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7.1 INTRODUCTION

There is irony in the observation that endurance sports have received the most attention
from sports science and nutrition experts in terms of the development of guidelines
for fluid intake, yet they remain the focus of controversy and continued discussion.
For the purposes of this chapter, endurance sports are defined as continuous activi-
ties of greater than 90 min duration that can potentially span into ultra-endurance
events (>4 h) and multiday competitions. The mode of locomotion can include run-
ning, cycling, swimming, skiing, or padding/rowing, and sometimes combinations of
several of these within the same event, and the field of play is usually outdoors with
exposure to the prevailing environmental conditions. In line with the duration of these
sports, the majority of the work-rate is undertaken at submaximal intensities. However,
it should be remembered that in many events, critical pieces that shape the outcome of
the event involve high-intensity exercise: for example, the breakaway, the surge up a
hill, and the sprint to the finish line. Furthermore, in some events there is an element of
skill and technique that requires good coordination of central and peripheral function.

As is the case with other sporting activities, the goal of drinking fluids is to prevent
the fluid deficit that accrues due to sweat losses from reaching avoidably problematic
level. However, other considerations for consuming fluids during endurance sporting
event include the ingestion of common drink ingredients known to enhance perfor-
mance such as carbohydrate, electrolytes and caffeine, as well as the contribution of cool
or icy fluids to comfort and thermoregulation during exercise. In multiday endurance
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events, fluids consumed during the activity may contribute a substantial proportion of
the energy, protein, and micronutrients needed for general health, as well as specific
guidelines for optimal performance and recovery. A common element to endurance
sports is that fluid intake during an event is primarily achieved on the run—or while the
athlete is actually exercising. This feature means that the cost of achieving the activity
must be balanced against the benefits of its effects. These costs include the effort to have
drinks available to consume, the time lost in slowing down to obtain and consume them,
and the risk of incurring gastrointestinal discomfort or upsets as a result.

Guidelines for hydration practices in endurance sports have evolved from prescrip-
tive recommendations to consume a certain fluid volume during exercise to the adoption
of a practiced and individualized plan that can partially replace sweat losses as well
as provide other ingredients or characteristics previously mentioned. This advice is not
universally embraced; however, alternative views are that thirst should dictate the need
for, and volume of, fluid replacement during exercise and that ad libitum drinking is suf-
ficient to address fluid needs during sport. This chapter will review the background to the
debate over fluid needs for endurance events, covering the evolution of the guidelines and
the points of differences in current views. In proposing recommendations to find some
common and practical middle-ground, the literature on self-chosen fluid intakes of com-
petitors in a variety of endurance sports will be presented. While such data do not neces-
sarily always represent optimal practice, at least they show what is logistically possible
and valued by athletes under real-life competition conditions (Garth and Burke 2013).

The nutritional strategies that can be of benefit to endurance sports involve the
integration of a number of elements including the intake of nutrients and evidence-
based ergogenic aids, and the manipulation of stomach comfort and temperature
regulation. The science behind these strategies and practical ways to achieve them
are covered in a number of sections and chapters in this book. The principle focus of
the current chapter is to consider how they can be incorporated into a plan in which
the intake of fluid is the dominant or binding factor. This plan must be underpinned
by an understanding of both the specific issues around hydration and the practical
issues of achieving this within endurance sports.

7.2 EVOLUTION OF GUIDELINES FOR FLUID
INTAKE DURING ENDURANCE SPORTS

Since the 1970s, expert groups have issued guidelines for fluid intake during sport
and exercise. These guidelines have evolved over the years due to our increasing
knowledge as well as some justifiable criticisms of previous ideas and education
messages. The first position stands on fluids for exercise were focused on distance
running and were mostly targeted to race organizers and medical support teams
(American College of Sports Medicine [ACSM] 1975, 1987). They were prepared in
response both to the increased community participation in marathons and fun runs
with the running boom of the 1970s and a desire to update the prevailing rules of the
TAAF (the international governing body of athletics) that no aid stations should be
provided prior to the 15 km mark of a distance race.

Although these guidelines recommended more access to aid stations through-
out races, they proved to be problematic in several ways: First, they continued to
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prescribe water as the only fluid that should be available (ACSM 1975, 1987), failing
to recognize the accumulating evidence of the benefits of consuming carbohydrate
during exercise of >1 h duration (see Chapter 19). Importantly, the recommenda-
tions were prescriptive and impractical to translate into the varying characteristics
of distance running, let alone other endurance sports. Although many athletes like
the simplicity of prescriptive advice, even apparently simple guidelines often fail
the test of scrutiny. For example, suggestion that “distance runners should drink
100-200 ml of water at aid stations provided every 2—3 km in a race” (ACSM 1987)
sounds reasonable. However, if taken literally, it could span the intake of 330 ml/h by
a slow runner to 2 L/h by a fast runner. This would range from inadequate to suitable
for slower runners depending on their actual sweat rates, but the high rate would be
impossible to achieve when running at high speeds and any such attempt would be
likely to cause gastrointestinal discomfort and substantial time loss at aid stations.

The updated ACSM guidelines published in 1996 increased the general scope of
interest to fluid intake during exercise and recognized the benefits of including car-
bohydrate and electrolytes in beverages for endurance sports. However, they contin-
ued to promote a formulaic intake of fluid with the goal of minimizing the mismatch
between fluid intake and sweat losses: “During exercise, athletes should start drink-
ing early and at regular intervals in an attempt to consume fluids at a rate sufficient
to replace all the water lost through sweating (i.e., body weight loss), or consume
the maximal amount that can be tolerated” (ACSM et al. 2007). Concern that these
guidelines could be interpreted out of context as “consume the maximal amount of
fluid possible” and contribute to observations of hyponatremia/water intoxication
caused by the excessive intake of fluids by some (usually recreational) participants in
endurance/ultra-endurance sports activities (Noakes et al. 2005; Noakes and Speedy
2006) is an important factor in later guidelines.

The most recent guidelines by groups such as the ACSM (ACSM et al. 2007), the
National Athletic Trainers Association (Casa 2007), and the International Olympic
Committee (Shirreffs and Sawka 2011) have tried to accommodate the specificity of
needs and opportunities to hydrate during exercise across a range of sports, as well
as the unique needs of each participant. They recommend that each athlete develop
an individualized fluid plan based on an appreciation of his or her likely sweat rates
and knowledge of opportunities to drink during the exercise session. They typically
maintain the goal of defending, where possible, a gold standard of hydration, sug-
gested as loss of <2% body mass (BM) over the event, but warn against overdrink-
ing as shown by a gain in BM. However, even these recommendations have been
subjected to the (often vitriolic) criticism of being unnecessary, complicated, and
driven by commercial interests (Beltrami et al. 2008; Noakes 2012). Instead, it has
been argued that athlete should simply drink according to their thirst (Noakes 2007).

7.3 ISSUES AND CONTROVERSIES

There are two different considerations involved in setting guidelines for fluid intake
during endurance sport. The first consideration is the level of hydration that is needed
to achieve optimal performance (or from the obverse point of view, what is the larg-
est level of fluid deficit that can be tolerated before performance is impaired?).
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Second, the guidelines need to consider how the athlete can be educated to achieve
this hydration level/avoid a fluid deficit larger than this. Both of these considerations
have been the focus of challenge and discussion over the recent decade.

Optimal performance in endurance sports requires the integration of the muscle’s
ability to produce the power needed to achieve optimal movement patterns and the
central nervous system’s role in choosing appropriate pacing strategies and execute
optimal technique, decision making, and skill. Historically, it has been considered
that impairments of aerobic performance undertaken in a hot environment can be
detected when there is a fluid deficit of ~2% or greater, with the magnitude of effects
increasing as the degree of dehydration increases. Furthermore, the effects of dehy-
dration are less obvious when aerobic exercise is undertaken in a cool environment
and it may take a fluid deficit of 3%—5% before they are detectable (Sawka 1992;
Cheuvront et al. 2003, 2010; Sawka and Noakes 2007; Cheuvront and Kenefick
2014). However, in recent times, there have been debates about whether these con-
cepts are correct, with arguments in both directions that they are too simplistic to
capture the real essence of the effects of dehydration on sports performance.

The case that endurance athletes can tolerate larger fluid deficits without problem
includes the following ideas:

* The evidence that dehydration impairs endurance performance is mostly
based on studies conducted in laboratory sessions which don’t adequately
replicate real-life conditions of sport, including factors such as the cooling
effect of the air movement from outdoors (Saunders et al. 2005) or the effect
of motivation and reward for successful outcomes.

* Some reviews of laboratory-based studies have concluded that dehydration
of <4% is unlikely to impair the performance of time-trial type protocols
(Goulet 2013).

» Studies and anecdotal observations show that successful athletes can toler-
ate high levels of dehydration (Beis et al. 2012), with the winners in a race
often being the most dehydrated.

e Competitive athletes learn to accommodate the physiological decrements
associated with laboratory-based observations of dehydration.

e Successful performance does not always require optimal outputs; rather,
the athlete only needs to be better than his or her competitors.

There are counter-arguments to these suggestions, including the following:

* Laboratory studies of graded levels of dehydration show that the effects on
a range of physiological factors and perceived effort of exertion increase in
a continuum (Montain and Coyle 1992); it is also likely that the effect on
performance gradually increases until the point when, according to the sen-
sitivity of the protocol, it becomes measurable. Failure to see a performance
impairment in a study may represent a Type II error due to underpowering
of sample size or poor reliability of monitoring performance.

¢ Some field-based studies have reported that mild fluid deficits of even 2%—3%
impair performance in the heat (Casa et al. 2010; Bardis et al. 2013).
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* In many outdoor sports, athletes deliberately reduce the potential for con-
vective cooling by adopting aerodynamic positions (riding/running in slip-
stream of other competitors, choosing special equipment and clothing).

* The margins of winning and losing in sport are typically very small, mak-
ing it unlikely that we can measure all the factors that make meaningful
changes in the outcomes.

e The effort required to overcome the physiological and psychological dec-
rements associated with dehydration may manifest in ways other than a
measurable drop in work-rates: for example, loss of concentration during
the event and greater difficulty with recovery between events.

* Not all studies report that the race winners are the most dehydrated. Some
studies show no correlation between loss of mass over event and perfor-
mance (Speedy et al. 1999) and others show an inverse relationship with
most successful athletes being the best hydrated (Ross et al. 2014). In any
case, observations cannot tell cause or effect, or how an athlete would have
performed with a different fluid intake strategy.

In summing up these views, this author feels that endurance athletes should make a
calculated risk about how much of their relative or absolute performance is needed
on the specific day of any race after undertaking a cost-benefit analysis of their
potential opportunities for fluid intake in the event. In other words, they should
counterbalance the time loss or risk of gut discomfort associated with drinking at
the available opportunities with the impairment of perception of effort and perfor-
mance associated with a fluid deficit. The outcome of this analysis is likely to vary
according to factors such as the individual athlete, the environmental conditions,
the logistics of drinking, and the type of event. This will be discussed further in the
conclusion of this chapter.

The second topic of recent debate has been the need for guidelines for fluid
intake. Although the expert position stands have moved away from prescriptive
guidelines to favor the development of an individualized fluid intake plan, some
sports scientists have heavily criticized even this approach. Instead, they argue
that humans can optimize their performance and health during a sporting event by
drinking according to behavior that is innate and spontaneous rather than planned.
They advocate that hydration can be managed by drinking to thirst or ad libitum
fluid intake (Noakes 2010). The hypothesis that drinking to thirst is the best way
to approach education around fluid intake is based on several assumptions (Noakes
2010) given as follows:

e That the human thirst response is highly developed in guiding athletes to
the need to drink in the short-term and long-term and that the athlete can
respond to thirst by drinking appropriate volumes of fluid

e That humans have evolved to tolerate a certain level of thirst and fluid defi-
cit in the short-term without impairment of health or performance

e That this behavior will err on the side of allowing a fluid deficit rather than
overload, thus preventing the development of hyponatremia in individuals
and groups
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Concern about over-hydration during exercise has been at the forefront of the revi-
sions and concerns over guidelines for fluid intake during sport. This is rare, at least
historically, in non-endurance sports where athletes exercise at high intensities with
commensurately high sweat rates. However, observational studies of endurance and
ultra-endurance sports over the past two decades have found that some individuals
are overzealous with their fluid intake and drink at a rate that substantially exceeds
their sweat losses and their ability to excrete fluid via urine. Excessive fluid intake
is a major contributor to the potentially fatal condition of hyponatremia, although
other factors include the retention of excess fluid because of inadequate suppression
of antidiuretic hormone secretion (Noakes et al. 2005; Siegel et al. 2007). Risk fac-
tors for over-hydrating include undertaking endurance and ultra-endurance events at a
slow pace (lower sweat rates and greater likelihood of stopping to drink at aid stations)
and being female (smaller body size with lower sweat rates) (Almond et al. 2005).
Mathematical modeling also shows that mild levels of hyponatremia may also occur
as a result of large salt losses in individuals who excrete sweat that is salty or simply
high in volume (Montain et al. 2006). However, overdrinking underpins the develop-
ment of severe hyponatremia and the sequelae of encephalopathies that have caused
several unfortunate and preventable deaths among athletes and military personnel. As
a result, new fluid intake guidelines are clear in their warnings against overdrinking
during exercise (ACSM et al. 2007; Casa 2007; Shirreffs and Sawka 2011).

Although this author believes that thirst provides a reasonable starting point or
contribution to the development of fluid plan for endurance sports, there are some
problems in making this a universal or single approach. First, it is unclear what
drinking to thirst really means, since it can be interpreted in different ways which
would require different behavior and lead to different outcomes in terms of fluid
intake and fluid balance. For example, interpretations include (1) drink every time
you are thirsty; (2) when presented with fluids, only drink if you are thirsty; or
(3) drink during the opportunities in sport so that thirst doesn’t develop. Although
some people use drinking to thirst interchangeably with the term ad libitum fluid
intake, this is not strictly true since the latter implies that fluid intake can be under-
taken whenever and in whatever volumes the athlete desires.

In addition to the potential confusion around what the term actually means, there
are several types of athletes or situations, however, where there may be benefits from
building a more calculated approach than drinking if you are thirsty. It is noted that
the following conditions apply to many endurance and ultra-endurance sports:

* In events where opportunities for fluid intake are limited, the athlete may
need to drink at the available opportunities early in an event (i.e., ahead of
their thirst) to better pace the total fluid intake over the session.

* In events where performance can benefit from the regular intake of other
nutrients that can be delivered in fluids—in particular, carbohydrate. As long
as it doesn’t require an excessive fluid intake, athletes may develop a plan to
consume beverages such as sports drinks to contribute to refueling targets.

e For athletes who are unable to respond to thirst or hunger due to personal
characteristics or the confusion about appropriate volumes to consume due
to exposure to a food environment with continually upsized food portions.
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In these situations, there may be benefits from developing a personalized plan that
can be manipulated according to circumstances or characteristics of each event.

74 WHAT DO ENDURANCE ATHLETES CURRENTLY DRINK?

A range of factors that influence the intake of fluids during competitive endurance
events; these include thirst, genetic predisposition to be avid or reluctant drinker,
beliefs regarding dehydration or over-hydration, access/availability of fluids, opportu-
nity to drink, palatability of drink, gastrointestinal comfort, wish to avoid the need to
urinate, desire to reduce BM over the race, and the desire for other ingredients (e.g.,
carbohydrate and caffeine) or characteristics (e.g., temperature) of fluid. The available
literature on observed practices of athletes in endurance competitions is now sum-
marized (Tables 7.1 through 7.3), to discuss the apparent importance of these factors.

7.4.1 SINGLE-DAY ENDURANCE EVENTS (EVENTS LASTING
<~3 H FOrR Tor COMPETITORS)

An unusual characteristic of many endurance events (marathons and Olympic dis-
tance triathlons) is that elite and recreational athletes often compete in the same
race, meaning that the event will include participants with a large range of finishing
times. As in all sports, the rates and total volume of sweat loss vary with the inten-
sity and duration of the event, with potential for large differences between athletes,
even those in the same race. The outdoor setting increases the potential for large
differences in sweat losses between events of the same type, according to specific
characteristics such as the event terrain and environmental conditions (heat, humid-
ity, altitude, and wind).

We have previously identified a range of features that influence fluid intake dur-
ing competitive endurance events (Garth and Burke 2013). A key characteristic of the
hydration opportunities in endurance events is that athletes must drink while on the
move. Access to fluids during the majority of events is typically governed by a network
of drink stations/feed zones, although this can be supplemented or replaced in other
endurance sports by the transport of fluids by the individual athlete. Elite athletes are
often able to provide themselves their own specific race supplies at aid stations, while
in mass participation events, the provisions at feed stations available to general com-
petitors are governed by the race organizer. Opportunities to drink must consider the
time lost in obtaining and consuming fluid, and the potential for gut discomfort due
to drinking while exercising at relatively high intensities. Practicing drinking during
event-simulating training sessions may facilitate the development of appropriate skills
and gut tolerance in some athletes. Devices such as fluid containing backpacks and
spill-proof bottles may also enhance access to fluid and opportunities to drink dur-
ing some endurance sports. However, in other sports, technique requirements such as
bike handling during downhill mountain bike riding or maintaining an aerodynamic
position during road cycling time trials may interfere with opportunities to obtain or
consume fluids. Similarly, pacing strategies and race tactics may interfere with the
athlete’s opportunities to drink, since they may choose to surge past the aid stations.
Some endurance athletes may deliberately or subconsciously restrict fluid intake
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during events in the belief that accrual of a fluid deficit may enhance performance,
particularly in hilly terrain, due to the effect of a lower BM in increasing the econ-
omy of movement and improving power to weight ratio. Finally, fluid intake by some
endurance athletes may be driven by their desire to consume other ingredients found
in everyday drinks or specialized sports beverages such as carbohydrate, caffeine, and
electrolytes, or by the desire to regulate body temperature via the intake of cool drinks.

The available literature on fluid intake during endurance sports has been limited
to marathon and half-marathon running races conducted in mild to warm environ-
ments (Table 7.1).

Notwithstanding the limitations of methodologies used in such studies, which
have been previously acknowledged (Garth and Burke 2013), studies in which data
were collected immediately pre- and post-race showed that the typical change in BM
across the event was a deficit of ~1%—2%; however, the range across the subjects in
the same race spanned a deficit of >2% BM to a gain in mass. Indeed, in the study
which involved the largest number (>600) of participants, individual BM changes
over the marathon ranged from —8% to +5% (Zouhal et al. 2011). Although the
authors noted a relationship between finishing time and BM losses, with the faster
runners incurring a greater fluid deficit, BM change only accounted for 4.7% of the
variance in race time, suggesting a complex relationship. Several studies in this cat-
egory noted drinking behavior between the group who were characterized as having
normal plasma sodium concentrations and those who developed mild/asymptomatic
hyponatremia, with the hyponatremic group drinking more fluid and losing less BM
(or gaining) over the course of the event (Hew 2005; Kipps et al. 2011).

The only observations on fluid intake by elite marathon runners were gathered by
an innovative but largely unvalidated technique of retrospectively examining televi-
sion footage of the behavior of the leading runner at the race drinking stations at
the 2004 Athens Olympics (van Rooyen et al. 2010) and at 13 Olympic or Big City
marathons (Beis et al. 2012). The footage revealed that they spent a total of 2-51 s,
representing less than 1% of race time, engaged in drinking activities. The estimated
(maximum) intake of fluid by male marathon winners, the majority of which are
likely to be East African athletes, was claimed to be an average of 550 + 340 ml/h
with a range of 30-1090 ml/h (Beis et al. 2012). There were no correlations between
fluid intake and either ambient conditions or running speed among these observa-
tions. Indeed, in similar environmental conditions, runners can behave differently
in different races as illustrated by the athlete who ran the Berlin marathon in 2006
(12°C) and 2008 (16°C) with an estimated fluid intake of 1839 ml for the first year
(2:03:59 finishing time) and 1098 ml for the second (2:06:08).

7.4.2 SINGLE-DAY ULTRA-ENDURANCE EVENTS
(Top CoMmPETITORS FINISH IN >3 H)

Events such as ultra-marathons, 50 km race walking, cycling road races, and half
Ironman and Ironman triathlons also involve mass participation with a mixture of elite
to recreational competitors. They also share the characteristics of endurance sports
with regard to opportunities for fluid intake during the event, and the variable effect
of the outdoor environment on sweat rates. Since the intensity of the event is reduced
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compared with endurance events, sweat rates are theoretically lower and there may be
increased opportunity for fluid intake. However, the extended duration of the race may
also increase the absolute fluid deficit or gain if there is a mismatch between sweat-
ing and fluid intake. Fluids may contribute a substantial amount of the carbohydrate
needed to meet sports nutrition recommendations for extended events: for example,
Speedy and colleagues reported that ~2/3 of the fluid consumed by Ironman triathletes
contained carbohydrate (sports drink and cola drinks) and can contribute ~50% of the
carbohydrate consumed during the race (Speedy et al. 2001; Kimber et al. 2002).

Table 7.2 summarizes the results of studies of ultra-endurance events involving
running, cycling, and multisport combinations conducted over 5—-24 h as a single-day
race. Observations of fluid intake during ultra-endurance events noted mean intakes
ranging from 300 to 1000 ml/h with large individual variations in these rates. Factors
contributing to differences in fluid intake include the mode of activity: greater rates
of intake were typically observed during cycling activities (400—900 ml/h) than run-
ning events (300-700 ml/h).

Overall, mean BM loss over the race ranged from 1.5% to 5.2%, with individual
outcomes spanning a loss of >7% to a gain of 5% BM. Correlations between sweat loss
and finishing time were unclear, with faster athletes recording a greater total loss of BM
over the race in some studies (Lebus et al. 2010; Bracher et al. 2012) while the slowest
athletes reported greatest losses in others (Speedy et al. 1999). Again, many investiga-
tions were focused on the incidence of hyponatremia, which occurred in 0%-51%
of the study participants and occurred mostly in asymptomatic forms. As in the endur-
ance events, weight gain was associated with hyponatremia (Speedy et al. 1999, 2001)
particularly in the case of severe decreases in serum sodium concentrations. However,
hyponatremia was also reported in individuals who maintained (Speedy et al. 1997) or
even lost BM (Speedy et al. 1999, 2001) including substantial changes of a 9% BM loss
(Speedy et al. 2001). Thus, the etiology of hyponatremia is complex.

7.4.3 FLuip BALANCE IN MuLTIDAY ULTRA-ENDURANCE EVENTS

Sports such as cycling, mountain biking, running, and single or multisport adven-
ture racing include multiday competition formats, with events lasting from two days
to three weeks. Events can be further divided into those in which competitors are
required to complete the course in a continuous manner of their own choosing, where
the periods taken to sleep or eat are included in the finishing time, and those in
which competitors complete a number of stages each day with these individual per-
formances accumulating to produce the final results. Access to nutritional support
may come from a variety and combination of sources including self-sufficiency, offi-
cial feed zones, sporadic checkpoints for supplies, and assistance from team support
crew. The determinants of sweat losses and fluid intake vary as discussed in the
previous section on single-day endurance and ultra-endurance sports, with the addi-
tional challenges that intake during the event may need to contribute to substantial
requirements for fluid, carbohydrate, and energy over the duration of the whole event
and that deficits from one day may carry over to the next.

Table 7.3 summarizes observations from 10 separate multiday events, including
four involving elite cyclists of international caliber, and formats ranging from a
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continuous road cycling format to events involving road cycling, mountain biking,
or ultra-running with one or more stages each day. Studies reported mean fluid
intakes across a stage of ~300-1000 ml/h and mean BM changes of 0.2%—3% BM,
with the likelihood that elite athletes recorded a fluid deficit exceeding 3% BM in
hot weather races. Fluid intake in some events was correlated to the temperature at
the start of the stage (Schenk et al. 2010) and the duration of the stage (Ross et al.
2014). In addition, the format of a cycling race was seen to influence fluid intake,
with road cyclists drinking less during criterium and individual time-trial formats
than road races (Ross et al. 2014). Explanations for this observation include the
briefer length of the race as well as reduced access to fluids (lack of feed zones) and
opportunity to drink (the conflict between taking time to drink and the need to ride
aggressively or in a streamlined position). However, it was also noted that the rules
and culture of road cycling have evolved to promote greater opportunities for fluid
and energy intake during the road race format. In addition to feed zones in which
all cyclists can obtain food and fluid supplies from their support crews, designated
riders within a cycling team (domestiques) assume a role of ferrying food and drinks
supplies from the team car throughout the race to the cyclists who are in conten-
tion to win (Ross et al. 2014). Nevertheless, there are obstacles to drinking during
the stage including the need to keep hands on the handlebars during steep ascents
and descents in road cycling (Ebert et al. 2007; Ross et al. 2014), difficult terrain
in mountain biking (Schenk et al. 2010) as well as aggressive riding tactics and the
breakaway whereby the lead rider is distant to the support of the domestiques (Ebert
et al. 2007; Ross et al. 2014).

There were reports of both a negative correlation between the finishing time
within a stage and fluid intake or level of deficit (Ebert et al. 2007) and a lack of
association or even positive correlation between success in a race and fluid intake/
BM maintenance (Ross et al. 2014). Although it is intuitive that the fastest athletes
in a race might incur the greatest fluid deficit as a result of a higher sweat rate and
less opportunity or desire to obtain or drink fluids at high speed, in some sports there
are unique factors that may change this relationship. For example, in one cycling
study, the fastest competitors within each stage were shown to have incurred the
smallest losses of BM (Ross et al. 2014). This was explained by the team tactic in
road cycling whereby the protected rider (cyclists who are deemed to have the best
chance of winning) spends much of the race riding within the slipstream of the pelo-
ton or their team mates, thus reducing their power outputs (and sweat rates) while
allowing them to achieve greater intakes of fluid and energy. Further studies on such
events, including those involving elite competitors, may provide further insights
into cultural, behavioral, and logistical determinants of fluid intake.

7.5 SUMMARY AND FINDING MIDDLE GROUND
ON FLUID GUIDELINES
Further studies of real-life hydration practices during competitive events includ-

ing information on motives for drinking or not, along with intervention studies
that simulate the actual nature of real-life sport, are needed before conclusions
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can be made about ideal drinking strategies for endurance and ultra-endurance
sports (Garth and Burke 2013). In any case, it is likely that a range of drink-
ing strategies may be appropriate and that athletes need to have an individual-
ized and flexible approach to their hydration practices. This approach should also
incorporate goals for other nutrition strategies known to enhance fluid palatability
and voluntary consumption, thermoregulation, or performance and may dictate a
desirable volume and pattern of intake that is independent of thirst. There may
be benefits associated with a paced approach to drinking during sport, in which
the athlete plans to spread their intake of these nutrients as well as a reasonable
replacement of their sweat losses across the opportunities that their event provides
to consume fluids.

An important step in developing messages about hydration practices in endurance
sport is to recognize that a single approach is unlikely to be successful. Rather, it is
likely that needs, challenges, and opportunities will vary between athletes within
any single event, as well as changing from event to event. Indeed, the range of experi-
ences between and within endurance/ultra-endurance sports is likely to include ath-
letes whose fluid plan needs to increase their habitual/natural intake because sweat
rates are likely to greatly exceed opportunities to drink, as well as athletes with the
opposite characteristics. We have recently tried to conceptualize a model (Figure 7.1)
that explains why a spectrum of approaches needs to coexist. Hopefully, this will
help to find middle ground in the current debate about fluid guidelines for competi-
tive sports.

Supply < demand Supply > demand

Environmental conditions
Hot — Cold
Event finishing time

Fast Slow
Gender
Male — Female
Body size
Large Small

Pre-event hydration
Dehydrated {m— ) Overhydrated

Fluid access/opportunities to drink during event

Limited 4 » Many
Genetic predisposition to fluid intake
Reluctant 4 » Eager
Ability to follow instructions/education
Lazy 4 » Over-eager

Other nutrition strategies (e.g., carbohydrate, caffeine)

Use of concentrated Use of dilute
forms (e.g., gels) forms (e.g., sports
drinks)

Manage fluid intake
Prevent overhydration
Control opportunities

Encourage fluid intake
Keep below maximum allowable fluid deficit
Create opportunities

The spectrum of issues that need to be considered in education and event logistics regarding fluid intake during
competitive events includes consideration of the balance between supply (fluids) and demand (sweat rates)

FIGURE 7.1 Fluid guidelines for endurance and ultra-endurance sports should recognize
that a range of approaches to encouraging or managing drinking behavior is needed. (Adapted
from Burke, L.M., Aspetar Sports Med. J., 2, 86-93, 2012.)
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