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Concerns 

Open any exercise physiology textbook and the two 
main contributors to fatigue are:

Drop in blood volume from dehydration

and THEN

Carbohydrate depletion/low fuel



Concerns 

Training: how to maximize training efforts for 
adaptation?

Racing: how to avoid power decline and maintain a 
kick when needed?

Environmental (primarily heat and altitude):

Heavy sweaters, increased resting water losses,            
cramping, heat illness?



What is “hydration”?

 Equilibration of total body water (TBW)

 Antonyms: Hypo-hydration and Dehydration

 Hypohydration: “low body water”

 Dehydration: “removal of water”; medically- body 
contains an insufficient volume of water for normal 
functioning. 

 Hyperosmotic hypovolaemia: too many solutes, too 
little water (often associated with salt tablet intake)



Hydration: What is it?

 I drink. I am hydrating.

 Water?

 Body’s physiology

 Competition between skin and muscles during 
exercise



Hydration: What is it?

Blood Volume:  the water component and all the cells

Water component = plasma volume

(Sweat: decreases plasma volume)

Body perceives the drop, pulls fluid from other spaces

How?   Gradients, hormonal responses



Impact on Performance

 Biggest concern is the competition between blood to 
the skin for heat dissipation, and blood to the 
working muscle for metabolism

 Inadequate hydration = drop in blood volume

-> skin wins



Impact on Performance

“The ability of an organism to keep its body temperature 
within certain boundaries, even when the 
surrounding temperature is very different”

For humans, keeping core temperature between 
~37’C and critical core temperature of 40’C.

**Maintaining effective circulation- skin blood 
flow can directly affect performance outcome**

Thermoregulation of the body is regulated using water 
and HIGHLY sensitive to dehydration



Impact on Performance

 Endurance performance depends on perfusion

 Muscle metabolism

 Heat dissipation

 Tissue nutrition

 Blood volume essential, more so in heat

 Sweating reduces plasma volume (PV), and 
cutaneous pooling also reduces stroke volume

 Fluid loss can exceed intake; gastric emptying

 Max sweat rates can be 1.5 - 3.0 L/h but gastric 
emptying max rates are only 0.8 – 1.3L/h





Total Body Water
 Approximately 63% of entire body mass is water

 Greater than 50% of Blood Plasma is water

 Water is the medium for biochemical and metabolic 
reactions

 Thermoregulation of the body is regulated using water 
and the body is highly sensitive to dehydration

 Water is used to control the highly sensitive acid-base 
balance of the body



Low Total Body Water =
Hypohydration

 Not “Dehydrated” as is less than 2-3% body mass 
reduction.

 Most people are somewhat hypohydrated

 Water doesn’t work to rehydrate, need some sodium 
(Vrijens, D. M. J., and N. J. Rehrer. Sodium-free fluid ingestion decreases plasma 
sodium during exercise in the heat. J Appl Physiol 100: 1847–1851, 1999).

 Hypertonicity and hypovolemia both contribute to 
reduced heat loss and increased heat storage



Hypohydration:  
1. The water deficit lowers both intracellular and 

extracellular fluid volumes, and causes a hypotonic–
hypovolemia of the blood. 

2. Aerobic exercise tasks are likely to be adversely effected 
by hypohydration (even in the absence of heat strain), 
with the potential affect being greater in hot 
environments. 

3. Hypohydration increases heat storage by reducing 
sweating rate and skin blood flow responses for a given 
core temperature. 



Hypohydration:  

~2% body weight loss impacts exercise performance:

Decreases VO2max

Increases cardiac strain, decreases stroke volume (cutaneous 
blood flow)

Increased plasma osmolality increases rate of core 
temperature rise

Decreases water available for thermoregulation (sweat 
capacity)

Increases chance of “digging yourself a hole”

(Practical: Impacts training, thus adaptations…)



Fluid Balance-Homeostasis

 Start euhydrated to attenuate TBW loss during 
exercise-

 This will decrease heat load as more water =  
more sweat capacity = greater capacity to 
dissipate heat AND supply blood to the 
working skeletal muscle



Two directions of thought. Pick ONE

1. Specific “Hydration Beverage” with focus on 
increasing TBW/fluid retention. 

2. “Sports Beverage” for during- focus on fueling not 
hydration per se. (low CHO-availability fear)

 Combining the two concepts produces a suboptimal 
beverage that neither hydrates well nor provides 
adequate fueling choices.



Function of “Sports Drinks”

Typically formulated to: (order counts here!)

 Supply carbohydrate to increase available 

energy

 Provide electrolytes to replace losses via 

sweat**

 Prevent dehydration

 Conform to regulations (FDA)

 Be highly palatable (changeable depending on locale)



“Sports Drinks”
History and Marketing…

“The number one best-selling hydration drink on the 
market stems from a quick solution on a football field 
over 40 years ago.”

Glucose + salt + juice = better than water.

NOW: it’s all about calories and carbohydrate uptake

Where do you get your hydration??????



Problems of a “Sports Drink”
 Gastrointestinal distress

 Concentrations and types of carbohydrate- sex difference 
in absorption rates

 Not optimal to attenuate dehydration; works as an 
“effective” dehydrator (reverse water flux)

 Not optimal as fuel source

 Sodium concentrations often too low to maximize fluid 
uptake or meet sweat sodium losses (rate of Na+ loss: 0.8 
– 4.0 gm/h) 



Composition/Key Components

 Na+ type, ratio of Na+ to K+

 Osmolality- slightly hypotonic

 CHO: glucose vs. sucrose vs. fructose vs. 
maltodextrin

 Flavor/palatability

 Limit GI distress

 Volume: for gastric emptying, sweat rates



Sodium and Osmolality
1. Sodium is critical for co-transport in small 

intestine

2. Sodium Chloride vs. Sodium Citrate

 NaCl associated with higher osmolality, greater 
gastrointestinal distress; ok in lower concentrations

 Most common source of sodium in food, thus eating food will 
supply the chloride ion needed for osmotic gradient

 NaCitrate dual aspect:  water retention and buffering

 Na+ with water:  a greater amount of sodium can be added to a 
beverage resulting in a lower osmolality and greater H2O 
retention ;    Citrate- Krebs cycle and pH: enhances body’s own 
bicarb buffering



Sodium and Osmolality**
 The osmolality of the beverage is important –

A slightly hypotonic drink (<270 mmol/L) is ideal as 
plasma is ~280-290 mmol/L

Contribution to osmolality:

Electrolytes, carbohydrate

 Sugars impact gastric emptying and osmolality:
The lower the osmolality of the beverage, the greater the net water 

absorption, but greatest absorption with solutions containing one or 
more transportable substrate (Shi X et al. MSSE, 1996; 27:1607).

COMPOSITION of the fluid (sugars, sodium) impacts water flux moreso than 
osmolality (GISOLFI, C. V., G. P. LAMBERT, and R. W. SUMMERS.  MSSE, 2001, 33(6); 907–915.)

**Sex differences should be considered**



Carbohydrates
 Sucrose/glucose drinks promote the greatest water and sodium 

absorption, but stimulate only a moderate amount of 
carbohydrate absorption.

 Glucose/fructose solution induced the highest carbohydrate 
absorption and a moderate water absorption, but the lowest 
sodium absorption. Fructose is assimilated via facilitated 
diffusion and does not need sodium for absorption. Fructose is 
also associated with gastrointestinal distress.

 Fructose contributes to greater GI distress in women, in hot conditions, and contributes to 
fatty liver, even in athletes 

 Osmolality Sucrose and maltodextrins have the advantage of 
providing a high carbohydrate load without impacting 
osmolality as greatly as glucose-fructose combinations BUT 
contention with greater GI distress and reverse water flux 

aka osmotic diuresis.



Carbohydrates

Fructose: via ingestion vs via sucrose: 

 Fructose ingested has no rate-limiter. It must pass through the 
intestinal cell wall into the hepatic portal vein to go to the liver 
for “processing”. Passing through the intestinal cell wall works 
via gradients; a “dumping” of fructose can “overload” the 
system, causing fluid to flow back into the digestive tract =  GI 
distress. 

 The breakdown of sucrose yields glucose and fructose. The key 
here is the rate limiter:  Sucrase; the enzyme responsible for 
cleaving sucrose into the smaller parts. Glucose helps with the 
gradients across the membrane; for both water and fructose.



Carbohydrates

Maltodextrin: 

 Maltodextrin is an oligosaccharide; easily digestible, and rapidly 
absorbed (akin to glucose). It was initially developed as a food 
additive, but has become part of the sport nutrition world due to 
the high carbohydrate vs osmolality contribution. 

 Yes, better gastric emptying with maltodextrin (as can keep 
osmolality low) BUT the hydrolysis of the molecule significantly 
slows water absorption in the small intestines.



Electrolytes: 
Role in cramp prevention?

 Sodium  and Potassium:

 Potassium losses from sweat are minimal but major ion of 
intracellular space so essential component for rehydration

 Sodium has not been shown to prevent cramping; 
(tipping point, fatigue, protein denaturing)

 Salt tablets: more harm than good?

 Magnesium and Calcium: critical for excitation-
contraction coupling (at the level of the sarcolemma)



Sugar-Free Electrolyte tablets?

 Newer market answer to the 5-8% liquid calories

 Better alternative but doesn’t maximize fluid absorption: 
electrolytes are only a small part of the picture, you need 
glucose for the physiological mechanisms of fluid 
absorption

 Often sweetened with sorbitol or mannitol- sugar alcohols 
used in general population as laxatives; contribute to GI 
distress- moreso in women than men.

 Okay for a one-off, but not so for bottle after bottle.



Ongoing debate in the sport science world.

One Corner: ACSM+GSSI

Other Corner: Tim Noakes

Both are extremes, the truth is somewhere in the 
middle. 

How much to drink?





Objective measurements

 Hydration status (Usg)

 Power output

 Body weight change (more is more..)

 (Recovery)



Self Test

 Specific Standardization

 1 Week washout

 Controlled environment

 Calibrated power meter

 Distance vs time

Outcomes:  overall power output for TT, heart rate 
(reduced cardiac drift), hydration status post 
ride.



Take Home

1. Hydration = Maintenance of Blood Volume

2. “Bonking”= difference between low blood 
sugar and low blood volume.

 Functional Hydration: using a drink that works 
with the body’s physiology to maximize fluid 
uptake (see point 1)

 Real food to tailor nutritional needs (intensity, 

duration, environmental factors, training history, sex differences…)



Qs and Ás



The following slides are for the 

science “geeks” (a bit of in-depth 

explanation on fluid control)



Dehydration produces a need for water

Osmolality (expression of concentration) is the ratio of the 
amount of solute dissolved in a given weight of water: solute 
(osmoles)/water (kilograms)

Body water can decrease as a result of deprivation or sweating,
whereas solute can increase as a consequence of salt ingestion

Either water decrease or solute increase leads to an increase in
osmolality and consequent thirst exercise thirst

So – what is the neural substrates that initiates thirst? These are 
intimately tied in to mechanisms of control of water and 
sodium excretion and intake.

Osmotic homeostasis



The initial response to cellular dehydration is release of arginine 
vasopressin (AVP) – the antidiuretic hormone

AVP is synthesized in the supraoptic n. and paraventricular n. of the 
hypothalamus and transported along axons to the posterior pituitary.

AVP acts on V2 receptors in the kidney
to increase water permeability by inserting 
Aquaporin-2 channels into cell membranes

Water moves out of the distal convoluted 
tubule of the kidney by osmosis through 
these channels – decreasing osmolality

There is also an increased water 
reabsorption by the kidney and 
decrease in urine flow

Osmotic homeostasis



Changes in the osmolality of 
plasma lead to AVP secretion
at a much lower threshold 
than they lead to thirst

Very small increases in AVP 
lead to very large changes in
urine volume

Thus – the kidney is the first 
line of defense against cellular 
dehydration

Ongoing behavior is not 
disrupted by thirst unless the 
buffering effects of osmosis 
and antidiureses are 
insufficient

Osmotic homeostasis



A loss of blood volume (hypovolemia) leads to compensatory 
mechanisms, which include thirst and increased salt consumption

Volume homeostasis

Baroreceptors sense 
hypovolemia and cause 
kidney to secret renin

Renin interacts with
angiotensinogen to 
produce angiotensin I,
which is converted to
angiotensin II (AII)

AII is a vasoconstrictor 
and promotes aldosterone 
secretion from adrenal 
cortex and AVP secretion 
by acting on the 
subfornical organ (SFO)



Neural and endocrine signals of hypovolemia lead to thirst and 
increased salt consumption

Volume homeostasis

The renin-angiotensin 
system and AVP 
produce antidiuresis 
and vasoconstriction

Both hypovolemia and 
hyperosmolality
interact to control AVP 
levels – hypertension
leads to decreased AVP,
whereas hypotension 
increases AVP for a 
given plasma 
osmolality



Volume homeostasis

Thirst is triggered by increased plasma osmolality (OVLT receptors) ,
gastric salt load (hepatic Na+ receptors), hypovolemia (angiotensin II in
SFO).

Thirst is inhibited
by decreased 
plasma
osmolality (OVLT 
receptors) and by 
increased blood 
pressure
(hypervolemia)



Volume homeostasis

Hypovolemia triggers not only
thirst, but also salt appetite

Blood volume is corrected 
only by replacing both water 
and salt

Drinking water alleviates 
thirst (by reducing plasma 
osmolality), but triggers salt 
appetite, whereas consuming 
salt triggers subsequent thirst 
(by increasing plasma 
osmolality)



Review of Regulation

Osmoregulation Volume Regulation
(osmolality, AVP) (RAAS, ANP)

Sensed? Plasma osmolality            Effective tissue perfusion

Sensors Hypothalamic Afferent arteriole; Atria;
Osmoreceptors Carotid sinus baroreceptors)

Effectors Arginine Vasopressin (AVP)         Renin-angiotensin-aldosterone
Thirst Atrial natriuretic peptide (ANP)

Nor-Epinephrine

Affected? Urine osmolality Urinary sodium
Water intake Thirst 


