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WHAT WILL YOU HAVE TO DRINK? 
IMPLICATIONS FOR THE PHYSICALLY 

ACTIVE. 

Review by Michael Chia 

Water is essential for life. Most 
people can survive without food for 
30 days but not more than three 
days without waterwe need at least 
three litres each day. Our bodies 
depend on itfor various biological 
processes. Water transports the 
body's nutrients, gases and waste 
products, and enables chemical 
reactions in the body to takeplace. 
All our major bodily organs have 
a high water component:the brain 
and muscle, for example, are 75% 
water: As sweat, water helps the 
body maintain a stable core 
temperature through evaporation. 
Water aids in joint lubrication and 
also gives the body form and 
struture. The average person is 
composed of about 45 to 55 litres 
of water 

A recent survey among young people in 
Singapore revealed that on the average, 
they consumed the equivalent of 1.4 
litres of fluids, when their daily needs are 
projected at 2 litres, not taking into 
account their additional needs when they 
are physically active (Asian Food 
Information Centre, 1999). The same 
survey revealed that women aged 
between 55 and 65 years old were also 
not meeting their hydration needs 
(Ramsay & Booth, 1991). 

Complete restoration of fluid balance 
after exercise is an essential part of the 
recovery process, and this becomes even 
more important in hot and humid 
conditions.The speed of re-hydration is 
crucial when a subsequent exercise bout 
has to be performed after a relatively 
short interval. 

REVIEW OF RESEARCH 

The thirst mechanism 
INTRODUCTION 

In hot and humid climates like those of 
Singapore and SEAsia, the adult body can 
lose up to 3.5 litres of water daily even 
when it is sedentary. Even more water is 
lost when exercising in the heat, yet 
research tells us that most people, 
particularly the young and elderly, do not 
drink enough water. 

The desire to drink is initiated by the 
sensation of thirst and this is important 
in the control and balance of fluid intake. 
Thirst, however, is a poor indicator of 
hydration status, and some researchers 
are of the view that by the time the 
sensation of thirst is noticed, the person 
will already have dehydrated over the last 
hour.To prevent this, others recommend 
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that we should drink about one litre of 
fluids more than our thirst dictates. 

The typical drinking response, after 
humans have developed a water deficit, 
is the rapid ingestion of more than 50% 
of the total intake, followed by 
intermittent ingestions of smaller 
volumes of drink over several hours 
(Shirrefs & Maughan, 1998).The amount 
of fluid we take in is thought to be 
regulated by receptors in the mouth, 
esophagus and stomach, and the 
distension of the stomach is thought to 
reduce the perception of thirst. 

Water loss 

Body temperature maintenance, known 
as 'thermal homeostasis', especially 
during exercise, is made possible by the 
processes of thermal conductance and 
vaporisation (i.e. cooling is produced by 
evaporation of sweat off the skin surface). 
During exercise in warm and not-too- 
humid environments (about 30-70% 
relative humidity), cooling by 
evaporation (perspiration) is the body's 
major means of dissipating the heat 
produced by the exercising muscles. 

This process accounts for about 55% of 
heat loss, but water losses increase with 
vigorous exercise. Research informs us 
that trained and acclimatized people can 
lose sweat at a rate of 2 litres per hour 
even in a cool environment, when the 
work rate is high. Indeed, body mass 
losses in marathon runners can range 
from between 1% and 6% (0.7 to 4.2 kg 
body mass for a 70 kg man) at low (10" 
C )  ambient temperatures to more than 
8% (5.6 kg) in warmer conditions 
(Shirrefs & Maughan, 1998). 

The most practicable indicator of de- 
hydration after physical activity, and one's 
re-hydration status after some hours of 
consuming food and drinks, is the colour 
of the urine. When the body is 
dehydrated, the colour of the urine tends 
to be darker. A lighter shade of yellow 
indicates adequate re-hydration.Weighing 
oneself before and after exercise is 
another way of estimating fluid loss from 
exercise and the restoration of that loss. 

Performance and water deficit 

Research tells us that inadequate 
replenishment of fluid loss, both before and 
during exercise, affects performance. 
According to Ramsay and Booth (1991), a 
water deficit even as little as 1% of body 
mass can impair exercise performance; and 
a 35% drop in high-intensity exercise 
performance has been reported after a fluid 
loss of 2.5% of body mass induced by sauna 
exposure. In races of over 1500 m, 5000 m 
and 1 OOOOm, performance times increased 
by 0.16,1.30 and 2.62 minutes,respectively, 
in athletes who were eu-hydrated (i.e. 
adequately hydrated) after being 
dehydrated by 2% of body mass. 

There is no doubt that our capacity for 
work is negatively affectedewith 
dehydration. Many studies have indicated 
that adequate hydration is necessary for 
peak performance, especially when the 
activity is prolonged. For instance, a loss 
of just 4% of body water causes a 22% 
decline in performance and when the 
loss rises to 7% of body water, weakness 
sets in and the person may even have 
difficulty speaking (Ramsay & Booth, 
1991). 

Blood flow to the muscle must be 
maintained at a high level during exercise 
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to supply oxygen and energy substrates. 
At the same time, increased blood flow 
to the skin is necessary to dissipate the 
metabolic heat produced by the muscles. 
Hypo-hydration (i.e. inadequate 
hydration) before and during exercise is 
associated with higher cardiovascular 
strain and impaired thermoregulation. 
This also nullifies any protective benefits 
that are conferred by acclization. 

Re-hydration afier exercise 

The primary factors that determine 
hydration after exercise are the volume 
and composition of the fluid that is 
consumed. Many other factors influence 
hydration,including the palatability of the 
drink and its effect on the thirst 
mechanism. The ingestion of solid food 
is also an important factor, but most 
people tend to avoid eating solid food 
between exercise sessions or 
immediately after exercise. 

output was less and the water balance 
was closer to pre-exercise level after four 
hours (Ramsay & Booth, 1991). 

It appears, then, that the consumption of 
electrolyte-free drinks such as plain water 
results in greater urine production and 
therefore does not allow people to regain 
positive fluid balance for a long time. In 
experiments, plasma volume was better 
maintained when the ingested drink 
contained electrolytes, particularly 
sodium. It has been proposed that the 
amount of sodium added to the hydration 
fluid should also mirror the amount of 
sodium loss in the sweat. However, the 
concentration of sodium in the sweat 
shows considerable variation among 
different people, making it difficult to 
have a single prescription to suit all 
people. 

Re-hydration drinks 

Sports drinks 
Beverage composition 

The composition of the beverage 
consumed is important for the 
restoration of fluid balance following 
exercise. Recent studies have shown that 
plain water is not the ideal post-exercise 
re-hydration beverage when rapid and 
complete restoration of fluid balance is 
desired and where the intake is solely in 
liquid form. When water was the liquid 
for re-hydration following a 4% body mass 
loss in fluid induced by exercise, positive 
fluid balance had not been achieved even 
after four hours, due to increased urinary 
loss from drinking water. In contrast, 
when an electrolyte-containing solution 
(1 06g/L carbohydrate, 22 mmol/L 
sodium, 2.6 mmol/L potassium, 17.2 
mmol/L chloride) was ingested, urine 

Sports drinks are popular among people 
who exercise as well as people who do 
not exercise. In the early days when 
sports drinks became available, many 
sports nutritionists considered them 
"gimmicky", as they were either too 
sweet or had too much sodium in them. 
The high sugar and sodium content in 
the drinks stimulated drinking but did 
not actually quench hirst. Since then, 
better drinks have evolved. Most sports 
drinks nowadays contain less sodium, 
and carbohydrate in the form of sugar in 
the drink helps in the absorption of the 
water from the gut to the blood stream 
where it is needed. Hence sports drinks 
deliver not only water, but also energy to 
the body. 
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A sports drink consumed before an 
exercise session contains just the right 
amount of calories to boost energy and 
hydrate at the same time and is a 
convenient energy source. Following 
intense exercise, the carbohydrate in 
sports drinks also helps to replenish the 
muscle carbohydrate used up during the 
exercise. To replenish the  lost 
carbohydrate in the muscle after exercise, 
it is important to consume enough 
carbohydrate within the first two hours 
after exercise, as this is the time when 
the body is most active in replacing the 
muscle carbohydrate used. 

Drinking carbohydrate sources following 
very intense exercise is a good strategy 
to adopt, as the appetite to eat solid food 
is usually decreased. Sports drinks are 
most suitable during the first two hours 
following vigorous exercise.The general 
consensus from research is that the 
moderate amounts of carbohydrate and 
sodium, as well as the other electrolytes 
that are present in most sports drinks, 
stimulate consumption and improve 
absorption better than plain water can. 

Fruit juices 

Fruit juices come in many flavours and 
in many colours.They taste good and they 
are a rich source of vitaminA and vitamin 
C. Fruit juices are also a good source of 
potassium, an important mineral for the 
healthy function of the nervous system. 
However, fruit juices contain fructose, a 
form of sugar that interferes with the 
absorption of water, so they are not a 
good source of hydration just before and 
during exercise, but they are a great 
source of carbohydrate and water after 
exercise. 

Carbonated soft drinks 

Some people drink carbonated soft 
drinks to boost energy levels before 
exercise. The drinks contain sugar and 
caffeine, a stimulant that increases heart 
rate and stimulates the nervous system 
making you more alert. The sugar in 
carbonated drinks is a reservoir of 
available energy and may benefit the 
person who needs the calories. It is not 
wise, however, to drink carbonated soft 
drinks just before, or immediately after 
exercise.The sugar in carbonated drinks 
is in the form of sucrose and some 
research has shown that sucrose, like 
fructose, also interferes with the  
absorption of water during exercise. 
Moreover, the caffeine present in most 
cola drinks may also induce diuresis, 
increased urine output,  thus 
exacerbating, rather than alleviating, 
dehydration. 

Alcoholic drinks 

It is common to find players of popular sports 
relaxing in venues where there is a copious 
consumption of alcohol.The post-training and 
match "drinking culture" appears to be gaining 
popularity. Alcohol has known diuretic 
properties and is therefore not recomfhended 
when fluid replacement is a priority. 

Research infornls us that when subjects were 
hypo-hydrated (dehydrated) following 
exercise, the consumption of a 4% volume 
alcohol drink resulted in the greatest urine 
excretion, but all alcoholic drinks resulted in 
a predicted dehydration of nearly 8% across 
all trials (Shirrefs,Taylor, Leiper & Maughan, 
1997). Clearly, alcohol consumption in no way 
aids re-hydration following exercise: instead, 
it may exacerbate it. 
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Volume offluid ingested 

Even in the dehydrated state, there is 
obligatory urine excretion due to the 
need to get rid of metabolic waste. For 
this reason it is prudent to ingest more 
fluid after exercise than has been lost 
during the exercise.The advice to drink 
at least one litre of fluids more than thirst 
dictates, and to drink more than the 
amount of fluid lost through the activity, 
has merit. In an experiment following 
exercise, subjects consumed volumes of 
50,100,150 and 200% of the sweat loss 
after 3 2% body mass loss in body water. 
The best hydration results - obtained 
some six hours after the exercise - were 
with the subjects who had consumed 
150 and 200% volume of their sweat loss 
and where the drink composition had the 
same amount or higher concentration of 
sodium as their sweat (Ramsay & Booth, 
1991). 

Drink palatability and voluntary 
ingestion 

Unlike controlled research trials, where 
fixed volumes of various compositions 
are consumed, the amount of fluid 
consumed in everyday situations is 
determined by a combination of 
psychological and physiological factors. 
Ramsay and Booth (1991) reported that 
when beverages consisting of carbonated 
water, a commercial sports drink, an 
orange juice/lemonade mixture and an 
oral re-hydration solution (a mixture used 
in the treatment of diarrhea) were made 
available, subjects drank a greater volume 
of sports drink and the orange juice/ 
lemonade mixture than either of the 
other drinks over a period of two hours. 
These results demonstrate the 
importance of drink palatability in getting 

people to drink enough following 
exercise where great amounts of fluid 
may have been lost. 

CONCLUSION 

Restoration of fluid balance after 
strenuous exercise where substantial 
body water may be lost is an important 
part of the recovery process and is even 
more important in hot and humid 
conditions. If a second exercise bout is 
required after the first, the speed of re- 
hydration is crucial in maintaining good 
performance. Re-hydration after 
exercise requires that both fluid and 
electrolyte losses, particularly sodium, 
be replaced for fluid balance. Although 
the electrolyte composition of sweat is 
highly variable among individuals, the 
ideal re-hydration drink is one where the 
sodium content of the drink matches the 
sodium amount that is lost through 
sweating. Ingesting excess sodium from 
a post-exercise drink is rarely a problem, 
for any excess sodium will be excreted 
in the urine as the kidneys restore 
equilibrium. 

Drinks intended specifically for re- 
hydration after exercise must have a 
higher electrolyte content than drinks 
formulated for consumption during 
exercise. Since most common soft drinks 
contain virtually no sodium at all, these 
drinks are ineffective for the restoration 
of fluid balance after exercise. Drinks 
with a low sodium content are ineffective 
for re-hydration and will also reduce the 
stimulus to drink. The problem is that 
specially formulated drinks with a high 
sodium content may not be palatable to 
people and this may result in under- 
consumption.Adding a small amount of 
sugar may improve the rate of intestinal 
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uptake of sodium and water and will also International Life Sciences Institute 
improve palatability. Human Nutrition Reviews. New York, 

Springer-Verlag . 
The importance of palatability of the 
drink cannot be overlooked, especially Shirrefs, S. & Maughan, R. (1998).Volume 
when large volumes of fluid need to be repletion following exercise-induced 
consumed. volume depletion in man: replacement 
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