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Objective: To present recommendations to optimize the
fluid-replacement practices of athletes.

Background: Dehydration can compromise athletic perfor-
mance and increase the risk of exertional heat injury. Athletes
do not voluntarily drink sufficient water to prevent dehydration
during physical activity. Drinking behavior can be modified by
education, increasing accessibility, and optimizing palatability.
However, excessive overdrinking should be avoided because it

Recommendations: Educate athletes regarding the risks of
dehydration and overhydration on health and physical perfor-
mance. Work with individual athletes to develop fluid-
replacement practices that optimize hydration status before,
during, and after competition.

Key Words: athletic performance, dehydration, heat iliness,
hydration protocol, hydration status, oral rehydration solution,
rehydration

can also compromise physical performance and health. We
provide practical recommendations regarding fluid replace-
ment for athletes.

mechanism of heat dissipation. The evaporation dfated. The onset of significant dehydration is preventable, or
sweat from the skin's surface assists the body it least modifiable, when hydration protocols are followed to
regulating core temperature. If the body cannot adequatelysure all athletes the most productive and the safest athletic
evaporate sweat from the skin’s surface, core temperature risgperience.
rapidly. A side effect of sweating is the loss of valuable fluids The purpose of this position stand is to 1) provide useful
from the finite reservoir within the body, the rate being relate@commendations to optimize fluid replacement for athletes, 2)
to exercise intensity, individual differences, environmentamphasize the physiologic, medical, and performance consid-
conditions, acclimatization state, clothing, and baseline hydmerations associated with dehydration, and 3) identify factors
tion status. Athletes whose sweat loss exceeds fluid intatkeat influence optimal rehydration during and after athletic
become dehydrated during activity. Therefore, a person withparticipation.
high sweat rate who undertakes intense exercise in a hot,
humid environment can rapidly become dehydrated. Dehydra-
tion of 1% to 2% of body weight begins to compromisRECOMMENDATIONS
physiologic function and negatively influence performance. . : . , L
Dehydration of greater than 3% of body weight further disturbs ' N¢ National Athletic Trainers’ Association (NATA) rec-
physiologic function and increases an athlete’s risk of dev&jmends the following practices regarding fluid replacement
oping an exertional heat iliness (ie, heat cramps, heat exha g_athletlc participation:
tion, or heat stroke). This level of dehydration is common iny Establish a hydration protocol for athletes, including a
sports; it can be elicited in just an hour of exercise or even rehydration strategy that considers the athlete’s sweat rate,
sport dynamics (eg, rest breaks, fluid access), environmen-
tal factors, acclimatization state, exercise duration, exer-
cise intensity, and individual preferences (see Table 1 for
examples of potential outcomes).

During exercise, evaporation is usually the primarynore rapidly if the athlete enters the exercise session dehy-
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2. A proper hydration protocol considers each sport’s unique

features. If rehydration opportunities are frequent (eg,
baseball, football, track and field), the athlete can consume

primary goal is the immediate return of physiologic

function (especially if an exercise bout will follow). When

rehydration must be rapid, the athlete should compensate

smaller volumes at a convenient pace based on sweat rate for obligatory urine losses incurred during the rehydration

and environmental conditions. If rehydration must occur at
specific times (eg, soccer, lacrosse, distance running), the
athlete must consume fluids to maximize hydration within

the sport’s confines and rules. 8.

process and drink about 25% to 50% more than sweat
losses to assure optimal hydration 4 to 6 hours after the
event.

Fluid temperature influences the amount consumed. While

. Fluid-replacement beverages should be easily accessible in individual differences exist, a cool beverage of 10° to

individual fluid containers and flavored to the athlete’s
preference. Individual containers permit easier monitorin@,
of fluid intake. Clear water bottles marked in 100-mL
(3.4-fl 0z) increments provide visual reminders to athletes
to drink beyond thirst satiation or the typical few gulps.
Carrying water bottles or other hydration systems, when
practical, during exercise encourages greater fluid volume
ingestion.

. Athletes should begin all exercise sessions well hydrated.
Hydration status can be approximated by athletes and
athletic trainers in several ways (Table 2). Assuming
proper hydration, pre-exercise body weight should by
relatively consistent across exercise sessions. Determine
the percentage difference between the current body weight
and the hydrated baseline body weight. Remember that
body weight is dynamic. Frequent exercise sessions can
induce nonfluid-related weight loss influenced by timing
of meals and defecation, time of day, and calories ex-
pended in exercise. The simplest method is comparison of
urine color (from a sample in a container) with a urine
color chart (Figure). Measuring urine specific gravity
(USG) with a refractometer (available for less than $150)
is less subjective than comparing urine color and also
simple to use. Urine volume is another indicator of
hydration status but inconvenient to collect and measure.
For color analysis or specific gravity, use midstream urine
collection for consistency and accuracy. Remember that
body weight changes during exercise give the best indica-
tion of hydration status. Because of urine and body weight
dynamics, measure urine before exercise and check body
weight (percentage of body weight change) before, during,
and after exercise sessions to estimate fluid balance.

. To ensure proper pre-exercise hydration, the athlete should
consume approximately 500 to 600 mL (17 to 20 fl 0z) of
water or a sports drink 2 to 3 hours before exercise and 200
to 300 mL (7 to 10 fl oz) of water or a sports drink 10 to
20 minutes before exercise.

. Fluid replacement should approximate sweat and urine
losses and at least maintain hydration at less than 2% body
weight reduction. This generally requires 200 to 300 mL (7
to 10 fl oz) every 10 to 20 minutes. Specific individual

recommendations are calculated based on sweat rates,

sport dynamics, and individual tolerance. Maintainingl-
hydration status in athletes with high sweat rates, in sports
with limited fluid access, and during high-intensity exer-

15°C (50° to 59°F) is recommended.

The Wet Bulb Globe Temperature (WBGT) should be
ascertained in hot environments. Very high relative hu-
midity limits evaporative cooling; the air is nearly satu-
rated with water vapor, and evaporation is minimized.
Thus, dehydration associated with high sweat losses can
induce a rapid core temperature increase due to the
inability to dissipate heat. Measuring core temperature
rectally allows the athlete’s thermal status to be accurately
determined. See the NATA position statement on heat
illnesses for expanded information on this topic.

In many situations, athletes benefit from including carbo-
hydrates (CHOSs) in their rehydration protocols. Consum-
ing CHOs during the pre-exercise hydration session (2 to
3 hours pre-exercise), as in item 5, along with a normal
daily diet increases glycogen stores. If exercise is intense,
then consuming CHOs about 30 minutes pre-exercise may
also be beneficial. Include CHOs in the rehydration
beverage during exercise if the session lasts longer than 45
to 50 minutes or is intense. An ingestion rate of about 1
g/min (0.04 oz/min) maintains optimal carbohydrate me-
tabolism: for examplel L of a 6% CHOdrink per hour of
exercise. CHO concentrations greater than 8% increase the
rate of CHO delivery to the body but compromise the rate
of fluid emptying from the stomach and absorbed from the
intestine. Fruit juices, CHO gels, sodas, and some sports
drinks have CHO concentrations greater than 8% and are
not recommendeduring an exercise session as the sole
beverage. Athletes should consume CHOs at least 30
minutes before the normal onset of fatigue and earlier if
the environmental conditions are unusually extreme, al-
though this may not apply for very intense short-term
exercise, which may require earlier intake of CHOs. Most
CHO forms (ie, glucose, sucrose, glucose polymers) are
suitable, and the absorption rate is maximized when
multiple forms are consumed simultaneously. Substances
to be limited include fructose (which may cause gastroin-
testinal distress); those to be avoided include caffeine,
alcohol (which may increase urine output and reduce fluid
retention), and carbonated beverages (which may reduce
voluntary fluid intake due to stomach fullness).

Those supervising athletes should be able to recognize the
basic signs and symptoms of dehydration: thirst, irritabil-
ity, and general discomfort, followed by headache, weak-

cise can be difficult, and special efforts should be made to ness, dizziness, cramps, chills, vomiting, nausea, head or
minimize dehydration. Dangerous hyperhydration is also a neck heat sensations, and decreased performance. Early
risk if athletes drink based on published recommendations diagnosis of dehydration decreases the occurrence and
and not according to individual needs. severity of heat illness. A conscious, cognizant, dehy-
. Postexercise hydration should aim to correct any fluid loss drated athlete without gastrointestinal distress can aggres-
accumulated during the practice or event. Ideally com- sively rehydrate orally, while one with mental compromise
pleted within 2 hours, rehydration should contain water to from dehydration or gastrointestinal distress should be
restore hydration status, carbohydrates to replenish glyco- transported to a medical facility for intravenous rehydra-
gen stores, and electrolytes to speed rehydration. The tion. For a complete description of heat illnesses and issues
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12.

13.

14.

15.

16.

related to hyperthermia, see the NATA position statemeh?. Consider modifications when working with prepubescent
on heat illnesses. and adolescent athletes who exercise intensely in the heat
Inclusion of sodium chloride in fluid-replacement bever- and may not fully comprehend the medical and perfor-
ages should be considered under the following conditions: mance consequences of dehydration. Focus special atten-
inadequate access to meals or meals not eaten; physicaltion on schedules and event modification to minimize
activity exceeding 4 hours in duration; or during the initial ~ environmental stress and maximize time for fluid replace-
days of hot weather. Under these conditions, adding ment. Make available the most palatable beverage possi-
modest amounts of salt (0.3 to 0.7 g/L) can offset salt loss ble. Educate parents and coaches about rehydration and the
in sweat and minimize medical events associated with signs of dehydration. Monitor and remove a child from
electrolyte imbalances (eg, muscle cramps, hyponatremia). activity promptly if signs or symptoms of dehydration
Adding a modest amount of salt (0.3 to 0.7 g/L) to all occur.

hydration beverages would be acceptable to stimulat8. Large-scale event management (eg, tournaments, camps)
thirst, increase voluntary fluid intake, and decrease the risk requires advance planning. Ample fluid and cups should

of hyponatremia and should cause no harm. be conveniently available. With successive practice ses-
Calculate each athlete’s sweat rate (sweating rate  Sions during a day or over multiple days (as in most
pre-exercise body weight postexercise body weight summer sport camps), check hydration status daily before

fluid intake — urine volume/exercise time in hours) for a  allowing continued participation. Be aware of unhealthy
representative range of environmental conditions, prac- Pehaviors, such as eating disorders and dehydration in
tices, and competitions (Table 3). This time-consuming Weight-class sports. Use extra caution with novice and
task can be made easier by weighing a large number of unconditioned athletes, and remember, many athletes are

athletes before an intense 1-hour practice session and then "0t Supervised on a daily basis. If the WBGT dictates,
reweighing them at the end of the 1-hour practice. Sweat MOdify events (change game times or cancel) or change

rate can now be easily calculated (do not allow rehydration 9&Me dynamics (insert nonroutine water breaks, shorten
or urination during this 1 hour when sweat rate is being 9&me times). Recruit help from fellow athletic trainers in

determined to make the task even easier). This calculation local schools, student athletic trainers, and_ath_letes from
is the most fundamental consideration when establishing a other sports tlo ensure tgat hydration is ma&r};amed ?tlg"
rehydration protocol. Average sweat rates from the scien- venues (ie, along a road race Cﬁurse_, on different fields
tific literature or other athletes can vary from 0.5 L/h to during a tournament). Be sure all assistants can commu-

: nicate with the supervising athletic trainer at a central
Ts%re than 2.5 L/h (0.50 to 2.50 kg/h) and are not ideal to location. For successive-day events, provide educational

Heat acclimatization induces phvsiologic changes that materials on rehydration principles to inform athletes and
SO , phy 9 anges parents of this critical component of athletic performance.
may alter individual fluid-replacement conslderatlons1

First, sweat rate generally increases after 10 to 14 days o Implementing a hydration protocol for athletes will only

heat exposure, requiring a greater fluid intake for a similar succeed if athletes, coaches, athletic trainers, and team
7 hysicians realize the importance of maintaining proper
bout of exercise. An athlete’s sweat rate should be reas- bhy P g prop

e X hydration status and the steps required to accomplish this
sessed after acclimatization. Second, moving from a cool

environment to a warm environment increases the overall ggﬁtaggﬁ are the most critical components of hydration
sweat rate for a bout of exercise. The athlete’s hydration

status must be closely monitored for the first week of Educate athletes on the effects of dehydration on physical
exercise in a warm environment. Third, increased sodiumperformance. ) _

intake may be warranted during the first 3 to 5 days of heatInform athletes on how to monitor hydration status.
exposure, since the increased thermal strain and associgtdgdonvince athletes to participate in their own hydration
increased sweat rate increase the sodium lost in sweatProtocols based on sweat rate, drinking preferences, and
Adequate sodium intake optimizes fluid palatability and Personal responses to different fluid quantities. .
absorption during the first few days and may decreageENncourage c_o_aches_ to mandate rehydr_atlon durlng_practlces
exercise-associated muscle cramping. After 5 to 10 days@nd competitions, just as they require other drills and
the sodium concentration of sweat decreases, and normadfonditioning activities. _ _ o
sodium intake suffices. e Have a scale accessible to assist athletes in monitoring

All sports requiring weight classes (ie, wrestling, judo, Weight before, during, and after activity.
rowing) should mandate a check of hydration status aProvide the optimal oral rehydration solution (water, CHOs,

weigh-in to ensure that the athlete is not dehydrated. A€lectrolytes) before, during, and after exercise.
USG less than or equal to 1.020 or urine color less than driMPlement the hydration protocol during all practices and

equal to 4 should be the upper range of acceptable o gmﬁs, and adapt it as ?eeﬂeg. i d rul dificati
weigh-in. Any procedures used to induce dramatic dehy- tomrﬁ'X,mengotﬁ;aggkivggssga?e du 'n.?ha: errg's?emr? tr:écﬁég?s
dration (eg, diuretics, rubber suits, exercising in a sauna) inimiz : ! WIth exercise | :

are strictly prohibited.

Hyperhydration by ingesting a pre-exercise glycerol aBACKGROUND AND LITERATURE REVIEW
water beverage has equivocal support from well-controlled

studies. At this time, evidence is insufficient to endorse t
practice of hyperhydration via glycerol. Also, a risk of sid
effects such as headaches and gastrointestinal distresBhysiologic Implications. All physiologic systems in the
exists when glycerol is consumed. human body are influenced by dehydratiohThe degree of

ehydration and Exercise
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Table 1. Sample Hydration Protocol Worksheet

Parameter to Consider

Example A: College
Soccer, Katie (60 kg)*

Example B: High School
Basketball, Mike (80 kg)*

1) WBGT
2) Sweat ratet
3) Acclimatized

4) Length of activity

6) Properly prehydrated
7) Individual container
8) Type of beverage

28.3°C (83°F)

1.7 L/h

Yes

2 45-minute halves

Game situation (maximal)

No (began —2% body weight)
Yes

5% to 7% CHOfZ solution

21.1°C (70°F)

1.2 L/h

No

4 10-minute quarters
Game situation (maximal)
Yes

No (just cups)

5% to 7% CHO solution

)
)
)
)
5) Intensity
)
)
)
)

9) Assess hydration status At halftime (with scale) No
0) Available breaks Halftime Quarters, half, timeouts
11) Amount given Maximal comfortable predetermined amount 200 mL at quarter breaks
given at half time (about 700 to 1000 L) 400 mL at half time
100 mL at 1 timeout/half
12) End hydration status —4.8% body weight Normal hydration
13) Hydrated body weight 60 kg 80 kg
Pre-exercise body weight 58.8 kg 80 kg
Halftime body weight 57.5 No measure
Postexercise body weight 57.1 80.1 kg

*Assumptions: Both are starters and play a full game.

TSweat rate determined under similar parameters described in example (ie, acclimatization state, WBGT, intensity, etc) under normal game
conditions (ie, no injury timeouts, overtime, etc).

Note: Keep results on record for future reference.

$CHO, carbohydrate.

Table 2. Indexes of Hydration Status found effects on physiologic function and athletic perfor-

% Body Weight m:wce. < th . tthe bod
Condition Change® Urine Color UsGt ~ Water is the major component of the human body, account-
ing for approximately 73% of lean body masBody water is
Well hydrated +1to —1 1or2 <1.010 distributed within and between cells and in the plasma. At rest,
g"_'”'r_ga' dfhydrat'On ‘; IO ‘g g °rg 11-812?‘11 -858 approximately 30% to 35% of total body mass is intracellular
'%Zr:)fg:aﬁon Teoto~ or Hell fluid, 20% to 25% is interstitial fluid, and 5% is plasrfa.
Serious dehydration -5 -6 ~1.030 Water movement between compartments occurs due to hydro-

- . . . . static pressure and osmotic-oncotic gradiérftBecause sweat
bA’dBOdV_ "::'/ght change :b[(po:e'ex‘?rﬁ'tse b?gg weight — postexercise 5 hypotonic relative to body water, the elevation of extracel-
ody weight)/pre-exercise body weight] x 100. lular tonicity results in water movement from intracellular to

TUSG, urine specific gravity. extracellular spaces.® As a consequence, all water compart-
See Figure for urine color chart and references. Please note that . p ) T q ! 810 P
obtaining a urine sample may not be possible if the athlete is seriously ments contribute to Wa?e_r deficit W'th dehydfat' : MO_St of
dehydrated. These are physiologically independent entities, and the ~the resultant water deficits associated with dehydration, how-
numbers provided are only general guidelines. ever, come from muscle and skihThe resulting hypovole-

ic-hyperosmolality condition is thought to precipitate many

lating the physiologic changes that contribute to decrementsd the physiologic consequences assqciajted Wi.th dehyd@ion.
performance is difficult, as any change in 1 system (ie, A major consequence of dehydration is an increase in core

cardiovascular) influences the performance of other systeffi§1Perature during physical activity, with core temperature
(ie, thermoregulatory, musculat). rising an additional 0.15 to 0.20 C for every 1%4of body
The body attempts to balance endogenous heat producti¥ight lost (due to sweating) during the activiy’® The
and exogenous heat accumulation by heat dissipation via cgfded thermal strain occurs due to both impaired skin blood
duction, convection, evaporation, and radiatiofihe relative flow and altered sweating resPO”_éégz, which is best illus-
contribution of each method depends on the ambient tempEated by the delayed onset of skin vasodilation and sweating
ature, relative humidity, and exercise intensity. As ambiehen a dehydrated person begins to exer2iEhese thermo-
temperature rises, conduction and convection decrease méa@gulatory changes may negate the physiologic advantages
edly, and radiation becomes nearly insignificAftHeat loss resulting from increased fitnéss*” and heat acclimatiza-
from evaporation is the predominant heat-dissipating mecHign.21.23 Additionally, heat tolerance is reduced and exercise
nism for the exercising athlete. In warm, humid conditiongime to exhaustion occurs at lower core temperatures with
evaporation may account for more than 80% of heat loss. hiypohydratiort*
hot, dry conditions, evaporation may account for as much asAccompanying the increase in thermal strain is greater
98% of cooling? If sufficient fluids are not consumed to offsetcardiovascular strain, as characterized by decreased stroke
the rate of water loss via sweating, progressive dehydratigplume, increased heart rate, increased systemic vascular
will occur. The sweating response is critical to body coolingesistance, and possibly lower cardiac output and mean arterial
during exercise in the heat. Therefore, any factor that limisessuré>—>* Similar to body temperature changes, the mag-
evaporation (ie, high humidity, dehydration) will have pronitude of cardiovascular changes is proportional to the water

dehydration dictates the extent of systemic compromise. |
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Table 3. Sample Sweat Rate Calculation*

A B C D E F G H J
Body Weight
Before After Sweat Loss Exercise Sweat Rate
Name Date Exercise Exercise ABW (C-D) Drink Volume Urine Volumet (E+F-G) Time (H/)
kg kg g mL mL mL min mL/min
(Ib/2.2) (Ib/2.2) (kg x 1000) (oz X 30) (oz X 30) (oz X 30) h mL/h
kg kg g mL mL mL min mL/min
(Ib/2.2) (Ib/2.2) (kg < 1000) (oz X 30) (oz X 30) (oz x 30) h mL/h
kg kg g mL mL mL min mL/min
(Ib/2.2) (Ib/2.2) (kg x 1000) (oz X 30) (oz X 30) (oz X 30) h mL/h
kg kg g mL mL mL min mL/min
(1b/2.2) (1b/2.2) (kg x 1000) (oz X 30) (oz X 30) (oz X 30) h mbL/h
Kelly K.t 9/15 61.7 kg 60.3 kg 1400 g 420 mL 90 mL 1730 mL 90 min 19 mL/min
(Ib/2.2) (Ib/2.2) (kg x 1000) (oz X 30) (oz X 30) (oz x 30) 1.5h 1153 ml/h

*Reprinted with permission from Murray R. Determining sweat rate. Sports Sci Exch. 1996;9(Suppl 63).
TWeight of urine should be subtracted if urine was excreted prior to postexercise body weight.
FIn the example, Kelly K. should drink about 1 L (32 oz) of fluid during each hour of activity to remain well hydrated.

deficit. For example, heart rate rises an additional 3 to 5 beatgportant factors when considering the motivation required by
per minute for every 1% of body weight lo§$The stroke- high-level athletes to maintain maximal performance.
volume reduction seen with dehydration appears to be due tdPerformance Implications. Studies investigating the role of
reduced central venous pressure, resulting from reduced blatshydration on muscle strength have generally shown decre-
volume and the additional hyperthermia imposed by dehydmaents in performance at 5% or more dehydrafiof>°->8
tion 514253234 The greater the degree of dehydration, the more negative the

Both hypovolemi and hypertonicity*>3"3°have impact on physiologic systems and overall athletic perfor-
been suggested as mechanisms for the altered thermoregulatoaynce.
and cardiovascular responses during dehydration. ManipulaMost studied®*>%°~®?that address the influence of dehy-
tion of each factor independently has resulted in decreas#@tion on muscle endurance show that dehydration of 3% to
blood flow to the skin and sweating respon$&s? Some 4% elicits a performance decremehiut in 1 study®® this
authors”**have argued that hypovolemia is primarily resporfinding was not supported. Interestingly, hypohydrated wrest-
sible for the thermoregulatory changes by reducing cardisrs who were working at maximal or near-maximal muscle
preload and may alter the feedback to the hypothalamus via #wivity for more than 30 seconds had a decrease in perfor-
atrial pressure receptors (baroreceptors). The hypothalamiance®® The environmental conditions may also play an
thermoregulatory centers may induce a decrease in the blawgbortant role in muscle endurangg?®
volume perfusing the skin in order to reestablish a normal The research concerning maximal aerobic power and the
cardiac preload. Some studt®4* have provided support for physical work capacity for extended exercise is relatively consis-
this hypothesis, but it is clearly not the only variable influendent. Maximal aerobic power usually decreases with more than
ing thermoregulation during hypohydration. Two hypothes&@9% hypohydratio. In the heat, aerobic power decrements are
explain the role of hyperosmolality on the thermoregulatorgxaggerated® Even at 1% to 2% hypohydration in a cool
system. Peripheral regulation may occur via the strong osmagiavironment*° loss of aerobic power is demonstrated. Two
pressure influence of the interstitium, limiting the availablenportant studies have noted a decrease in physical work capacity
fluid sources for the eccrine sweat glarfidddowever, while with less than 2% dehydration during intense exercise in the
this peripheral influence is likely, it seems more feasible thaeat®®®"When the percentage of dehydration increased, physical
central brain regulation plays the largest rbl&he neurons work capacity decreased by as much as 35% to €8%d
surrounding the thermoregulatory control centers in the hypphysical work capacity often decreased even when maximal
thalamus are sensitive to osmolalff’* Changes in the aerobic power did not chang&®*®>Hypohydration of 2.5% of
plasma osmolality of the blood perfusing the hypothalamimmdy weight results in significant performance decrements while
affect body water regulation and the desire for fluid consumpxercising in the heat, regardless of fithess or heat acclimation
tion.28:32.45]t is likely that both hypovolemia and hypertonicitystatus, although enhanced fitness and acclimation can lessen the
contribute to body fluid regulation. effects of dehydratioR? Partial rehydration will enhance perfor-

Potential changes at the level of the muscle tissue includenance during an ensuing exercise session in the heat, which is
possible increased rate of glycogen degradafiéfi;*’ elevated important when faced with the reality of sports situati®h& The
muscle temperatur®, and increased lactate levéfs.These performance decrements noted with low to moderate levels of
changes may be caused by a decrease in blood perfusion oftftyygohydration may be due to an increased perception of fatfgue.
muscle tissue during the recovery between contractfons.

The psychological changes associated with exercise i . .
dehydrated state should not be overlooked. Dehydration%ghymat'c‘rl and Exercise
creases the rating of perceived exertion and impairs mentaFactors Influencing Rehydration. The degree of environ-
functioning*** Dehydration also decreases the motivation tmental stress is determined by temperature, humidity, wind
exercise and decreases the time to exhaustion, even indpeed, and radiant energy load, which induce physiologic
stances when strength is not compromi3ed? These are changes that affect the rehydration proc€sé® Fluid intake

&17,35,36
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increases substantially when ambient temperature rises abglyeerol. However, another stutly found no benefits of
25°C; the rehydration stimulus can also be psycholodital. glycerol ingestion when the ensuing exercise took place in a
An athlete exercising in the heat will voluntarily ingest mor¢ghermoneutral environment. Hyperhydrating before exercise,
fluid if it is chilled.”®~"® Individual differences in learned even without glycerol, may enhance thermoregulatory func-
behavior also play a role in the rehydration procEsén tion**? and limit the performance decrements normally noted
athlete who knows that rehydrating enhances subsequent péth dehydration® while exercising in the heat (WBGF
formance is more apt to consume fluid before significai25°C). A key point is that the benefits associated with glycerol
dehydration occurs, so appropriate education of athletesuse seem to be negated when proper hydration status is
essential. maintained during exercise® However, many athletes are
The physical characteristics of the rehydration beverage aamable to maintain hydration, so hyperhydration may be
dramatically influence fluid replacemefit.”>"®Salinity, color, beneficial in extreme conditions when fluid intake cannot
sweetness, temperature, flavor, carbonation, and viscosity ratitch sweat loss.
affect how much an athlete drink&7>7°~8%Since most fluid ~ Rehydration during Exercise. Proper hydration during
consumed by athletes is with meals, the presence of amplercise will influence cardiovascular function, thermoregula-
fluid during meals and adequate amount of time to eat ai@y function, muscle functioning, fluid volume status, and
critical to rehydratior’® When access to meals is limited, axercise performance. This topic has been extensively re-
CHO-electrolyte beverage will help maintain CHO and elesdewed through the years, but some recent compilations are
trolyte intake along with hydration statf. especially notable.* Proper hydration during exercise enhances
Other factors that contribute to fluid replacement include theeat dissipation (increased skin blood flow and sweating rate),
individual's mood (calmness is associated with enhancéuits plasma hypertonicity, and helps sustain cardiac out-
rehydration) and the degree of concentration required by thet’®:119.120The enhanced evaporative cooling that can occur
task/* For example, industrial laborers need frequent breaks(ue to increased skin blood flow and maintained perfusion of
rehydrate because they must remain focused on a specific tagitking muscles) is the result of sustained cardiac filling
This need for concentration may explain why many eliteressuré® Rehydration during exercise conserves the centrally
mountain bikers use a convenient back-mounted hydratioimculating fluid volume and allows maximal physiologic
system instead of the typical rack-mounted water bottle. Thesponses to intense exercise in the heat.
back-mounted water reservoir may allow the cyclist to enhanceTwo important purposes of rehydration are to decrease the
rehydration while remaining focused on terrain, speed, gearate of hyperthermia and to maintain athletic perfor-
braking, and exertiofi’ Accessibility to a fluid and ease of mance35121A classic studj?? showed that changes in rectal
drinking may explain why athletes consume more fluid whileemperature during exercise depended on the degree of fluid
cycling compared with running in a simulated duathf8n.  intake. When water intake equaled sweat loss, rise in core
Hydration before Exercise. An athlete should begin exer-temperature was slowest when compared with ad libidum
cising well hydrated. Many athletes who perform repeatedater and no-water groups. This benefit of rehydration on
bouts of exercise on the same day or on consecutive days tagrmoregulatory function is likely due to increased blood
become chronically dehydrated. When a hypohydrated athlgume!23reduced hyperosmolaliti?* reduced cellular deRy
begins to exercise, physiologic mechanisms are compuration}? and improved maintenance of extravascular fluid
mised®#89%%and the extent of the dysfunction is related to theolume?® Some studie’$”**®have not shown a physiologic
degree of thermal stress experienced by the atftefhletes or performance benefit when rehydration occurred during a
may require substantial assistance in obtaining fluids as etihour intense exercise session in mild environmental condi-
denced by the phenomena of voluntary (when individuals dritiions. The likely reason for a lack of benefit in these studies
insufficient quantities to replace fluid losses) and involuntanyas the fact that the exercise session did not elicit enough
dehydratiorf? sweat loss to cross the physiologic threshold of percentage of
Athletes should ingest 500 mL of fluid 2 hours before thbody weight loss (eg;-2%) that would negatively influence
event (which allows ample time to urinate excess fluid) tperformance and physiologic function. For example, in 1 of the
ensure proper hydration and physiologic function at the ons#tdies'?’ the subjects had only lost 1.5% of body weight at
of exercise’®**%*Mandatory pre-exercise hydration is physithe completion of the exercise session.
ologically advantageous and more effective than hydrationAthletes generally do not rehydrate to pre-exercise levels
dictated by often insufficient personal preferefie€®Ingest during exercise due to personal choieé2°fluid availability,">°
ing a nutritionally balanced diet and fluids during the 24 houtbe circumstances of competitiéhor a combination of these
before an exercise session is also crucial. Increasing CHg®tors. Athletes should aim to drink quantities equal to sweat and
intake before endurance activity may be beneficial for perfowine losses, and while they rarely meet this goal, athletes can
mancé€’~°°and may even enhance performance for activitigsadily handle these large volumes](L/h).130-132Additionally,
as short as 10 minuté&® but it may have a limited effect on athletes may not need to exactly match fluid intake with sweat loss
resistance exercis@! to maintain water balance given the small contribution of water
There has been recent interest in potential benefits fodm metabolic processés3
purposefully overhydrating before exercise to postpone theAppealing to individual taste preferences may encourage
onset of water deficit3.102-108\\hile an enhanced hydrationathletes to drink more fluids. In addition, including CHOs
state is often reported with glycerol use, this does not alwagsd electrolytes (especially sodium and potassium) in the
translate into a performance improvemé&A recent stud2© rehydration drink can maintain blood glucose, CHO oxida-
found increased exercise time and plasma volume duritign, and electrolyte balance and can maintain performance
exercise to exhaustion in the heat when subjects were rehy-
drated with water and glycerol before exercise as compared
with rehydration using an equal volume of water withoutReferences 6, 27, 71, 76, 79, 107, 108, 114-118.
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if the exercise session exceeds about 50 minutes in dunaany body processes, including the cardiovascular, thermo-
tion.’9:118:130.134-1520|50  recent evidenc@>'®*indicates regulatory, and metabolic activitiés®’-178180.181
that athletes performing extremely intense intermittent ac-Based on volume and osmolality, the best fluid to drink after
tivity with total exercise times of less than 50 minutes magxercise to replace the fluids that are lost via sweating may not
benefit from ingestion of CHOs in the rehydration beveragbe water’*182-184Consuming water alone decreases osmolal-
Rates of gastric emptying and intestinal absorption shoutgl, which limits the drive to drink and slightly increases urine
also be considerett8155-160F|yid volumeX®* fluid calorie output. Including sodium in the rehydration beverage (or diet)
content, fluid osmolality, exercise intensft}? environmental allows fluid volume to be better conserved and increases the
stresst®? and fluid temperatuf@’ are some of the most drive to drink/125178.184=18f¢|yding CHOs in the rehydra-
important factor€® in determining the rates of gastric emptyingion solution may improve the rate of intestinal absorption
and small intestine absorption (the small intestine is tlid sodium and watéf8178 and replenishes glycogen
primary site of fluid absorption). The single most importargtores:*®187188 Replenishing glycogen stores can enhance
variable may be the volume of fluid in the stomd€i®* performance in subsequent exercise ses$t9rs° and may
Maintaining 400 to 600 mL of fluid in the stomach (or theenhance immune functiofi* While a normal diet commonly
maximum tolerated) will optimize gastric emptyifglf CHOs restores proper electrolyte concentratiétfanany athletes are
are included in the fluid, the concentration should be 4% to 8%arced to rehydrate between exercise sessions in the absence of
Concentrations higher than 8% slow the rate of fluid absormeals'’®In addition, some athletes’ meals are eaten as long as
tion.*®>1%% |ntense exercise80% of VO, max) may also 6 hours after an exercise session, which may compromise
decrease the rate of gastric emptyiig.Frequent ingestion electrolyte availability during rehydration after intense exercise
(every 15 to 20 minutes) of a moderate fluid volume (200 mlih hot conditions.
may be ideal, but it is not feasible in sports with extended While replenishing fluid to equal sweating losses is often
periods between breaks. The rates of gastric emptying amg¢ommended, this formula does not replace urine losses.
intestinal absorption likely influence the speed of movement bigestion equal to 150% of weight loss resulted in optimal
the ingested fluids into the plasma voluﬁr?gSince the gastric rehydration 6 hours after exerciS€.
emptying and intestinal absorption rates are not compromiseddssessment of Hydration StatusBody weight changes,
with the addition of a 6% carbohydrate solution as comparedine color, subjective feelings, and thirst, among other indi-
with water, fluid replacement and energy replenishment acators, offer cues to the need for rehydrattdhwhen prepar-
equally achievabl&'6.167-171The rate of gastric emptying ising for an event, an athlete should know the sweat rate, assess
slowed®3*"?py significant dehydration¥4%), which com- current hydration status, and develop a rehydration plan.
plicates rehydration and may increase gastrointestinal discobeterminations of sweat rate can be mad&** Hydration
fort.*¢3172 Regardless, rehydration will still benefit the athstatus can be assessed by measuring body weight before and
lete’s hydration statu’? after exercise sessions; monitoring urine color, USG, or urine
Rehydration during exercise is also influenced by the statevaflume; or using a combination of these factbt$1°°A urine
acclimatization of the athlete. Heat acclimatization is achievedlor chart is included in this manuscript (Figut&y. The
after 5 to 10 days of training in a hot environment and wiljeneral indexes of hydration status are provided in Table 3. A
increase sweat rate, decrease electrolyte losses in the swe#ftactometer offers a precise reading of USG and can be used
and allow athletes to better tolerate exercise in the Hédt’* as a general indicator of hydration state. A reading of less than
Heat acclimatization modestly increases rehydration needs du@10 reflects a well-hydrated condition, while a reading of
to greater sweating. Fortunately, an athlete who is heat acatiere than 1.020 reflects dehydratibif.Urine osmolality and
matized has fewer deficits associated with dehydrafand urine conductivit;/ may also be useful tools in assessing
tends to be a “better” voluntary drinker (ingests fluid earlignydration status?
and more ofteny:** The hydration plan should take into account the length of the
An athlete who exercises for more than 4 hours and hydraggent, the individual's sweat rate, exercise intensity, the
excessively (well beyond sweat loss) only with water demperature and humidity, and the availability of fluids (is
low-solute beverages may be susceptible to a relatively rdhéid constantly available, as in cycling, or is it consumed in a
condition known as symptomatic hyponatremia (also known ksge bolus during a break?). Habits of the coach or athlete, or
water intoxication).6-108.176.177Jltimately, the body cannot both, may need to be altered in order to maximize the hydration
excrete the consumed fluid rapidly enough to prevent intrac@Focess. Any plan for rehydrating during competition should
lular swelling, which is sufficient to produce neuropsychologse instituted and perfected during practice sessions; it should
ical manifestations. Patients present with serum sodium levalso be individually implemented, given the large variation
below 130 to 135 mmol/L, and the sequelae of hyponatremaanong people in what constitutes a “comfortable” amount of
can result in death if not treatéd’ The condition can most rehydration:°®**° A sample hydration protocol for preparing
likely be avoided if sodium is consumed with the rehydratioan elite athlete for an event has been documetfied.
beverage and if fluid intake does not exceed sweatComposition of Rehydration Fluid. During exercise, the
losseg/®79:108 body uses 30 to 60 g of CHOs per hour that need to be replaced
Every athlete will benefit from attempting to match intakéo maintain CHO oxidation and delay the onset of glycogen
with sweating rate and urine losses. Individual differences exipletion fatigue®*~2°°Thus, including 60 g of CHOs in 1 L
for gastric emptying and availability of fluids during particulaiof fluid will not hinder fluid absorption and provides an
sports. Rehydration procedures should be tested in practice addquate supply of CHOs during or while recovering from an
individuall%/ modified to maximize performance in competiexercise bout. The CHO concentration in the ideal fluid-
tion 97+108.116.156 replacement solution should be in the range of to 6% to 8%
Rehydration after Exercise. Replenishing fluid vol- (g/100 mL)*" The simple sugars, glucose or sucrose in simple
ume 8% and glycogen stores is critical in the recovery obr polymer form, are the best additives to the replacement
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fluid. Absorption is maximized if multiple forms of CHO arenontraditional water breaks (especially in youth sports and
ingested simultaneously (ie, fluid is absorbed more quickpractice situations) will reduce the rate of heat illness. Closely
from the intestine if both glucose and fructose are present thaonitoring environmental conditions via the WBGT or the
if only glucose is presentf)”1¢:2%6The amount of fructose in heat index will allow an informed approach to hydration and
the beverage should be limited to about 2% to 3% (2 to 3 g/18@eat modification. Athletes who are educated on how to
mL of the beverage), since larger quantities may play a role pimevent and recognize dehydration are empowered to partici-
decreasing rates of absorption and oxidation and causipate actively in implementing their own hydration protocols,
gastrointestinal distres87-207 Ultimately, CHO composition thereby enhancing both performance and safety. The person
depends on the relative need to replace fluids or CHOs. Durirggponsible for the medical supervision of an event should have
events, when a high rate of fluid intake is necessary to sustaindetailed plan to address facilities, equipment, supplies,
hydration, the CHO composition should be kept low (€§%) staffing, communication systems, education, and implementa-
to optimize gastric emptying and fluid absorption. Duringion of event policy213.215-220

conditions when high rates of fluid replacement are not as

necessary (ie, during recovery from an exercise session, milg
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