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OVERVIEW

• Physiological importance of hydration

• Effects of dehydration on performance

• Sweat rate estimation

• Fluid absorption and gastric emptying

• Hydration and rehydration recommendations



60%
WATER

Waste excretion, blood volume & pressure regulation, 
transport of oxygen & nutrients, heat transfer

WATER 

Presenter
Presentation Notes
Water is the largest component of the human body. In fact, water accounts for approximately 60% of body weight in the average adult.
Body water plays an important role in numerous physiological processes. It functions as a solvent and provides a means of transportation of materials throughout the body.  
So what this means is that water is important for excretion of wastes; blood volume and blood pressure regulation; transport of oxygen and nutrients to the brain and exercising muscles; and water also plays an important role in body temperature regulation by transferring heat out of the body.




Cardiovascular function

Body temperature regulation

Performance

HYDRATE TO SUPPORT

Presenter
Presentation Notes
Hydration is important for cardiovascular function, body temperature regulation, and performance
Both water & sodium are important for rehydration
Fluid intake needs can be estimated by change in body weight: During exercise, the recommendation is to drink enough fluid to avoid significant dehydration; After exercise, the recommendation is to drink 24 oz. of fluid per 1 lb. deficit if rapid rehydration is needed




Impairs the ability to remove heat

Leading to:
Cardiovascular strain
Increased glycogen use
Altered metabolic & CNS function
Decreased fluid absorption
Risk of heat illness

DEHYDRATION

SSE#196

Gonzalez-Alonso, J. Sports Science Exchange. 2019;29(196):1-7.
Thomas TD, Erdman KA, Burke LM. Med Sci Sports Exerc. 2016;48(3):543-68.

https://www.gssiweb.org/en/sports-science-exchange/Article/new-ideas-about-hydration-and-its-impact-on-the-athlete-s-brain-heart-and-muscles


>2% Can impair performance, especially in 
the heat 

Thomas TD, Erdman KA, Burke LM. Med Sci Sports Exerc. 2016;48(3):543-68

DEHYDRATION

Increases physiological strain 

Presenter
Presentation Notes
A little dehydration is ok.  It’s when losses reach about 2% change in body weight performance is impaired…

If desired here, can speak to the theories of drink to thirst vs developing a hydration plan based on body weight.  Are preference is to have a plan since thirst is not always a good indicator, and by having a plan the athlete knows how much they need to avoid both under and over-drinking, and is fully prepared for competition



SWEAT RATE
~1-2 L/h

SWEATING
Cools the Body

Presenter
Presentation Notes
When an athlete exercises, heat is created within the body – sweating and the evaporation of sweat from the skin surface is the primary mechanism by which the body cools itself. So, sweating is important to prevent dangerous increases in body core temperature.
Sweat rate typically falls in the range of 1-2 liters per hour, but can be lower or higher. Individual sweat rate is determined mostly by genetics, but also by environmental and exercise conditions.
Replacing these fluid losses is important to maintain the body’s hydration.
Since sweat rate is so variable, it’s important that athletes measure their individual sweat rate (by measuring body weight change from before to after one exercise session). For more details about how to determine sweat rate, please watch the “Perform” session of our presentation series. 




Humidity 

Temperature Environment
& Equipment

Training Status
& Intensity

FACTORS INFLUENCING SWEAT RATE

Presenter
Presentation Notes
Temp, humidity, environment, training status, all play a role in how well you maintain body water, or how fast you might dehydrate during exercise. 





Sawka MN, Cheuvront SN, Kenefick RW. Sports Science Exchange. 2015;28(152):1-5

SWEAT RATE

SSE#152

https://www.gssiweb.org/en/sports-science-exchange/Article/sse-152-hydration-and-aerobic-performance-impact-of-environment


INTAKE ABSORPTION DISTRIBUTION RETENTION

2 3 41

PHASES OF HYDRATION

Presenter
Presentation Notes
Hydration is a process that starts with ingestion; followed by absorption of the fluid through the intestines; then distribution of the fluid throughout the body, including the blood and the cells; and finally retention or excretion of the fluid by the kidneys.
During the rest of this presentation, I will take you through the various factors that affect these four processes.



FLUID 
INTAKE



(Modified from) Baker LB & Jeukendrup AE. Compr Physiol. 2014;4(2):575-620

CENTRAL NERVOUS 
SYSTEM

INCREASED 
PLASMA 

OSMOLALITY

HYPOVOLEMIA

OROPHARYNGEAL 
FACTORS

DRY MOUTHORAL METERING
(swallowing)

BEVERAGE

AVAILABILITY

Temperature

Flavor

Texture

Composition

PERCEIVED 
THIRST

PHYSIOLOGICAL
THIRST

THIRST & FLUID FACTORS 

Presenter
Presentation Notes
The sensation of physiological thirst is stimulated by either a decrease in the amount of water in the blood (also called hypovolemia) or by /increased plasma osmolality (which is the concentration of dissolved particles, such as sodium or glucose sugar particles, in the blood). Both of these changes occur during dehydration due to sweating.
The perception of thirst can also be increased or decreased by signals arising from the mouth, throat, and stomach.  
However, other factors, unrelated to thirst and hydration status, can also affect how much fluid an athlete consumes. These include how much an athlete likes a beverage, availability, as well as social and cultural factors (for instance, an athlete may be more likely to drink a beverage based on the choosing of a certain beverage by peers and/or may opt to drink more or less based on what is considered the norm of the region, such as the popularity of tea in the UK and China).
You are already dehydrated when physiological thirst is stimulated.
Thirst lags behind fluid needs
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(Modified from) Robertson GL. Kidney Int. 1984 Feb;25(2):460-9

Presenter
Presentation Notes
Here is a graphic to illustrate this concept. On the x-axis we have plasma osmolality; as a reminder osmolality is the concentration of dissolved 
particles in the blood. On the left-hand y-axis we have antidiuretic hormone, (ADH is a signal of dehydration sent to the kidneys to minimize urinary fluid 
loss). On the right-hand y-axis we have individual ratings of thirst.  
A well-hydrated person has a plasma osmolality of ~285. As dehydration increases, ADH also increases. However, ratings of thirst do not increase 
until ~292. Thus, the threshold for thirst lags behind body hydration changes 
and therefore, it lags behind an athletes’ true fluid needs.




Planned Drinking Drink to Thirst
Longer duration activities > 90 min

Particularly in the heat
High intensity

High sweat rates
When performance is a concern

When carbohydrate intake of 1 g/min

Short duration activities < 60 to 90 min
Cooler conditions

Lower intensity

Kenefick RW. Sports Science Exchange. 2018;29(182)

PLANNED VS DRINKING TO THIRST

SSE #182 

Presenter
Presentation Notes
The Sports Science Exchange article #182 covers the topic of FLUID INTAKE STRATEGIES FOR OPTIMAL HYDRATION AND PERFORMANCE in detail. The overarching goal of an athlete’s hydration plan is to drink to prevent significant hypohydration (>2% BML) while also avoiding body mass gain. The main takeaway is that there is no one-size fits all hydration plan that works for every person and for every workout. The most appropriate plan may vary depending on a number of factors.  For example, for longer duration workouts…particularly intense exercise in the heat…and for training or competition where you have specific carbohydrate intake needs, it is recommended to go into the workout with a plan…about how much…and what type of fluid you should consume to meet your individual hydration and fueling needs.

On the other hand, for shorter duration exercise, or low intensity workouts, or when training in cool conditions, drinking to thirst, that is, using the sensation of thirst as the only prompt to drink during exercise, is usually sufficient to prevent significant body fluid deficits.


https://www.gssiweb.org/en/sports-science-exchange/Article/fluid-intake-strategies-for-optimal-hydration-and-performance-planned-drinking-vs.-drinking-to-thirst


Despite having access to cool palatable fluid, 
athletes typically dehydrate during exercise.

VOLUNTARY DEHYDRATION

Osterberg KL, Horswill CA, Baker LB. J Athl Train. 2009;44:53-57.
Passe D, Horn M, Stofan J, et. al. IJSNEM. 2007;17:284-295.

Greenleaf & Sargent. J Appl Physiol. 1965;20:719-724.

Presenter
Presentation Notes
This can lead to a phenomenon known as voluntary dehydration. This means that, despite having access to cool palatable fluid, athletes still dehydrate during exercise and after exercise, they replace some but typically not all of their fluid losses.
Athletes do not drink enough to maintain hydration during training or competition, even when fluid is easily available
Research shows that voluntary dehydration occurs not only in laboratory studies but also with athletes in the field, including endurance events and team sports. To compound the problem, athletes commonly show up to practice or competition inadequately hydrated.




DRINKING & DEHYDRATION

SSE#152

Sawka MN, Cheuvront SN, Kenefick RW. Sports Science Exchange. 2015;28(152):1-5

https://www.gssiweb.org/en/sports-science-exchange/Article/sse-152-hydration-and-aerobic-performance-impact-of-environment


Effects of progressive dehydration

SLOWER SPRINT SPEED AND FEWER SHOTS MADE AS LEVEL OF DEHYDRATION INCREASES

Baker LB, Dougherty KA, Chow M, et. al. Med Sci Sports Exerc. 2007;39:1114-1123.

DEHYDRATION

FULLY HYDRATED

2% DEHYDRATED

4% DEHYDRATED

Presenter
Presentation Notes
It is suggested to prevent significant dehydration, defined as a greater than 2% loss of body weight, because it can be associated with impaired performance.
For example, one study showed that, when dehydrated, basketball players ran significantly slower in sprinting drills during a simulated game.  
Let’s watch the animation to see what happens as our players attempt to run a sprint while hydrated, 2% dehydrated, or 4% dehydrated…  
The same study showed that dehydration also impaired sport-specific skills, including shooting performance.




SWEAT RATE ESTIMATION

WEIGHT LOSS + FLUID INTAKE
SWEAT RATE (L/H) =

DURATION OF EXERCISE (HRS)

1 LB WEIGHT LOSS = 16 OZ OF SWEAT LOSS

Maughan & Shirreffs. Scand J Med Sci Sports. 2010;20:40-47. 

Presenter
Presentation Notes
We can help an athlete know their own sweat rate by monitoring body weight changes before and after exercise.
Weight lost during exercise is due to fluid loss, since it’s impossible to lose body fat that quickly! We can assume 1 pound of lost weight is equal to about 16 oz of fluid.
In order to estimate sweat rate in L/hour, add weight lost and fluid consumed during exercise, divided by the duration.
To be most accurate, conduct the test in the environment where the athlete typically trains and competes, weigh any fluid the athlete may consume before and after to obtain an exact amount consumed, and wipe off excess sweat with a clean towel before the second body weight measurement
To help make these calculations, look for instructions and a fluid loss calculator on the GSSI website
Visit GSSIweb.org for a Fluid Loss Calculator tool. 

Fluid intake summary: 
Relying solely on thirst to gauge fluid needs can lead to excessive under- and over-drinking, both of which should be avoided. Thus, a planned hydration strategy is recommended. This involves knowing your sweat rate and drinking enough fluid to prevent a significant loss in body weight. 




FLUID 
ABSORPTION



Gastric volume
Energy content
Carbohydrate type
Body position
Dehydration
Exercise intensity
Beverage osmolality
Beverage pH

FACTORS IN GASTRIC EMPTYING

Presenter
Presentation Notes
The rate of gastric emptying is controlled by numerous factors, including beverage amount, beverage composition, and exercise 
intensity. One of the more important factors is the amount of calories in the ingested beverage. 



IMPORTANCE OF ENERGY DENSITY

Murray R, Bartoli W, Stofan J, et. al. Int J Sports Nutr. 1999;9:263-274

6% CARBS WATER 8% CARBS

Presenter
Presentation Notes
Caloric content increases in direct proportion to the carbohydrate concentration of the beverage. For example, a 6% carbohydrate solution (such as Gatorade Thirst Quencher) contains 60 grams of carbohydrate and ~240 calories per liter of fluid. An 8% carbohydrate solution contains 80 grams of carbohydrate and ~320 calories per liter of fluid.
One study compared the gastric emptying rate of water and sports drinks.  
In each trial the subjects ingested the same volume of either water, a 6% carbohydrate solution or an 8% carbohydrate solution. 
To determine the effect of carbohydrate concentration on gastric emptying, the investigators measured the volume of ingested 
beverage remaining in the stomach after 90 min of cycling.
They found that the 6% carbohydrate solution emptied as quickly as water. There was more of the 8% carbohydrate solution remaining in the stomach resulting in gastrointestinal distress as well as slower delivery of fluid to the body.






When to Add Carbohydrate

If an athlete is training or competing for 60 minutes or longer 
with a performance goal.

Add 30-60 g/h carbohydrate, resulting in no more than a 6% 
solution (6% = 14 g/8 oz).

Choose quickly oxidized carbohydrates to provide energy 
and minimize GI upset.

Thomas TD, Erdman KA, Burke LM. Med Sci Sports Exerc. 2016;48(3):543-68

CARBOHYDRATE



BLOODSTREAM

GLUCOSE

FRUCTOSE

INTESTINAL 
LUMEN

GLUCOSE

FRUCTOSE

SGLT1

GLUT5

INTESTINAL WATER ABSORPTION

Shi X, Summers RW, Schedl HP, et. al. Med Sci Sports Exerc. 1995;27:1607-1615



PLASMA

SGLT1

2 NA+

2 NA+

GLUCOSE

GLUCOSE

H2O

GLUT 5
FRUCTOSE

FRUCTOSE

DRTS
SUCROSE

FRUCTOSEGLUCOSE

Shi X, Summers RW, Schedl HP, et. al. Med Sci Sports Exerc. 1995;27:1607-1615

INTESTINAL WATER ABSORPTION

Presenter
Presentation Notes
Determined by: 
Amount of carbohydrate
Multiple transportable carbohydrates
The next step is intestinal fluid absorption. This process is dictated primarily by the amount and type of carbohydrate ingested.  
The rate of fluid absorption is inversely related to the concentration of carbohydrate. That is higher amounts of carbohydrate decrease intestinal fluid absorption and lower amounts increase absorption. However, the inclusion of multiple types of carbohydrates (e.g., glucose and fructose, as opposed to just glucose) can improve fluid absorption. 
These are carbohydrate transporters in the intestine which aid in carbohydrate absorption. Think of them as toll booths. When a beverage contains solely glucose, then it is utilizing only this SGLT for absorption. In this case there is only one toll booth through which the carbohydrate can enter the body.  
However, if the ingested beverage contains both glucose and fructose, then the GLUT-5 transporter is also used. In this case, two toll booths are now open which speeds carbohydrate absorption. And, since the absorption of water follows carbohydrate absorption, then multiple transportable carbohydrates also speed water absorption.







Importance of drinking pattern

Presenter
Presentation Notes
Waiting to drink until after dehydration has already accrued (i.e., drinking to thirst) could affect GI comfort
≥ 3% dehydration is associated with ↓ gastric emptying and ↑ GI symptoms
Not only is beverage composition important, but so is the pattern of fluid intake.
Studies have shown that dehydration results in delayed emptying of fluids from the stomach and increased gastrointestinal distress. 
Train the gut to accept fluids
 Stomach comfort and fluid tolerance can improve with training



FLUID 
DISTRUBUTION 
& RETENTION



INTRACELLULAR 
FLUID

EXTRACELLULAR 
FLUID

Potassium

Sodium

FLUID & ELECTROLYTE DISTRIBUTION

Presenter
Presentation Notes
Total body water can be divided into two compartments – the intracellular space, which includes water inside muscle and brain cells and the extracellular space, which includes fluid in the space between cells and the plasma (or the water portion of the blood).
Sodium is the primary extracellular electrolyte. So consuming sodium during exercise helps maintain blood sodium concentration.  
Sodium 



Better maintenance 
of blood sodium concentration

CONSUMING SODIUM PROVIDES:

Better maintenance of plasma volume

SODIUM



URINE VOLUME URINE VOLUME

BEVERAGE WITH SODIUM WATER
BLOOD OSMOLALITY

BLOOD SODIUM

REABSORPTION

BLOOD OSMOLALITY

BLOOD SODIUM

REABSORPTION

SODIUM & FLUID RETENTION

Maughan, RJ & Leiper JB, Eur J APPL Phys. 1995;71:311-319

Presenter
Presentation Notes
The presence of sodium in a fluid replacement beverage is also important for whole-body fluid retention. When an athlete is rehydrating after exercise, we want the fluid to stay in the body as opposed to losing it through urination.  
When plain water is consumed, it dilutes blood sodium concentration, which turns off the signal to the kidney to reabsorb water. This results in increased urine volume.
By contrast, when a sodium-containing beverage is consumed, blood sodium concentration is increased, which in turn stimulates the reabsorption of water in the kidneys so that less urine is formed. 
Fluid retention increases in direct proportion to beverage sodium concentration.
For example, one study has compared different sodium beverages and found that urine volume decreased progressively as beverage sodium concentration went from low, to moderate, to high concentrations.




Shirreffs SM, Taylor AJ, Leiper JB, et. al. Med Sci Sports Exerc. 1996;28:1260-1271

Replace up to 150% of fluid loss

20-24 oz / lb body weight

Sodium critical for complete rehydration

FLUID VOLUME & REHYDRATION

Presenter
Presentation Notes
The volume of fluid consumed during rehydration is also an important consideration.
One study dehydrated athletes to about 2% body weight deficit through exercise and heat stress.  Then, the investigators had the athletes consume a volume of sports drink equivalent to either 50%, 100%, 150%, or 200% of their fluid loss. Six hours after ingestion, overall fluid balance was negative with the 50% and 100% replacement trials. However, during the 150% trial, fluid balance was restored to baseline.  And, there was no clear advantage to drinking more than 150% of fluid loss.  
Experts recommend that to achieve rapid and complete rehydration after exercise, athletes should consume a moderate to high-sodium beverage in a volume equivalent to 150% of fluid loss. That is, 24 oz. of fluid intake for every 1 lb. of body weight lost over the course of an exercise session. This extra fluid volume helps compensate for urine excreted during the rehydration process.  



DURING
~16 oz/lb lost

AFTER
~20-24 oz/lb lost

Thomas TD, Erdman KA, Burke LM. Med Sci Sports Exerc. 2016;48(3):543-68

REHYDRATION RECOMENDATIONS

Presenter
Presentation Notes
During exercise everybody’s fluid needs are different.  An average sweat rate ~1L, but really can’t make general reccos.  To figure out the amount of fluid to drink during, base it on ~16 oz per pound lost

For recovery, an athlete should drink ~20-24 oz/lb lost to account for continued sweating and urination




Tournament 
play

Throughout 
day-long
competitions

During 
two-a-day 
practices

After weigh-ins

REHYDRATION IS IMPORTANT…

X2

Shirreffs S & Sawka M. Journal of Sports Sciences. 2011;29(1):S39-46

Presenter
Presentation Notes
The rapid restoration of fluid balance is especially important when athletes need to participate in the next competition within a relatively short timeframe. This includes, two-a-day practices such as in in football, day-long competitions such as an ironman triathlon, tournament play in various sports such as tennis, or after weigh-ins in wrestling.
Otherwise, water and electrolyte replacement can usually be accomplished with normal eating and drinking practices when there is no sense of urgency.





Fluid Intake Water

Fluid Absorption Carbohydrate

Fluid Distribution Sodium

Fluid Retention Sodium

REHYDRATION BEVERAGES

Phase of Rehydration Beverage Component



Before:  Drink ~5-7 mL/kg of fluids with sodium ~4 h prior and another 3-5 
mL/kg ~2 h prior if athlete cannot urinate or the urine is dark

During:  Amount of fluid based on sweat rate

After:  20-24 oz/lb lost

Shirreffs S & Sawka M. Journal of Sports Sciences. 2011;29(1):S39-46

HYDRATION RECOMMENDATIONS



Exercise 
Associated 
Muscle Cramps

• The cause and treatment of exercise-
associated muscle cramps (different from 
whole-body cramping) is not well 
understood

• Some cramps may be associated with 
disturbances of water and salt balance, 
but not all

• When water and salt losses are high, 
drinks containing electrolytes, especially 
sodium, should be used rather than plain 
water

Maughan RJ & Shirreffs SM. Sports Science Exchange. 2019;29(200):1-6.

SSE#200

HOT TOPIC

https://www.gssiweb.org/en/sports-science-exchange/Article/exercise-associated-muscle-cramp


PUTTING IT TOGETHER

SSE#141

American 
Football
Example

Adams WM & Casa DJ. Sports Science Exchange. 2015;28(141):1-5

https://www.gssiweb.org/en/sports-science-exchange/Article/sse-141-hydration-for-football-athletes


KEY 
TAKEAWAYS

 Sweating cools the body, but dehydration 
impairs the ability to lose heat. 

 Athletes should aim for no greater than 2% body 
weight loss during exercise.

 For exercise where performance is a goal, and in 
hot, humid environments, athletes should have a 
drinking plan based on their unique sweat 
profile.

 A small amount of carbohydrate (6%) does not 
delay gastric emptying of fluid and provides 
energy.

 Sodium helps retain fluid with proper 
distribution.



www.GSSIweb.org

https://www.gssiweb.org/
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