day(s) of peak competitions.

This chapter will present a summary of eight key themes in contemporary sports nutrition

with an examination of their relevance and implementation within triathlon.

Theme 1. Nutrition goals and requirements are neither static nor universal

Early position statements and reviews on sports nutrition provided quantitative
recommendations for nutrient targets for all athletes [6], focusing on single issues (e.g. daily
replacement of glycogen) and apparently addressing all training phases and sub-populations
of athletes with the same advice. These recommendations have gradually evolved to
recognise that macronutrient targets should not be set in absolute amounts or as ratios of
energy intake; instead, guidelines should encompass the differences in body sizes, training
loads and energy goals across athlete populations [7, 8]. More recently, however, there has
been specific attention to the need for each athlete to develop a personalised, periodised and
practical eating plan that supports their unique and changing needs. Although more detail
around these principles will be provided below, it is important to highlight a key insight that

underpins these features.



Contemporary sports nutrition guidelines embrace the philosophy of periodization that
governs the athlete’s annual training plans [9]. Although various models of training
periodization exist, the fundamental theory is that exercise sessions should be strategically
manipulated (mode, frequency, intensity and duration) within a sequence of cycles to
gradually achieve the attributes (e.g. physical, biomechanical, physiological, neuromuscular,
psychological) needed for success at chosen competitions. Periodized nutrition involves the
organization of nutrient intakes and dietary strategies around each session, microcycle (e.g.
week), mesocycle (e.g. month) and macrocycle (e.g. yearly plan) of training to help address
the individual athlete’s gaps to achieving these event-specific attributes. The diversity and
complexity of the different attributes for success, even within a single sport, means that many

aspects of nutrition may change or differ between athletes.

Application to triathlon

Although triathlon is considered an endurance sport, it encompasses a range of events from
20 min to 8 h+ in duration, with different requirements for success [10]. Specific preparation
for each race format will require different training programs, protocols and goals, leading to
overall differences between event specialists or changes across the season in the same
triathlete as they prepare for different races. Even within a triathlete’s training program, daily
or weekly fluctuations in training load and goals should be matched by changes in energy and
nutrient intake. Furthermore, specialized nutrition strategies that optimize performance or
adaptation, or mimic race day practices should be integrated around key training sessions or
training phases. Table 1 provides some examples of nutrients and nutritional strategies that
may be periodized within different programs commonly undertaken by triathletes. The
deliberate implementation of this targeted and individualised approach to sports nutrition is a
highly specialized task that should involve the input of the triathlete, coach, sports scientists

and sports nutrition expert, with continual fine-tuning according to feedback and experience.



Menu plans and nutrition strategies should also take into account an individual’s food
preferences, cultural eating practices and special dietary needs including food restrictions and
intolerances, as well as food availability in the athlete’s environment which is ever changing

with the global nature of triathlon racing.

Theme 2. Energy availability sets an important foundation for health and performance
success

Energy intake is the foundation of an athlete’s diet since it supports optimal body function,
determines the capacity for intake of macronutrient and micronutrients, and assists in
manipulating body composition. Conventionally, nutritionists have focused on energy
balance and how each side of the energy equation (dietary energy intake vs total daily energy
expenditure) can be manipulated to store or utilize body fat and protein and thus achieve
desirable changes in physique (e.g. gain in muscle mass, loss of body mass [BM]/body fat).
However, energy availability (EA) is a newer concept in sports nutrition which examines the
energy that is left to address the body’s many non-exercise needs once the energy cost of
training and competition is removed [11]. EA is defined operationally as dietary intake
minus exercise energy expenditure, normalized to the body’s fat free mass [FFM) which
represents the most metabolically active tissues:

EA = [Energy intake = Exercise Energy Expenditure)/FFM [11].

It is self-evident that the energy that is committed to an athlete’s exercise program is not
available for other functions. Importantly, if a mismatch between energy intake and exercise
load leads to a reduction in EA, the body adapts to conserve energy by reducing expenditure
on non-exercise functions. There is sophisticated laboratory evidence that when EA is
decreased from a “healthy” level (~ 45 kcal/kg FFM or 189 kJ/kg FFM) below a threshold
(typically set at ~ 30 kcal/125kJ/kg FFM), many hormonal and metabolic processes are

impaired by such energy conservation [12]. Low Energy Availability (LEA) underpins the



problems of impaired bone health and menstrual function identified in the Female Athlete
Triad syndrome [13], but new insights over the last decade have identified its occurrence in
male athletes and its impact on a range of other body systems and performance factors [14].
Indeed, the concept of Relative Energy Deficiency in Sport (RED-S) was developed to
address this expanded concern, including the sequelae of functional hypothalamic
amenorrhea (females), reduced testosterone levels and libido (males), poor bone health,
increased risk of illness and injuries, gastrointestinal disturbances and cardiovascular disease,
and impairments of haematological status, training capacity and performance [5, 14]. The
main causes of LEA are disordered eating, misguided weight loss programs and inadvertent
failure to recognize or address a high energy expenditure associated with training/competition
[11]. Although general risk factors for these issues can be identified in various sports (e.g.
weight sensitive and weight category sports) or sporting scenarios (e.g. sudden increase in
training load, change in food environment), it appears that other sport- and culture-specific
characteristics contribute both to the development of LEA and the manifestation of its effects
on health and performance [14]. Programs that promote prevention and screening/early
intervention are important to prevent long-term secondary health consequences. The primary
treatment is to increase energy availability and often requires a team approach including a

sports physician, sports dietitian, physiologist, and psychologist.

Application to triathlon

Triathlon involves a number of risk factors for the development of LEA as well as the
progression of impaired body function into tangible problems around health and performance.
Given the long gestation from junior ranks to elite race winner (typically late 20’s), a
significant loss of time to injury and illness will delay, and in many instances prevent, a
junior triathlete from developing into an elite level performer. The heavy training loads

required to master three different sports, and the preparation for the longer events within



triathlon, often tally 20-30 hours per week. Both the energy expenditure associated with such
a program and the significant number of hours committed to training and recovery activities
create a challenge in meeting energy needs within the available opportunities. Athletes should
be vigilant to capture opportunities before, during and after training to replenish energy
needs, and to manipulate food and fluid selections to reflect training schedules. The desire to
be as light and lean, often misguided in relation to both the goals and time frame of
achieving/maintaining them, adds a separate contribution to the development of LEA and

RED-S, which is discussed below.

Theme 3. The achievement of the body composition associated with optimal
performance is challenging and requires a long-term plan

Various attributes of physique (body size, shape and composition) are considered to
contribute to success in various sports. The assessment and manipulation of some features
(e.g. BM, body fat, lean mass) may assist in the progression of an athletic career. High
performance endurance athletes are typically light and lean as a result of the genetic factors
that have predisposed them to being successful in their sport as well as the modifying effects
of training and diet. However, the specific muscular strength and power required in many
sports may require targeted gains in lean mass. Body mass and composition can be assessed
via a number of techniques, with surface anthropometry [e.g. measurements of girths,
breadths and subcutaneous (skinfold) fat) being a popular field technique and Dual X-Ray
Absorptiometry (DXA) being a technological tool of increasing popularity [15, 16]. Both
techniques can provide valuable information when they are used, according to standardized
techniques by trained personnel, to track changes over time in the same athletes. The
interpretation of these assessments should always account for the precision of the technique,
while goals around manipulating body fat/lean mass should consider what is optimal for an

individual athlete’s long-term health and performance goals rather than rigid prescriptions of



an “ideal” formula for a specific event. Effective strategies for loss of body mass/fat should
achieve an energy deficit that avoids unnecessary restriction of EA and takes advantage of the
meal satiety and lean mass preservation associated with a higher protein intake [17]. Gains in
lean mass are achieved by an appropriate training program, supported by the spread and total
intake of energy and protein [18]. Unfortunately, many athletes set unreasonable goals and

methods to achieve more rapid results, leading to compromises of health and performance.

A more successful approach to management of body composition is to achieve periodization
over the yearly training plan, using the experience gained over an athletic career to permit
gradual refinement of ranges that are best suited to the individual athlete. Indeed, this
periodized approach was well illustrated in a recently published 9-year case history of a
female Olympic middle-distance runner [19]. During the general preparation phase of each
season, optimal energy availability was prioritized, with the athlete being ~2-4% over her
ideal “race weight” and body fat levels. Optimization of body composition prior to each
racing season included the implementation of an individualized energy deficit over a specific
timeframe, using various metrics (BM, performance, and hunger) to guide the process. This
approach targeted peak performance at identified times, while minimizing injury risk and
maximizing training adaptation and long-term athlete health through management of energy

availability.

Application to triathlon

Junior development and age-group triathletes are often misguided in their desire to achieve
rapid shifts in ‘leanness’ and enthusiastically employ strategies that target reductions in fat
mass without considering the larger implications around diet quality and overall health.
Reducing energy intake to drive a reduction in fat mass, will likely reduce EA with the risk of
contributing to health and performance concerns associated with RED-S [4]. Restricted

energy intakes or extreme diets may also lead to a sub-optimal intake of nutrients needed for



health and adaptation. The disadvantages of unsound weight/fat loss strategies may manifest
in terms of increased prevalence of illness an injury, and as an inability to train consistently
or to gain the expected adaptations and performance improvements. The concept of
improving performance through the optimisation of the “power to weight” ratio is well
known in triathlon, but many triathletes fail to realise that a gain in lean mass can also assist
with this goal and is a hallmark of developing into an elite performer. In essence, triathletes
should adopt eating strategies that support daily training outcomes as well as promote
increases in protein synthesis to achieve favourable body composition changes that align with

world class performances.

Theme 4. Guidelines for nutrition need to consider training load, body size and timing
of intake

Although recommended dietary intakes for the general population are typically provided as
simplistic (absolute) nutrient targets or ranges, the specific needs of athletes merit greater
consideration, particularly to account for the variability imposed by their exercise demands
and the potential importance of the timing of nutrient intake in relation to an exercise session.
The complexity of contemporary guidelines for the carbohydrate (CHO) and protein intakes
of endurance athletes is well illustrated by their application to the needs of triathlon

CHO is an important dietary nutrient since body stores are relatively limited and can be
acutely manipulated by daily intake and even a single training session within a triathlete’s
program [20]. CHO is a key fuel for the brain and central nervous system and provides a
versatile muscle substrate because it can support exercise over the large range of intensities
seen in a triathlon due to its utilization by both anaerobic and oxidative pathways [20]. There
is robust evidence that the performance of prolonged sustained or intermittent high-intensity
exercise is enhanced by strategies that maintain high CHO availability, defined as matching

endogenous (e.g. muscle glycogen) and exogenous (e.g. CHO consumed during exercise)



sources to the fuel demands of exercise [21, 22]. Meanwhile, depletion of these stores is
associated with fatigue in the form of reduced work rates, impaired skill and concentration,
and increased perception of effort [20-22]. These findings underpin various race nutrition
strategies, discussed subsequently, that supply carbohydrate before, during, and in the
recovery between events to enhance carbohydrate availability, but should also be extended to

training scenarios where high quality outputs or race simulation is desired.

Guidelines for daily CHO intake now target the variable fuel costs of training [8] as well as
the importance of high CHO availability for performance and support for other body systems,
such as immune [23] and, potentially, bone [24] health. Although the actual substrate cost of
typical training sessions undertaken by endurance athletes is (surprisingly) poorly
characterized [25], some general ranges of CHO intake are suggested according to parameters
that account for the workload [e.g. intensity, duration of the session) and the triathlete’s body
mass (as a proxy for the size of the working muscle). Table 1 includes a summary of
guidelines for various scenarios in which there may be benefits to achieving high CHO
availability, providing daily targets which can be fine-tuned according to individual
experience and noting that the timing of intake of CHO in relation to the exercise session
plays a role in manipulating CHO availability [8, 21]. Integration of these guidelines into a
race plan is summarised in Table 2 and discussed in more detail within a subsequent theme.

It is important also to note that many training scenarios do not require promotion of CHO
availability or intake, allowing the triathlete to manipulate their food choices to meet other
goals. Furthermore, as discussed subsequently, benefits from deliberate strategies to
undertake training sessions with low CHO availability may also be possible. Thus, CHO

intakes may vary significantly between athletes, and from day to day in the same athlete [21].

Despite earlier debate, contemporary perspectives on protein intake for athletes have moved

beyond the population guidelines, typically set at 0.8-1.0 g/lkg BM in most countries, both in



terms of the total daily target as well as the advice around how it should be consumed over
the day. Allowances which target the absence of protein insufficiency in largely sedentary
populations do not address the needs of high performance triathletes who need to optimize
the adaptive response to training and to achieve the physique attributes of lean mass to body-
fat ratio needed for successful performance in their events [26]. Dietary protein interacts
with exercise, providing both a trigger and a substrate for the synthesis of contractile and
metabolic proteins in the muscle [27, 28], as well as enhancing changes in non-muscle tissues
such as tendons and bones. Planned intake of dietary protein can enhance the sustained [~24
hour) increase in contraction-stimulated synthesis of muscle protein that occurs after strength
or endurance exercise, by supplying leucine to further upregulate the mammalian target of
rapamycin complex 1 (mTORCI1) pathway [27, 28] as well as the amino acid building blocks
for the synthesis of new proteins. High quality leucine-rich protein sources, when consumed
in amounts equivalent to ~0.3-0.4 g/kg of rapidly digested protein at 4-5 eating occasions per
day, can optimize the training response when athletes are in optimal energy availability [18].
Meanwhile, a goal of 0.4-0.5 g/kg might be required in scenarios of energy deficit/weight
loss in which rates of muscle protein synthesis are suppressed [ 18] or in the case of mixed
meals with slower protein digestion/absorption kinetics [18, 29]. Overall daily targets of 1.3-
1.7 g/kg/d are likely to meet the physique and adaptation goals of weight-stable triathletes.
Meanwhile, triathletes who wish to achieve effective weight loss, which promotes the
retention or even an increase in lean mass, are advised to engage in resistance exercise and to
consume dietary protein in quantities of 1.6-2.4 g/kg [18]. Table 1 includes a summary of the
current recommendations for protein intakes for high performance athletes according to their

major goals.

Application to triathlon



A high daily training commitment requires the triathlete to incorporate strategies that promote
optimal performance in the current session while simultaneously facilitating recovery from
the previous one. While heavy training loads accentuate this challenge for the elite
competitor, recreational triathletes have the added complexity of managing their specific
nutritional needs around other commitments such as work, family and study. Age-group
triathletes typically ‘sandwich’ their training into concentrated weekend blocks often
incorporating two or three disciplines into the one session (i.e. swim + cycle or cycle + run).
This situation highlights the importance of athletes being well-planned to have suitable foods

and fluids on hand, which cater to the practical considerations as well as their desire to eat.

The requirements for carbohydrate and protein on heavy training load days contrast with
those of a sedentary work or rest days, necessitating vastly different eating patterns and
food/fluid choices. For training sessions that reflect the demands of racing, additional
carbohydrate intake can be achieved via pre-training snacks based on familiar and well
tolerated carbohydrate-rich foods and fluids; in addition to increasing overall intake, this
strategy specifically promotes high carbohydrate availability and performance benefits for
these key sessions. As will be discussed in Theme 6, there are different benefits to
undertaking lower intensity (aerobic) sessions with strategies that achieve low carbohydrate
availability, such as training fasted or withholding carbohydrate early in a session. However,
this strategy also decreases total daily nutrient/energy intake unless the triathlete can schedule
additional snacks and/or increases in meal size to offset the energy reduction. Such dietary
approaches should be incorporated with the assistance of expert dietary input from a skilled

sports nutrition professional.

During extended training sessions (i.e. long training runs or cycling sessions or combination
‘brick’ sessions), there may be benefits to consuming food/fluid choices that provide protein

to assist in the maintenance of positive protein balance and promotion of bone remodeling



[30, 31] as well as carbohydrate for fuelling. When sessions are performed below race
intensity, athletes typically have improved tolerance for wholesome, nutrient-rich foods.
While these food options might not be suitable for racing, inclusion in training will support

favourable adaptations to training while better supporting health and well-being.

Theme 5. Competition nutrition strategies target the limiting factors in optimal
performance

Competition requires the athlete to perform at his or her best, or at least at a better level
relative to other competitors. This goal rightly focusses attention to the factors that can cause
fatigue at various timepoints throughout, and especially in the latter stages of a race, where
fatigue is defined operationally as a loss of the work outputs (e.g. speed, power) and
skill/technical prowess that otherwise underpin success. The causes of fatigue are specific to
the race, the environment/scenario in which it is undertaken, and the individual athlete and
include depletion of muscle glycogen fuel, dehydration and electrolyte imbalances,
hypoglycemia and sub-optimal central nervous system fueling, gut discomfort/upset and
disturbances to acid-base balance. Dietary practices in preparation for, and during a race can

reduce or delay the onset of these fatigue factors.

Application to triathlon

With total race distances ranging from 20 min to 8+h for top competitors, individual
segments of each race ranging from 4 min to 4 hours, and environments scaling from cold
water to extreme heat on bike and run courses, race nutrition in triathlon must tackle a variety
of issues. Race preparation should include strategies to store muscle glycogen in the amounts
that suit the fuel needs of the event. For shorter races (Olympic Distance and below), where
the fuel cost is spread across different muscle groups, it is probably sufficient to normalize
the superior glycogen concentrations associated with endurance training; this is typically

achieved with CHO intakes of 7-10 g/kg body mass for 24 h [8]. For Long Distance/Half



ironman and above, where glycogen may become limiting for race performance, protocols
which supercompensate glycogen are beneficial. The contemporary CHO loading protocol is
an abbreviated version of the original, involving 36-48 h of CHO intakes targeting 10-12
g/kg/d [8, 32]. This is often undertaken in conjunction with a low residue (fiber) diet, which
may reduce the risk of gut issues during the race, but also achieve a small reduction in BM to
partially offset the mass of the additional muscle glycogen and stored water [32]. Further
enhancement of fuel availability is provided by a CHO-rich pre-race meal and CHO-rich
snack during/after the race warm-up, noting that is impractical to consume further supplies
during the swim leg of a race. Pre-race CHO intake is important for morning events where it
can restore liver glycogen following an overnight fast as well as provide an ongoing supply
of CHO from the gut during the first part of the race [32]. Event characteristics and
individual preferences will dictate the amount, type and timing of pre-race intake; this should
be well-practised to develop a personalized protocol. Athletes should also consider fluid
needs to achieve optimal hydration status for the race and its specific environmental

conditions.

Many triathlons offer an opportunity for athletes to consume fluid and CHO during the race
to further address physiological limitations around these factors (Table 2). CHO ingestion
during longer distance events (e.g. Long Distance and above) can maintain high rates of CHO
oxidation in the face of dwindling endogenous stores [33], with a systematic review of
studies of endurance protocols showing substantial benefits to performance [34]. Whereas
older guidelines [6] recommended that distance athlete experiment with hourly CHO intakes
within the range of 30-60 g to find a beneficial strategy, contemporary recommendations now
suggest a sliding scale of intakes with smaller amounts for shorter duration events and higher
rates of intake for longer distance and above [8]. These new guidelines are based on the

mechanism of likely benefits to performance as well as the recognition that athletes can learn



to tolerate and utilize substantially higher amounts than previously considered possible.
Although the intestinal absorption of CHO consumed during exercise, plateauing at ~60 g/h,
was thought to limit the contribution of exogenous CHO to muscle fuel use during exercise
[35], current advice is that intakes of 90 g/h and even higher can be of benefit to very long
races (e.g. [ronman). A combination of the use of mixtures of CHO using different absorption
routes (e.g. fructose and glucose) and enhancement of gut tolerance and absorption [35,36],
possibly involving the upregulation of the sodium dependent glucose transporter (SGLT1),

with chronic “gut training” [35] can increase the muscle CHO supply for better performance.

However, even in shorter events in which muscle glycogen stores are not challenged,
performance benefits may be associated with intake of smaller amounts of CHO. This is now
known to be a central nervous system activation associated simply with mouth exposure to
CHO (the so-called “mouth rinsing” effect). Indeed, there is robust evidence that the
detection of CHO by receptors in the oral cavity activates centers in the brain which enhance
perceptions of effort and pacing decisions [37]. Table 2 summarises the suggested
approaches to CHO supply in various events, noting both the targets and the opportunities to
achieve these during transitions, and the cycle and run legs. A range of sports drinks, gels,
confectionery and whole foods can be used to meet various targets, both in training and
racing, around taste, practicality, fluid vs CHO requirements, use of transportable CHO
sources, electrolyte replacement, and supplementation with caffeine. Access to these supplies
and the practicalities of consuming them vary according to the mode of exercise (e.g. the
cycle leg is more accommodating than the run), the event organization (e.g. placement of

feedzones) and race tactics.

Meanwhile, there is interest in nutritional strategies including chronic or periodized exposure
to high fat, low CHO (LCHF) diets that may allow triathletes in ultra-endurance (Ironman

and above) events to increase their ability to oxidize fat as a muscle fuel in view of its



relatively unlimited pool size and capacity to support exercise at intensities up to ~ 75-80%
VO2peak. [38]. However, although targeted adaptation to a high fat diet with CHO restriction
is associated with very high rates of fat utilization across a range of exercise intensities, this
comes at a cost of a greater oxygen demand during exercise (lower speed for a given oxygen
supply or greater oxygen requirement for the same speed) [39] as well as a down-regulation
of the capacity of CHO oxidation pathways [40]. Such adaptations have been shown to
impair performance of shorter endurance races [39], or selected segments within a longer race
conducted at higher exercise intensities (>80-85% VO2peak) [41], probably limiting the
utility of LCHF diets to selected individuals, events or scenarios [42]. Modelling of the total
demands and rates of use of fat and CHO substrates in the [ronman event has created
dissention about whether enhanced fat use would be sufficient to meet the needs of elite
competitors [43-45]. Meanwhile, case histories have shown that periodization of CHO
availability within a chronic LCHF diet might offer some performance advantages to some
athletes and event characteristics [46], while chronic LCHF was unsuitable for performance
of another elite [ronman competitor [47]. Further investigation is needed; however it is
acknowledged that this is a polarising topic and any promotion of high fat diets needs to be
balanced against evidence that higher rates of CHO intake during ironman racing is

associated with faster performances [48].

Fluid intake to address sweat losses is important during longer events, especially those
conducted in hot environments. Typically, a fluid deficit equivalent to >2-3% BM loss is
considered to increase the perceived effort, raise core temperature, and cause reductions in
performance, especially in the heat [49]. However, fluid intake should involve an
individualized and well-practiced plan which balances the time cost of drinking, the risk of
gut upsets and the potential advantages of being lighter, with the benefits of better hydration.

Although sports drinks are commonly used to address fuel and fluid targets simultaneously,



triathletes should consider their needs for carbohydrate and water replacement separately in
different environmental conditions. For example, an increase in total fluid intake during
Olympic distance triathlon races in hot weather will lead to a greater carbohydrate intake
from such drinks [50]. While this outcome can address the slight increase in carbohydrate
oxidation rates in hot conditions, higher carbohydrate intakes can also increase the risk of
gastrointestinal upset [48]. A personalized drinking plan can be adjusted to all levels of
triathlete, including recreational competitors who may drink in volumes exceeding their

sweat rates and who should be warned about the dangers of developing hyponatremia [51].

Major triathlons are often held consistently (e.g. the Kona Ironman World Championships) or
uniquely (e.g. Tokyo 2020 Olympic Games) in hot and/or humid environments. The
performance and health challenges associated with hot weather racing should be addressed by
strategies such as acclimatisation, appropriate pacing, and pre-cooling activities [52].
Nutrition practices include the adjustment of the race fluid plan including pre-race
hyperhydration via consumption of large amounts of fluid together with an osmotic agent
(e.g. glycerol or sodium) to offset some of the in-race fluid deficit [53, 54]. The integration of
ice slurries within pre-cooling strategies to reduce pre-race core temperature via the “heat
sink” created by the phase change from ice to water may also be beneficial [55]. All such

practices should be well-trialled before implementing in a race.

Theme 6. Nutrition for adaptation and recovery is a targeted tool

A strenuous (prolonged and/or high intensity) session of exercise causes stress to the body
including the depletion of body fuel stores, loss of fluids and electrolytes, inflammatory and
redox responses, damage or increased breakdown of proteins, and disruption to homeostasis.
Recovery between exercise sessions may have two separate but overlapping goals: restoration
of body losses/changes caused by the first session to restore performance levels for the next

and promotion of adaptive responses to the exercise stress to gradually enhance desirable



body features/functions (see Fig 1). Over the past decade, post-exercise nutrition has been
integrated into a highly promoted “recovery industry” that often targets athletes with one-
size-fits-all strategies for universal application. While there is no doubt that such strategies
are of benefit in many situations, particularly for scenarios involving multiple sessions of
training each day, athletes should apply critical thinking to identify the importance of pro-
active recovery nutrition and the various issues involved (see Fig 1). The timing, amount and
type of nutrient support provided after exercise should be determined by the specific
conditions caused by the first session, the duration of the recovery period and the goals of the
next session. Such attributes and goals of training are highly specific to the sport and

individual athlete.

Application to triathlon

Although the scheduling of several training sessions in a day is a core feature of most high
performance sports, triathlon poses a unique challenge in requiring the mastery of three
disciplines and the need to practice the sequencing of these sports as they occur in a race.
Needs around recovery and adaptation are of high importance to maximize the outcomes of

the training load.

When restoration of function and performance is a priority, particularly around racing or key
training sessions, it can often be useful to quickly supply nutrients without which some
elements of recovery cannot happen effectively. For example, when it important to refuel
between sessions, early intake of CHO (up to a threshold of 1 g/kg/h) can maximize glycogen
storage, including potentially taking advantage of a small period of enhanced synthesis in the
hours after exercise [56]. Restoration of hydration status requires the replacement of the
fluids and electrolytes lost in sweat; this often needs deliberate intake of sodium as well as a
volume of fluid equivalent to ~125% of the net fluid deficit to account for ongoing sweat and

urine losses during the recovery period [57]. The specific case for post-exercise protein



synthesis has been made previously (Theme 4) and the protein content of recovery
meals/snacks can also be justified as a general contribution to the optimal distribution of
protein intake over the day as well as an enhancer of glycogen synthesis when the CHO
content of recovery eating is sub-optimal [58]. It is important to realise that not all post-
exercise situations call for such aggressive CHO and fluid intake strategies; indeed, in some
situations this may lead to unnecessary intake of kilojoules, reliance on nutrient-poor choices

or interrupted sleep due to overnight urination needs (see Table 1).

More importantly, there is growing recognition that the lack of nutrient support during and
after exercise may accentuate the training stimulus and/or increase the adaptive response.
Although there is interest in the concept that acclimatisation to exercise in hot weather may
be enhanced by deliberately undertaking workouts with a moderate degree of dehydration
[59], the principle of enhanced adaptation via altered nutrient availability is best
demonstrated via the manipulation of muscle glycogen stores. Exercise undertaken with
reduced CHO availability, particularly endogenous CHO stores, selectively modulates gene
expression and intracellular signalling within the muscle. Mechanisms of these effects
include alterations in cell osmolality and increased activity of molecules within the regulatory
CHO-binding domain of the AMP-activated protein kinase, as well as perturbations to
circulating FFAs and hormones in concert with plasma glucose and insulin concentrations
[60]. A range of different strategies to augment the training response with low CHO
availability (“train low”) are available; these include commencing training with low
exogenous CHO availability (e.g. overnight fasted and/or withholding CHO during a
session), or the more potent strategy of deliberately commencing selected training sessions
with lowered muscle glycogen stores (e.g. using a first session to deplete glycogen, then

training for a second time after withholding CHO to prevent glycogen restoration [21, 58]).



Although there is clear evidence of enhanced cellular responses to train-low strategies, the
translation to performance enhancement has been less certain. Early investigations failed to
detect superior performance outcomes due to the impairment of training intensity when “train
low” sessions were over-emphasised in the training program [61]. Such sessions need to be
appropriately integrated into a periodized program to complement high-quality training. A
recent sequencing of practices has been investigated: this involves a performance-promoting
session (“train high” with high intensity), followed by restriction of CHO during recovery to
prolong the post-exercise increase in cellular signalling and post-transcriptional regulation
associated with depleted glycogen stores [1, 21]. The next session of exercise is then
undertaken as a moderate intensity “train low” session to complete the sequence [1]. In sub-
elite populations of triathletes and cyclists, this better integration of train-low and train-high
sessions into the training sequence has been associated with superior performance compared
with the same training undertaken with normal CHO availability [62]. So far, however, this
does not seem to be the case in studies involving elite endurance athletes [39, 63], although it

is often incorporated into real world training sessions [64].

A single bout of exercise causes immune, inflammatory and anti-oxidant responses, with
chronic exercise (i.e. training) promoting adaptations in the systems involved. Unlike the
situation with the previously discussed issues in post-exercise recovery, specific nutritional
strategies to promote or preserve optimal anti-oxidant and immune function in athletes are
not well described. It is beyond the scope of this chapter to fully interrogate our current
understanding of the role of food-derived antioxidants or anti-inflammatory nutrients in
recovery and performance. However, there is evidence that supplementation with large
quantities of anti-oxidant supplements (e.g. Vitamin C and E) might interfere with adaptation
via a dampening of the redox-related signalling processes associated with exercise [65],

despite offering some advantages to the immediate recovery of oxidative status. There is also



interest in foods containing high amounts of phenolic compounds with anti-inflammatory
properties (e.g. various types of cherries and berries), particularly to reduce the post-exercise
soreness and impaired muscle function often seen after strenuous sessions [66, 67]. Although
further investigation is needed to fully understand any benefits from these recovery nutrition
strategies, it is generally suggested that food forms of phytochemicals might provide a more
balanced approach to nutritional support and that approaches might be needed to address

goals around immediate restoration of function versus longer-term adaptation.

Theme 7. High performance athletes walk a tight-rope between adequate training
stimulus and the risk of illness/injury

Injuries and illness are a challenge to success in high performance sport and, ironically,
athletes are potentially at higher risk of developing these as their caliber and training levels
increase. Performance is likely to be directly affected if the athlete is sick and/or injured at
the time of competition, but these issues can indirectly affect race outcomes by reducing the
consistency of training. Injuries may occur to skeletal muscle, to bone, especially stress
fractures, and to tendons and ligaments, especially in relation to high or constantly varying
training loads, repetitive low impact modes of exercise (e.g. running) and to weaknesses in
the tissues resulting from inadequate nutrient status or support. Given the high-prevalence
and costs involved, it is not surprising that there has been a great deal of interest in factors
that may reduce the injury risk, or decrease the recovery time should an injury occur. Bone
stress fractures are frequently associated with LEA which should be corrected in both the
prevention and treatment of such problems. Attention to Vitamin D status, and intake of
protein and calcium should also be considered. Nutrition goals during injury rehabilitation
include adjustment to new energy requirements and distribution of daily protein intake to
minimize loss of lean mass and increase muscle repair [68]. The prevention and treatment of

injuries to tendons and ligaments is an area of recent active research with initial data on the



role of nutritional support from collagenous proteins and micronutrients (e.g. vitamin C,

copper) showing some potential [69].

Physically demanding bouts of exercise reduce the metabolic capacity of immune cells, with
this transient immunodepression lowering the resistance to pathogens and increasing the risk
of subclinical and clinical infection and illness. This may be juxtaposed with an environment
of high risk of exposure to pathogens, including travel to a location with different hygiene
standards or just close encounters with other people as happens in training squads, long-haul
flights, and group dining or living scenarios. Optimizing training load management (e.g.
excessively large training volumes and/or sudden changes in training) and adequate sleep
play a major role in reducing the incidence of illnesses, as do good hygiene practices around
exposure to surfaces, food/water and people who may harbour pathogens. However, good
nutrition status may also help to combat exercise-induced immunodepression, with important
considerations including energy availability, and adequate intakes of protein, CHO, fatty
acids, and micronutrients (iron, zinc, magnesium, and Vitamins A and D). It is of interest
that training with low CHO availability is associated with greater acute perturbations of
cytokines that are important for immune status [23], iron metabolism [70, 71] and bone
metabolism [24]. Although it is unclear whether chronically training under such scenarios or,
by contrast, chronically using strategies that promote higher CHO availability during training,
have an impact on long-term health and injury profiles, athletes who are already at higher risk

of illness and injury should be aware of this finding.

Iron status is an important factor in health and performance, but compromised iron status is a
common occurrence among endurance athletes, particularly females. This occurs due to
factors from both exercise (e.g. hemolysis and alterations to the iron regulatory hormone

hepcidin) and non-exercise origin (e.g. inadequate iron intake, heavy menstrual blood losses).



Issues around iron status are covered in greater detail by Cairo (72). Routine screening of
iron status according to standardized protocols and treatment of sub-optimal iron stores is
recommended and should be incorporated into the annual training year, especially around
travel and exposure to altitude. Options include dietary counselling to improve iron intake,
oral iron supplements and, in the case where the athlete is unresponsive or where faster
approaches are needed, an intramuscular or intravenous treatment under the supervision of a

physician.

Application to triathlon

Triathletes face an increased risk of illness and injury from several characteristics: high and
varying training loads across three different exercise disciplines, and regular racing programs
both domestically and internationally. Consistent or lengthy interruptions to training will
unravel the athlete’s development, and either delay or derail their movement along the elite
athlete pathway. The most common injuries experienced by elite triathletes relate to bone
stress and require an extended rehabilitation period. It is important that nutrition plans
incorporate strategies that optimize bone remodeling such as maintaining adequate energy
availability, consuming adequate calcium, ensuring Vitamin D sufficiency and strategically
planning CHO and protein intakes around daily training. While the daily training loads of
recreational triathletes don’t meet those of their elite athlete counterparts, the busy nature of
daily triathlon training alongside work and family commitments can interfere with
opportunities to incorporate adequate rest, recovery and sleep as well as incorporate
appropriate food and fluid choices. Triathletes should be vigilant with their daily food and
fluid choices to ensure they align with daily training requirements. Coaches and performance
support staff play an important role to ensure athletes are reminded of the importance of

incorporating appropriate nutrition strategies to support health and well-being.

Theme 8. A pragmatic approach to supplements and sports foods is needed



Athletes represent an enthusiastic audience for the numerous supplements and sports foods
which make up a multi-billion dollar industry [73]. Of course, they also reflect the interests of
the general community where the majority of people report supplement use. Although a “food
first” philosophy is promoted in relation to nutritional needs, athletes often require medical
supplements as part of a treatment or prevention plan for nutrient deficiencies; this includes
iron deficiency [72] and Vitamin D deficiency [74]. In addition, sports foods may assist in
meeting nutritional goals or nutrient targets in scenarios where it is impractical to eat whole
foods. Meanwhile, the largest supplement categories with the most heavily marketed claims
include performance products that directly enhance exercise capacity and supplements that
provide indirect benefits through recovery, body composition management, and other goals.
While the majority of these products are not supported by robust evidence, there are five
(caffeine, creatine, nitrate/beetroot juice, beta-alanine and bicarbonate) which may contribute
to performance gains, according to the event, the specific scenario of use and the individual
athlete’s response [75]. Specific challenges include developing protocols to manage repeated
use of performance supplements in multiple events or training sessions in the same day, the
interaction between several products that are used concurrently, and the individual

experiences of athletes with regard to benefits and side-effects [76, 77].

Potential disadvantages of supplement use include expense, false expectancy, side effects and
safety issues associated with poor manufacturing processes and the risk of ingesting
substances banned under the World Anti-Doping Agency’s List, which are sometimes present
as contaminants or undeclared ingredients [78]. Strict liability codes mean that a positive
urine test can trigger an Anti Doping Rule Violation with potentially serious impact on the
athlete’s career, livelihood and reputation, despite unintentional intake or minute (ineffective)

doses. Despite earlier reluctance, many expert groups, including the International Olympic



Committee [3] now pragmatically accept the use of supplements which pass a risk: benefit
analysis of being safe, effective, legal, and appropriate to an athlete’s age and maturation in
their sport. Expert guidance or supervised use should be considered and all supplements
should be trialed thoroughly by the individual before committing to using them in a
competition setting. Third-party auditing of products can help elite athletes to make informed

choices about supplement use but cannot provide an absolute guarantee of product safety [3].

Application to triathlon

Several supplements and supplement strategies are worthy of considered use across the
various triathlon disciplines (Table 3). Sports foods provide an important aid in meeting high
energy and nutrient needs, by providing a convenient and practical option for intake before,
during and after training and races. Although triathletes rely heavily on fellow athletes,
coaches and media outlets for information regarding supplement use, they should be directed

to receive professional advice, particularly in the case of medical supplements.

Many triathletes are interested in the use of performance supplements on race day; indeed,
caffeine is widely used in triathlon races [79]. However, even when such products can be
justified, they should not take priority over the development and practice of fueling and
hydration strategies. In fact, numerous sports foods and fluids contain caffeine, which should
be accounted for in the race-day nutrition planning. Given the extended nature of several
triathlon races and the delicate balance of consuming adequate CHO and fluid, the
incorporation of performance supplements into a race nutrition plan should be well-rehearsed
and carefully considered. Trialing the use of sports foods and fluids alongside performance
supplements, within sessions that mimic race elements, should form a regular component of

the training program.
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Fig 1 A representation of the various processes in recovery, integrating adaptation and

restoration of function/homeostasis



Table 1. Examples of the periodisation of nutrient intakes and dietary strategies for triathletes

Nutrient/issue  Background Scenarios of training-cycle or daily Scenarios of within day
periodization periodisation

Energy Key determinants of energy needs ¢ Energy intake should be increased e It is likely that distributing energy over
include body mass and the training on days of heavier training load, the day to support training sessions will
load. Energy intake may also need to or during phases of high volume lead to better metabolic outcomes than
be manipulated to support growth, or training irregular or concentrated (e.g. evening-
targeted changes in body composition focussed) energy

Carbohydrate Carbohydrate provides a key fuel e CHO intake should be generally e When there is a desire to “train low”; the

for the muscle and brain/central
nervous system. Muscle glycogen
also acts as a regulator of many
metabolic processes and responses
to exercise

Daily CHO intakes should vary
according to the exercise workload
and the goals of the session.
Examples of possible daily targets
include:

3-5 g/kg BM: light training

5-7 g/kg BM: higher workload
training

6-10 g/kg BM; heavy workload or
desire to restore/load glycogen
8-12 g/kg: very high workload or
maximal glycogen
supercompensation

increased during periods of high
volume training

e CHO intake should be increased
on days of heavy training load or
key training sessions where high
quality/intensity outputs are
required

e CHO intake should be increased
on the day before heavy training
or to “load” for longer races to
ensure appropriate muscle
glycogen stores

¢ CHO intake may be decreased
during periods or on days with
“light” training

¢ (CHO intake may be
avoided/decreased around
occasions when there is a desire

triathlete can refrain from consuming
CHO before and during a morning
training session or in the interval
between two training sessions

When there is a desire to “train high” or
race well-fuelled, the triathlete can
consume CHO (1-4 g/kg) in the hours
prior to an exercise session, especially in
the morning after an overnight fast
When there is a desire to “train high” or
race well-fuelled, the triathlete should
consume CHO during the exercise
session, with targets ranging from 30-60
g/h for sessions 75-150 min to maximal
targets of 60-90 g/h for prolonged races
and “gut training”

When rapid recovery of muscle glycogen
is required between exercise sessions, the
triathlete should commence CHO intake




Consideration to the triathlete’s
body composition should be given
when interpreting these guidelines

to exercise or recover with low
CHO availability

soon after the first session, targeting an
intake of ~ 1 g/kg/h until normal eating
patterns are resumed

Protein Dietary protein intake interacts with Triathletes in committed training e Protein intake should be distributed over
exercise to promote whole body should aim for daily protein the day at 3-5 meals/snacks, each
protein synthesis, including targeted targets of at least 1.4-1.7 g/kg providing at least 0.3-0.4 g/lkg BM
muscle proteins. Protein needs of Protein targets should be e When there is active promotion of lean
athletes in focused training are increased to 1.8-2.4 g/kg/d to mass gain or adaptive response to
greater than those of sedentary preserve lean mass during periods exercise, it may be useful to add a pre-
people of active loss of body fat/mass bed protein-rich snack
e The target for each eating occasion
should be increased to 0.4-0.5 g/kg in
scenarios of active fat/mass loss, or when
the meal is large and likely to have
delayed absorption
Water Daily water intake from drinks and Fluid needs are increased in e Hyperhydration before exercise may help

water-rich foods must cover
obligate losses (e.g. urine
production and respiratory water
losses). The major determinant of
fluid needs for athletes is daily
sweat losses associated with
exercise or environmental
conditions

warm weather, at altitude, or
during periods of heavy training
associated with high sweat losses
Although thirst may generally
guide daily fluid intake, it is
useful to check fluid status (urine
characteristics, acute changes in
BM) when there is a change in
characteristics around fluid
balance

to offset large sweat losses which can’t
be replaced during the session; this may
assist race performance in extreme heat
An individualised and adjustable fluid
plan during exercise should aim to keep
dehydration to acceptable levels by
balancing opportunities to drink with
sweat losses

There may be some advantages to
periodic training with a deliberate
(moderate) fluid deficit to enhance
acclimatisation processes

Pro-active rehydration, including
replacement of adequate fluid volume




(~125% of the deficit) and electrolyte
losses may be useful in some situations
of recovery

It may be counter-productive to attempt
full rehydration after evening training
sessions if the need to urinate during the
night interferes with sleep

Iron Iron requirements are increased in Iron requirements may be e To maximise iron absorption, iron-rich
athletes, particularly females and increased during periods of high meals should be consumed at times in the
endurance athletes to accommodate training volume day that best avoid the interference
increased iron losses and increased Iron status should be checked and associated with post-exercise increases in
needs for synthesis of new tissues supported during periods of hepcidin
and iron-containing compounds. altitude training to ensure that
Strenuous exercise interacts with the erythropoetic responses are
iron regulating hormone, hepcidin, optimised
to reduce iron absorption and
recycling

Caffeine Caffeine enhances exercise capacity Race day caffeine strategies e Daily rituals of “social” intake of

and performance, especially to mask
fatigue and perception of effort.

should be practiced in training to
identify successful protocols
Caffeine intake may assist the
performance of fatiguing training
sessions, allowing the triathlete to
train harder; this may be most
useful for sessions involving
greater metabolic stress (e.g.
“train low”)

caffeine may be organised to contribute
to performance uses of caffeine
Caffeine intake over the day should be
organised to avoid negative effects on
sleep




Table 2. Nutritional strategies for high performance athletes in key triathlon races

Event and typical finish times of ~ Mixed relay Sprint Olympic Half Ironman Ironman
competitive triathletes (~20-25 min) (~55-75 min) (1:45-2:15 h:min)  (3:30-4:30 h:min) (8:00-10:00)
Pre-race refueling: Glycogen Glycogen Glycogen CHO loading, while = CHO loading,

e Normalization of glycogen = normalization normalization normalization maintaining typical  especially with low

7-12 g/kg/d for 24 h
e CHO loading = 10-12 g/kg/d
for 36-48 h

fibre intake

residue diet

Pre-race meal

e 1-4 g/kg CHO in 1-4 h pre-
race

e Reduced fat, fibre and protein
according to risk of gut issues

Familiar pre-race
meal +
CHO after warm

up

Familiar pre-race
meal +
CHO after warm

up

Familiar pre-race
meal + CHO after
warm up

Familiar pre-race
meal + CHO after
warm up

Familiar pre-race
meal + CHO after
warm up

Opportunities for in-race
nutrition:

Includes race feed zones and
participant’s own supplies

Nil — not needed

Transition areas
Participants can
carry bike-

mounted bottles
and sports foods

Transition areas
Participants can carry
bike-mounted bottles
and sports foods
Feed zones are
provided on bike and
run course

Transition areas
Participants can carry
bike-mounted bottles
and sports foods
Feed zones are
provided on bike and
run course

In race fuelling goals

e 45-75 min: mouth rinse/small
CHO amount

e 1-2.5h:30-60 g/h

e >25h:upto90gh

N/A

N/A

Trial CHO mouth
rinse up to intake
of 30-60 g from
CHO-drinks or
gels/
confectionery

30-60 g/h CHO;
Consider trialling
intakes up to 90 g/h
using CHO-drinks
and concentrated
gels/ confectionery

Target intakes up to
90 g/h using CHO-
drinks, gels/
confectionery and
real foods on bike.
Run leg may have
fewer practical




choices and need

lower targets.
In race hydration goals N/A N/A Cost: benefit Plentiful Plentiful
e Aim to keep net fluid deficit < analysis may show opportunities for opportunities for
2-3%BM, especially in hot that time cost of  frequent small frequent small
weather drinking larger intakes of CHO- intakes of CHO-
volumes may drinks towards race  drinks towards race
negate benefits in  fluid plan fluid plan

elite triathletes

Special issues for hot weather
events

Pre-cooling and hyperhydration
may be added to more aggressive
fluid plans

Consider pre-race pre-cooling with ice  Consider pre-race pre-cooling with ice
slurry in addition to external cooling slurry in addition to external cooling
strategies if significant thermal strategies if significant thermal challenge
challenge is anticipated. is anticipated.

Consider pre-race hyperhydration if large
fluid deficit is anticipated.

Where possible, adjust fluid intake during event, independently of carbohydrate
intake, in view of increased sweat losses

Special comments for non-elite
competitors

Do not overdrink by consuming fluid in excess of sweat losses




Table 3 Supplements and sports foods of potential value to triathletes and triathlon performance [80]

Type Product Characteristics and evidence-based uses
Sports foods Sport drinks e CHO-containing fluid (typically 6-8% concentration) which supports fuelling and hydration goals
during and after workouts and races.
e Provides moderate levels of key electrolytes (e.g. ~ 20 mmol/L sodium) to help replace sweat
electrolyte losses and increase voluntary intake of fluid.
Sport gels and e Convenient and compact CHO source to assist with fuelling goals during workouts and races.
confectionary e May contain multiple transportable CHO sources to aid intestinal absorption when intakes > 60 g/h
Liquid meal e Convenient, portable, and easy-to-consume source of carbohydrate, protein, and micronutrients
supplements e Situations of use include as a well-tolerated pre-event meal or post-exercise recovery snack, or
during travel when access to food is limited
Protein e Concentrated protein from high-quality foods (e.g. milk) or isolated protein fractions (e.g. whey)
supplements e Provides convenient option to meet protein intake target when it is impractical to transport, prepare
or consume food sources of protein [e.g. immediately post-exercise, during travel).
Electrolyte e Provides larger concentrations of electrolytes (e.g. ~ 50 mmol/L sodium) for more targeted
supplements replacement
e Situations of use include pre-exercise hyperhydration before races in hot conditions, pro-active
electrolyte replacement in long races by individuals with large sweat/sodium losses, and assisted
rehydration following moderate to severe dehydration/electrolyte loss.
Medical Iron e Supplemental form of iron for prevention and treatment of diagnosed cases of reduced iron
supplements supplements deficiency. Should be taken under the supervision of a medical practitioner and sports dietitian and
in conjunction with dietary intervention.
Calcium e Supplemental form of calcium for prevention and treatment of poor bone status when diet is unable
supplements to meet calcium requirements. Should be taken under the supervision of a medial practitioner and
sports dietitian and in conjunction with appropriate medical and dietary intervention (e.g. to address
low energy availability)
Vitamin D ¢ Supplemental form of Vitamin D for prevention and treatment of Vitamin D
supplements insufficiency/deficiency due to inadequate sunlight exposure. Should be taken under the supervision

of a medical practitioner




Performance
supplement

Glycerol for
hyperhydration

Total body water may be increased when glycerol is consumed (1-1.2 mg/kg) as an osmotic agent
with a large bolus of fluid [~20-25 ml/kg) in the hours before a race

Hyperhydration strategies might be useful to reduce overall fluid deficit in races undertaken in the
heat in which large sweat losses cannot be practically replaced during the event

Should be undertaken under the supervision of a sport scientist and with appropriate
experimentation during training.

Caffeine

Highly biologically active compound with many effects including masking of pain/fatigue/perceived
effort, and enhanced recruitment of muscle motor units

Small to moderate doses (~3 mg/kg BM) appear to be as effective as larger doses [5-6 mg/kg BM) in
enhancing the performance of races of 1 hour and greater

Further studies should investigate the range of triathlon events that benefit from caffeine intake and
various effective doses and consumption protocols (e.g., intake before, during, or toward the end)
May be consumed in cola, energy drinks, sport gels/confectionary, tablets and gum. There are
problems with using coffee as a source of caffeine due to the variability of the caffeine dose

Nitrate
(beetroot juice)

Inorganic nitrate works with enterosalivary system to produce Nitric Oxide through an alternative
and oxygen-independent pathway to arginine-NO production

Associated with improved exercise economy (reduction in oxygen cost of submaximal exercise) to
improve endurance exercise performance, and enhanced skeletal muscle contractile function to
improve muscle power and sprint exercise performance

Typical dose = ~8 mmol nitrate taken 2-3 h pre-race, especially with chronic intake for 3+ d pre-
trial, but intake during longer races may sustain the effect

Effect of nitrate supplementation on endurance events is inconsistent and may involve individual
responsiveness, including observations that it seems less effective in elite athletes

Bicarbonate
loading [acute)

B-alanine
[chronic)
supplementation

There is potential, but inconsistent evidence, that an increase in blood-buffering capacity might
enhance the performance of short higher-intensity races of up to 30-60 min duration [e.g., relays,
sprint triathlons) where disturbances to acid-base balance occur due to reliance on oxygen-
independent glycolytic pathways of ATP production.

Acute increases in extra-cellular buffering may be achieved by consuming 300 mg/kg BM
bicarbonate, 2 hr pre-race. Further field studies are needed with high-level triathletes to confirm
benefits. Risk of gastrointestinal problems should be noted, especially in combination with high-
intensity running




Increased intra-cellular buffering may be achieved by increases in muscle carnosine content via
chronic supplementation with B-alanine (e.g. 6-10 w @ 3-6 g/d). Split doses over the day or
sustained release preparations may reduce the common side-effects of paraesthesia (tingling).




Exercise = stress + stimulus

Refuelling \ Immune response
Rehydration ~ A__/ — Inflammatory
responses
Reversal of pain/soreness — _, [l Sleep
/ T Redox (“antioxidant”)
Protein synthesis responses
Recovery
Restoration of Adaptation
homeostasis to enhance
and function function
Competition Training



