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This review examines the current knowledge of water intake as it pertains to human
health, including overall patterns of intake and some factors linked with intake, the
complex mechanisms behind water homeostasis, and the effects of variation in
water intake on health and energy intake, weight, and human performance
and functioning. Water represents a critical nutrient, the absence of which will be
lethal within days. Water's importance for the prevention of nutrition-related
noncommunicable diseases has received more attention recently because of the shift
toward consumption of large proportions of fluids as caloric beverages. Despite this
focus, there are major gaps in knowledge related to the measurement of total fluid
intake and hydration status at the population level; there are also few longer-term
systematic interventions and no published randomized, controlled longer-term
trials. This review provides suggestions for ways to examine water requirements and
encourages more dialogue on this important topic.
© 2010 International Life Sciences Institute

INTRODUCTION

Water is essential for life. From the time that primeval
species ventured from the oceans to live on land, a major
key to survival has been the prevention of dehydration.
The critical adaptations cross an array of species, including
man. Without water, humans can survive only for days.
Water comprises from 75% body weight in infants to 55%
in the elderly and is essential for cellular homeostasis and
life.1 Nevertheless, there are many unanswered questions
about this most essential component of our body and our
diet. This review attempts to provide some sense of our
current knowledge of water, including overall patterns of
intake and some factors linked with intake, the complex
mechanisms behind water homeostasis, the effects of
variation in water intake on health and energy intake,
weight, and human performance and functioning.

Recent statements on water requirements have been
based on retrospective recall of water intake from food
and beverages among healthy, noninstitutionalized indi-
viduals. Provided here are examples of water intake
assessment in populations to clarify the need for experi-

mental studies. Beyond these circumstances of dehydra-
tion, it is not fully understood how hydration affects
health and well-being, even the impact of water intakes
on chronic diseases. Recently, Jéquier and Constant2

addressed this question based on human physiology, but
more knowledge is required about the extent to which
water intake might be important for disease prevention
and health promotion.

As noted later in the text, few countries have devel-
oped water requirements and those that exist are based on
weak population-level measures of water intake and
urine osmolality.3,4 The European Food Safety Authority
(EFSA) was recently asked to revise existing recom-
mended intakes of essential substances with a physiologi-
cal effect, including water since this nutrient is essential
for life and health.5

The US Dietary Recommendations for water are
based on median water intakes with no use of measure-
ments of the dehydration status of the population to
assist. One-time collection of blood samples for the analy-
sis of serum osmolality has been used by the National
Health and Nutrition Examination Survey program. At
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the population level, there is no accepted method of
assessing hydration status, and one measure some schol-
ars use, hypertonicity, is not even linked with hydration
in the same direction for all age groups.6 Urine indices
are used often but these reflect the recent volume of
fluid consumed rather than a state of hydration.7 Many
scholars use urine osmolality to measure recent hydra-
tion status.8–12 Deuterium dilution techniques (isotopic
dilution with D2O, or deuterium oxide) allow measure-
ment of total body water but not water balance status.13

Currently, there are no completely adequate biomarkers
to measure hydration status at the population level.

In discussing water, the focus is first and foremost on
all types of water, whether it be soft or hard, spring or
well, carbonated or distilled. Furthermore, water is not
only consumed directly as a beverage; it is also obtained
from food and to a very small extent from oxidation of
macronutrients (metabolic water). The proportion of
water that comes from beverages and food varies accord-
ing to the proportion of fruits and vegetables in the diet.
The ranges of water content in various foods are pre-
sented in Table 1. In the United States it is estimated that
about 22% of water intake comes from food while the
percentages are much higher in European countries, par-
ticularly a country like Greece with its higher intake of
fruits and vegetables, or in South Korea.3,14,15 The only
in-depth study performed in the United States of water
use and water intrinsic to food found a 20.7% contribu-
tion from food water;16,17 however, as shown below, this
research was dependent on poor overall assessment of
water intake.

This review considers water requirements in the
context of recent efforts to assess water intake in US
populations. The relationship between water and calorie
intake is explored both for insights into the possible
displacement of calories from sweetened beverages by
water and to examine the possibility that water require-
ments would be better expressed in relation to

calorie/energy requirements with the dependence of the
latter on age, size, gender, and physical activity level.
Current understanding of the exquisitely complex and
sensitive system that protects land animals against dehy-
dration is covered and commentary is provided on the
complications of acute and chronic dehydration in man,
against which a better expression of water requirements
might complement the physiological control of thirst.
Indeed, the fine intrinsic regulation of hydration and
water intake in individuals mitigates prevalent underhy-
dration in populations and its effects on function and
disease.

Regulation of fluid intake

To prevent dehydration, reptiles, birds, vertebrates, and all
land animals have evolved an exquisitely sensitive
network of physiological controls to maintain body water
and fluid intake by thirst. Humans may drink for various
reasons, particularly for hedonic ones, but drinking is
most often due to water deficiency that triggers the
so-called regulatory or physiological thirst. The mecha-
nism of thirst is quite well understood today and the
reason nonregulatory drinking is often encountered is
related to the large capacity of the kidneys to rapidly
eliminate excesses of water or to reduce urine secretion to
temporarily economize on water.1 But this excretory
process can only postpone the necessity of drinking or of
ceasing to drink an excess of water. Nonregulatory drink-
ing is often confusing, particularly in wealthy societies
that have highly palatable drinks or fluids that contain
other substances the drinker seeks. The most common of
these are sweeteners or alcohol for which water is used as
a vehicle. Drinking these beverages is not due to excessive
thirst or hyperdipsia, as can be shown by offering pure
water to individuals instead and finding out that the same
drinker is in fact hypodipsic (characterized by abnormally
diminished thirst).1

Table 1 Ranges of water content for selected foods.
Percentage Food item
100% Water
90–99% Fat-free milk, cantaloupe, strawberries, watermelon, lettuce, cabbage, celery, spinach, pickles, squash (cooked)
80–89% Fruit juice, yogurt, apples, grapes, oranges, carrots, broccoli (cooked), pears, pineapple
70–79% Bananas, avocados, cottage cheese, ricotta cheese, potato (baked), corn (cooked), shrimp
60–69% Pasta, legumes, salmon, ice cream, chicken breast
50–59% Ground beef, hot dogs, feta cheese, tenderloin steak (cooked)
40–49% Pizza
30–39% Cheddar cheese, bagels, bread
20–29% Pepperoni sausage, cake, biscuits
10–19% Butter, margarine, raisins
1–9% Walnuts, peanuts (dry roasted), chocolate chip cookies, crackers, cereals, pretzels, taco shells, peanut butter
0% Oils, sugars
Data from the USDA national nutrient database for standard reference, release 21, as provided in Altman.126
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Fluid balance of the two compartments

Maintaining a constant water and mineral balance
requires the coordination of sensitive detectors at differ-
ent sites in the body linked by neural pathways with inte-
grative centers in the brain that process this information.
These centers are also sensitive to humoral factors (neu-
rohormones) produced for the adjustment of diuresis,
natriuresis, and blood pressure (angiotensin mineralo-
corticoids, vasopressin, atrial natriuretic factor). Instruc-
tions from the integrative centers to the “executive
organs” (kidney, sweat glands, and salivary glands) and to
the part of the brain responsible for corrective actions
such as drinking are conveyed by certain nerves in addi-
tion to the above-mentioned substances.1

Most of the components of fluid balance are con-
trolled by homeostatic mechanisms responding to the
state of body water. These mechanisms are sensitive and
precise, and are activated with deficits or excesses of water
amounting to only a few hundred milliliters. A water
deficit produces an increase in the ionic concentration of
the extracellular compartment, which takes water from
the intracellular compartment causing cells to shrink.
This shrinkage is detected by two types of brain sensors,
one controlling drinking and the other controlling the
excretion of urine by sending a message to the kidneys,
mainly via the antidiuretic hormone vasopressin to
produce a smaller volume of more concentrated urine.18

When the body contains an excess of water, the reverse
processes occur: the lower ionic concentration of body
fluids allows more water to reach the intracellular com-
partment. The cells imbibe, drinking is inhibited, and the
kidneys excrete more water.

The kidneys thus play a key role in regulating fluid
balance. As discussed later, the kidneys function more
efficiently in the presence of an abundant water supply. If
the kidneys economize on water and produce more con-
centrated urine, they expend a greater amount of energy
and incur more wear on their tissues. This is especially
likely to occur when the kidneys are under stress, e.g.,
when the diet contains excessive amounts of salt or toxic
substances that need to be eliminated. Consequently,
drinking a sufficient amount of water helps protect this
vital organ.

Regulatory drinking

Most drinking occurs in response to signals of water
deficit. Apart from urinary excretion, the other main fluid
regulatory process is drinking, which is mediated through
the sensation of thirst. There are two distinct mechanisms
of physiological thirst: the intracellular and the extracel-
lular mechanisms.When water alone is lost, ionic concen-
tration increases. As a result, the intracellular space yields

some of its water to the extracellular compartment. Once
again, the resulting shrinkage of cells is detected by brain
receptors that send hormonal messages to induce drink-
ing. This association with receptors that govern extracel-
lular volume is accompanied by an enhancement of
appetite for salt. Thus, people who have been sweating
copiously prefer drinks that are relatively rich in Na+ salts
rather than pure water. When excessive sweating is expe-
rienced, it is also important to supplement drinks with
additional salt.

The brain’s decision to start or stop drinking and to
choose the appropriate drink is made before the ingested
fluid can reach the intra- and extracellular compartments.
The taste buds in the mouth send messages to the brain
about the nature, and especially the salt content, of the
ingested fluid, and neuronal responses are triggered as if
the incoming water had already reached the bloodstream.
These are the so-called anticipatory reflexes: they cannot
be entirely “cephalic reflexes” because they arise from the
gut as well as the mouth.1

The anterior hypothalamus and pre-optic area are
equipped with osmoreceptors related to drinking.
Neurons in these regions show enhanced firing when the
inner milieu gets hyperosmotic. Their firing decreases
when water is loaded in the carotid artery that irrigates
the neurons. It is remarkable that the same decrease in
firing in the same neurons takes place when the water
load is applied on the tongue instead of being injected
into the carotid artery. This anticipatory drop in firing is
due to communication from neural pathways that depart
from the mouth and converge onto neurons that simul-
taneously sense the blood’s inner milieu.

Nonregulatory drinking

Although everyone experiences thirst from time to time,
it plays little role in the day-to-day control of water
intake in healthy people living in temperate climates. In
these regions, people generally consume fluids not to
quench thirst, but as components of everyday foods
(e.g., soup, milk), as beverages used as mild stimulants
(tea, coffee), and for pure pleasure. A common example
is alcohol consumption, which can increase individual
pleasure and stimulate social interaction. Drinks are also
consumed for their energy content, as in soft drinks and
milk, and are used in warm weather for cooling and in
cold weather for warming. Such drinking seems to also
be mediated through the taste buds, which communicate
with the brain in a kind of “reward system”, the mecha-
nisms of which are just beginning to be understood.
This bias in the way human beings rehydrate themselves
may be advantageous because it allows water losses to be
replaced before thirst-producing dehydration takes
place. Unfortunately, this bias also carries some disad-
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vantages. Drinking fluids other than water can contrib-
ute to an intake of caloric nutrients in excess of
requirements, or in alcohol consumption that, in some
people, may insidiously bring about dependence. For
example, total fluid intake increased from 79 fluid
ounces in 1989 to 100 fluid ounces in 2002 among US
adults, with the difference representing intake of caloric
beverages.19

Effects of aging on fluid intake regulation

The thirst and fluid ingestion responses of older persons
to a number of stimuli have been compared to those of
younger persons.20 Following water deprivation, older
individuals are less thirsty and drink less fluid compared
to younger persons.21,22 The decrease in fluid consump-
tion is predominantly due to a decrease in thirst, as the
relationship between thirst and fluid intake is the same in
young and old persons. Older persons drink insufficient
amounts of water following fluid deprivation to replenish
their body water deficit.23 When dehydrated older persons
are offered a highly palatable selection of drinks, this also
fails to result in increased fluid intake.23 The effects of
increased thirst in response to an osmotic load have
yielded variable responses, with one group reporting
reduced osmotic thirst in older individuals24 and one
failing to find a difference. In a third study, young indi-
viduals ingested almost twice as much fluid as old
persons, even though the older subjects had a much
higher serum osmolality.25

Overall, these studies support small changes in the
regulation of thirst and fluid intake with aging. Defects in
both osmoreceptors and baroreceptors appear to exist as
do changes in the central regulatory mechanisms medi-
ated by opioid receptors.26 Because the elderly have low
water reserves, it may be prudent for them to learn to
drink regularly when not thirsty and to moderately
increase their salt intake when they sweat. Better educa-
tion on these principles may help prevent sudden
hypotension and stroke or abnormal fatigue, which can
lead to a vicious circle and eventually hospitalization.

Thermoregulation

Hydration status is critical to the body’s process of tem-
perature control. Body water loss through sweat is an
important cooling mechanism in hot climates and in
periods of physical activity. Sweat production is depen-
dent upon environmental temperature and humidity,
activity levels, and type of clothing worn. Water losses via
skin (both insensible perspiration and sweating) can
range from 0.3 L/h in sedentary conditions to 2.0 L/h in
high activity in the heat, and intake requirements range
from 2.5 to just over 3 L/day in adults under normal

conditions, and can reach 6 L/day with high extremes of
heat and activity.27,28 Evaporation of sweat from the body
results in cooling of the skin. However, if sweat loss is not
compensated for with fluid intake, especially during vig-
orous physical activity, a hypohydrated state can occur
with concomitant increases in core body temperature.
Hypohydration from sweating results in a loss of electro-
lytes, as well as a reduction in plasma volume, and this can
lead to increased plasma osmolality. During this state of
reduced plasma volume and increased plasma osmolality,
sweat output becomes insufficient to offset increases in
core temperature. When fluids are given to maintain
euhydration, sweating remains an effective compensation
for increased core temperatures. With repeated exposure
to hot environments, the body adapts to heat stress and
cardiac output and stroke volume return to normal,
sodium loss is conserved, and the risk for heat-stress-
related illness is reduced.29 Increasing water intake during
this process of heat acclimatization will not shorten the
time needed to adapt to the heat, but mild dehydration
during this time may be of concern and is associated with
elevations in cortisol, increased sweating, and electrolyte
imbalances.29

Children and the elderly have differing responses to
ambient temperature and different thermoregulatory
concerns than healthy adults. Children in warm climates
may be more susceptible to heat illness than adults due
to their greater surface area to body mass ratio, lower
rate of sweating, and slower rate of acclimatization to
heat.30,31 Children may respond to hypohydration during
activity with a higher relative increase in core tempera-
ture than adults,32 and with a lower propensity to sweat,
thus losing some of the benefits of evaporative cooling.
However, it has been argued that children can dissipate
a greater proportion of body heat via dry heat loss, and
the concomitant lack of sweating provides a beneficial
means of conserving water under heat stress.30 Elders, in
response to cold stress, show impairments in ther-
moregulatory vasoconstriction, and body water is
shunted from plasma into the interstitial and intracellu-
lar compartments.33,34 With respect to heat stress, water
lost through sweating decreases the water content of
plasma, and the elderly are less able to compensate for
increased blood viscosity.33 Not only do they have a
physiological hypodipsia, but this can be exaggerated by
central nervous system disease35 and by dementia.36 In
addition, illness and limitations in daily living activities
can further limit fluid intake. When reduced fluid intake
is coupled with advancing age, there is a decrease in
total body water. Older individuals have impaired renal
fluid conservation mechanisms and, as noted above,
have impaired responses to heat and cold stress.33,34 All
of these factors contribute to an increased risk of hypo-
hydration and dehydration in the elderly.
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PHYSIOLOGICAL EFFECTS OF DEHYDRATION

With regard to physiology, the role of water in health is
generally characterized in terms of deviations from an
ideal hydrated state, generally in comparison to dehydra-
tion. The concept of dehydration encompasses both the
process of losing body water and the state of dehydration.
Much of the research on water and physical or mental
functioning compares a euhydrated state, usually
achieved by provision of water sufficient to overcome
water loss, to a dehydrated state, which is achieved via
withholding of fluids over time and during periods of
heat stress or high activity. In general, provision of water
is beneficial in individuals with a water deficit, but little
research supports the notion that additional water in
adequately hydrated individuals confers any benefit.

Physical performance

The role of water and hydration in physical activity, par-
ticularly in athletes and in the military, has been of con-
siderable interest and is well-described in the scientific
literature.37–39 During challenging athletic events, it is not
uncommon for athletes to lose 6–10% of body weight
through sweat, thus leading to dehydration if fluids have
not been replenished. However, decrements in the physi-
cal performance of athletes have been observed under
much lower levels of dehydration, i.e., as little as 2%.38

Under relatively mild levels of dehydration, individuals
engaging in rigorous physical activity will experience dec-
rements in performance related to reduced endurance,
increased fatigue, altered thermoregulatory capability,
reduced motivation, and increased perceived effort.40,41

Rehydration can reverse these deficits and reduce the oxi-
dative stress induced by exercise and dehydration.42

Hypohydration appears to have a more significant impact
on high-intensity and endurance activity, such as tennis43

and long-distance running,44 than on anaerobic activi-
ties,45 such as weight lifting, or on shorter-duration activi-
ties, such as rowing.46

During exercise, individuals may not hydrate
adequately when allowed to drink according to thirst.32

After periods of physical exertion, voluntary fluid intake
may be inadequate to offset fluid deficits.1 Thus, mild-to-
moderate dehydration can persist for some hours after
the conclusion of physical activity. Research performed
on athletes suggests that, principally at the beginning of
the training season, they are at particular risk for dehy-
dration due to lack of acclimatization to weather condi-
tions or suddenly increased activity levels.47,48 A number
of studies show that performance in temperate and hot
climates is affected to a greater degree than performance
in cold temperatures.41,49,50 Exercise in hot conditions
with inadequate fluid replacement is associated with

hyperthermia, reduced stroke volume and cardiac output,
decreases in blood pressure, and reduced blood flow to
muscle.51

During exercise, children may be at greater risk for
voluntary dehydration. Children may not recognize the
need to replace lost fluids, and both children as well as
coaches need specific guidelines for fluid intake.52 Addi-
tionally, children may require more time to acclimate to
increases in environmental temperature than adults.30,31

Recommendations are for child athletes or children in
hot climates to begin athletic activities in a well-hydrated
state and to drink fluids over and above the thirst
threshold.

Cognitive performance

Water, or its lack (dehydration), can influence cognition.
Mild levels of dehydration can produce disruptions in
mood and cognitive functioning. This may be of special
concern in the very young, very old, those in hot climates,
and those engaging in vigorous exercise.Mild dehydration
produces alterations in a number of important aspects of
cognitive function such as concentration, alertness, and
short-term memory in children (10–12 y),32 young adults
(18–25 y),53–56 and the oldest adults (50–82 y).57 As with
physical functioning,mild-to-moderate levels of dehydra-
tion can impair performance on tasks such as short-term
memory, perceptual discrimination, arithmetic ability,
visuomotor tracking, and psychomotor skills.53–56

However, mild dehydration does not appear to alter cog-
nitive functioning in a consistent manner.53,54,56,58 In some
cases,cognitive performance was not significantly affected
in ranges from 2% to 2.6% dehydration.56,58 Comparing
across studies, performance on similar cognitive tests was
divergent under dehydration conditions.54,56 In studies
conducted by Cian et al.,53,54 participants were dehydrated
to approximately 2.8% either through heat exposure or
treadmill exercise. In both studies, performance was
impaired on tasks examining visual perception, short-
term memory, and psychomotor ability. In a series of
studies using exercise in conjunction with water restric-
tion as a means of producing dehydration, D’Anci et al.56

observed only mild decrements in cognitive performance
in healthy young men and women athletes.In these experi-
ments, the only consistent effect of mild dehydration was
significant elevations of subjective mood score, including
fatigue, confusion, anger, and vigor. Finally, in a study
using water deprivation alone over a 24-h period, no sig-
nificant decreases in cognitive performance were seen
with 2.6% dehydration.58 It is therefore possible that heat
stress may play a critical role in the effects of dehydration
on cognitive performance.

Reintroduction of fluids under conditions of mild
dehydration can reasonably be expected to reverse
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dehydration-induced cognitive deficits. Few studies have
examined how fluid reintroduction may alleviate the
negative effects of dehydration on cognitive performance
and mood. One study59 examined how water ingestion
affected arousal and cognitive performance in young
people following a period of 12-h water restriction.While
cognitive performance was not affected by either water
restriction or water consumption, water ingestion
affected self-reported arousal. Participants reported
increased alertness as a function of water intake. Rogers
et al.60 observed a similar increase in alertness following
water ingestion in both high- and low-thirst participants.
Water ingestion, however, had opposite effects on cogni-
tive performance as a function of thirst. High-thirst par-
ticipants’ performance on a cognitively demanding task
improved following water ingestion, but low-thirst par-
ticipants’ performance declined. In summary, hydration
status consistently affected self-reported alertness, but
effects on cognition were less consistent.

Several recent studies have examined the utility of
providing water to school children on attentiveness and
cognitive functioning in children.61–63 In these experi-
ments, children were not fluid restricted prior to cogni-
tive testing, but were allowed to drink as usual. Children
were then provided with a drink or no drink 20–45 min
before the cognitive test sessions. In the absence of fluid
restriction and without physiological measures of hydra-
tion status, the children in these studies should not be
classified as dehydrated. Subjective measures of thirst
were reduced in children given water,62 and voluntary
water intake in children varied from 57 mL to 250 mL. In
these studies, as in the studies in adults, the findings were
divergent and relatively modest. In the research led by
Edmonds et al.,61,62 children in the groups given water
showed improvements in visual attention. However,
effects on visual memory were less consistent, with one
study showing no effects of drinking water on a spot-the-
difference task in 6–7-year-old children61 and the other
showing a significant improvement in a similar task in
7–9-year-old children.62 In the research described by
Benton and Burgess,63 memory performance was
improved by provision of water but sustained attention
was not altered with provision of water in the same
children.

Taken together, these studies indicate that low-to-
moderate dehydration may alter cognitive performance.
Rather than indicating that the effects of hydration or
water ingestion on cognition are contradictory, many of
the studies differ significantly in methodology and in
measurement of cognitive behaviors. These variances in
methodology underscore the importance of consistency
when examining relatively subtle chances in overall cog-
nitive performance. However, in those studies in which
dehydration was induced, most combined heat and exer-

cise; this makes it difficult to disentangle the effects of
dehydration on cognitive performance in temperate con-
ditions from the effects of heat and exercise. Additionally,
relatively little is known about the mechanism of mild
dehydration’s effects on mental performance. It has been
proposed that mild dehydration acts as a physiological
stressor that competes with and draws attention from
cognitive processes.64 However, research on this hypoth-
esis is limited and merits further exploration.

Dehydration and delirium

Dehydration is a risk factor for delirium and for delirium
presenting as dementia in the elderly and in the very
ill.65–67 Recent work shows that dehydration is one of
several predisposing factors for confusion observed in
long-term-care residents67; however, in this study, daily
water intake was used as a proxy measure for dehydration
rather than other, more direct clinical assessments such as
urine or plasma osmolality. Older people have been
reported as having reduced thirst and hypodipsia relative
to younger people. In addition, fluid intake and mainte-
nance of water balance can be complicated by factors
such as disease, dementia, incontinence, renal insuffi-
ciency, restricted mobility, and drug side effects. In
response to primary dehydration, older people have less
thirst sensation and reduced fluid intakes in comparison
to younger people. However, in response to heat stress,
while older people still display a reduced thirst threshold,
they do ingest comparable amounts of fluid to younger
people.20

Gastrointestinal function

Fluids in the diet are generally absorbed in the proximal
small intestine, and the absorption rate is determined by
the rate of gastric emptying to the small intestine. There-
fore, the total volume of fluid consumed will eventually
be reflected in water balance, but the rate at which rehy-
dration occurs is dependent upon factors affecting the
rate of delivery of fluids to the intestinal mucosa. The
gastric emptying rate is generally accelerated by the total
volume consumed and slowed by higher energy density
and osmolality.68 In addition to water consumed in food
(1 L/day) and beverages (circa 2–3 L/day), digestive
secretions account for a far greater portion of water that
passes through and is absorbed by the gastrointestinal
tract (circa 8 L/day).69 The majority of this water is
absorbed by the small intestine, with a capacity of up to
15 L/day with the colon absorbing some 5 L/day.69

Constipation, characterized by slow gastrointestinal
transit, small, hard stools, and difficulty in passing stool,
has a number of causes, including medication use, inad-
equate fiber intake, poor diet, and illness.70 Inadequate
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fluid consumption is touted as a common culprit in con-
stipation, and increasing fluid intake is a frequently rec-
ommended treatment. Evidence suggests, however, that
increasing fluids is only useful to individuals in a hypo-
hydrated state, and is of little utility in euhydrated indi-
viduals.70 In young children with chronic constipation,
increasing daily water intake by 50% did not affect con-
stipation scores.71 For Japanese women with low fiber
intake, concomitant low water intake in the diet is asso-
ciated with increased prevalence of constipation.72 In
older individuals, low fluid intake is a predictor for
increased levels of acute constipation,73,74 with those con-
suming the least amount of fluid having over twice the
frequency of constipation episodes than those consuming
the most fluid. In one trial, researchers compared the
utility of carbonated mineral water in reducing func-
tional dyspepsia and constipation scores to tap water in
individuals with functional dyspepsia.75 When comparing
carbonated mineral water to tap water, participants
reported improvements in subjective gastric symptoms,
but there were no significant improvements in gastric or
intestinal function. The authors indicate it is not possible
to determine to what degree the mineral content of the
two waters contributed to perceived symptom relief, as
the mineral water contained greater levels of magnesium
and calcium than the tap water. The available evidence
suggests that increased fluid intake should only be indi-
cated in individuals in a hypohydrated state.69,71

Significant water loss can occur through the gas-
trointestinal tract, and this can be of great concern in the
very young. In developing countries, diarrheal diseases
are a leading cause of death in children, resulting in
approximately 1.5–2.5 million deaths per year.76 Diar-
rheal illness results not only in a reduction in body water,
but also in potentially lethal electrolyte imbalances. Mor-
tality in such cases can many times be prevented with
appropriate oral rehydration therapy, by which simple
dilute solutions of salt and sugar in water can replace fluid
lost by diarrhea. Many consider application of oral rehy-
dration therapy to be one of the significant public health
developments of the last century.77

Kidney function

As noted above, the kidney is crucial in regulating water
balance and blood pressure as well as removing waste
from the body. Water metabolism by the kidney can be
classified into regulated and obligate. Water regulation is
hormonally mediated, with the goal of maintaining a tight
range of plasma osmolality (between 275 and 290 mOsm/
kg). Increases in plasma osmolality and activation of
osmoreceptors (intracellular) and baroreceptors (extra-
cellular) stimulate hypothalamic release of arginine vaso-
pressin (AVP). AVP acts at the kidney to decrease urine

volume and promote retention of water, and the urine
becomes hypertonic. With decreased plasma osmolality,
vasopressin release is inhibited, and the kidney increases
hypotonic urinary output.

In addition to regulating fluid balance, the kidneys
require water for the filtration of waste from the blood-
stream and excretion via urine. Water excretion via the
kidney removes solutes from the blood, and a minimum
obligate urine volume is required to remove the solute
load with a maximum output volume of 1 L/h.78 This
obligate volume is not fixed, but is dependent upon the
amount of metabolic solutes to be excreted and levels
of AVP. Depending on the need for water conservation,
basal urine osmolality ranges from 40 mOsm/kg to a
maximum of 1,400 mOsm/kg.78 The ability to both con-
centrate and dilute urine decreases with age, with a lower
value of 92 mOsm/kg and an upper range falling between
500 and 700 mOsm/kg for individuals over the age of 70
years.79–81 Under typical conditions, in an average adult,
urine volume of 1.5 to 2.0 L/day would be sufficient to
clear a solute load of 900 to 1,200 mOsm/day. During
water conservation and the presence of AVP, this obligate
volume can decrease to 0.75–1.0 L/day and during
maximal diuresis up to 20 L/day can be required to
remove the same solute load.78,80,81 In cases of water
loading, if the volume of water ingested cannot be com-
pensated for with urine output, having overloaded the
kidney’s maximal output rate, an individual can enter a
hyponatremic state.

Heart function and hemodynamic response

Blood volume, blood pressure, and heart rate are closely
linked. Blood volume is normally tightly regulated by
matching water intake and water output, as described in
the section on kidney function. In healthy individuals,
slight changes in heart rate and vasoconstriction act to
balance the effect of normal fluctuations in blood
volume on blood pressure.82 Decreases in blood volume
can occur, through blood loss (or blood donation), or
loss of body water through sweat, as seen with exercise.
Blood volume is distributed differently relative to the
position of the heart, whether supine or upright, and
moving from one position to the other can lead to
increased heart rate, a fall in blood pressure, and, in
some cases, syncope. This postural hypotension (or
orthostatic hypotension) can be mediated by drinking
300–500 mL of water.83,84 Water intake acutely reduces
heart rate and increases blood pressure in both normo-
tensive and hypertensive individuals.85 These effects of
water intake on the pressor effect and heart rate occur
within 15–20 min of drinking water and can last for up
to 60 min. Water ingestion is also beneficial in prevent-
ing vasovagal reaction with syncope in blood donors at
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high risk for post-donation syncope.86 The effect of
water intake in these situations is thought to be due to
effects on the sympathetic nervous system rather than to
changes in blood volume.83,84 Interestingly, in rare cases,
individuals may experience bradycardia and syncope
after swallowing cold liquids.87–89 While swallow syncope
can be seen with substances other than water, swallow
syncope further supports the notion that the result of
water ingestion in the pressor effect has both a neural
component as well as a cardiac component.

Headache

Water deprivation and dehydration can lead to the devel-
opment of headache.90 Although this observation is
largely unexplored in the medical literature, some obser-
vational studies indicate that water deprivation, in
addition to impairing concentration and increasing irri-
tability, can serve as a trigger for migraine and can also
prolong migraine.91,92 In those with water deprivation-
induced headache, ingestion of water provided relief
from headache in most individuals within 30 min to 3 h.92

It is proposed that water deprivation-induced headache is
the result of intracranial dehydration and total plasma
volume. Although provision of water may be useful in
relieving dehydration-related headache, the utility of
increasing water intake for the prevention of headache is
less well documented.

The folk wisdom that drinking water can stave off
headaches has been relatively unchallenged, and has more
traction in the popular press than in the medical litera-
ture. Recently, one study examined increased water intake
and headache symptoms in headache patients.93 In this
randomized trial, patients with a history of different types
of headache, including migraine and tension headache,
were either assigned to a placebo condition (a nondrug
tablet) or the increased water condition. In the water con-
dition, participants were instructed to consume an addi-
tional volume of 1.5 L water/day on top of what they
already consumed in foods and fluids. Water intake did
not affect the number of headache episodes, but it was
modestly associated with reduction in headache intensity
and reduced duration of headache. The data from this
study suggest that the utility of water as prophylaxis is
limited in headache sufferers, and the ability of water to
reduce or prevent headache in the broader population
remains unknown.

Skin

One of the more pervasive myths regarding water intake
is its relation to improvements of the skin or complex-
ion. By improvement, it is generally understood that
individuals are seeking to have a more “moisturized”

look to the surface skin, or to minimize acne or other
skin conditions. Numerous lay sources such as beauty
and health magazines as well as postings on the Internet
suggest that drinking 8–10 glasses of water a day will
“flush toxins from the skin” and “give a glowing com-
plexion” despite a general lack of evidence94,95 to support
these proposals. The skin, however, is important for
maintaining body water levels and preventing water loss
into the environment.

The skin contains approximately 30% water, which
contributes to plumpness, elasticity, and resiliency. The
overlapping cellular structure of the stratum corneum
and lipid content of the skin serves as “waterproofing” for
the body.96 Loss of water through sweat is not indiscrimi-
nate across the total surface of the skin, but is carried out
by eccrine sweat glands, which are evenly distributed over
most of the body surface.97 Skin dryness is usually asso-
ciated with exposure to dry air, prolonged contact with
hot water and scrubbing with soap (both strip oils from
the skin), medical conditions, and medications. While
more serious levels of dehydration can be reflected in
reduced skin turgor,98,99 with tenting of the skin acting as
a flag for dehydration, overt skin turgor in individuals
with adequate hydration is not altered. Water intake, par-
ticularly in individuals with low initial water intake, can
improve skin thickness and density as measured by sono-
gram,100 offsets transepidermal water loss, and can
improve skin hydration.101 Adequate skin hydration,
however, is not sufficient to prevent wrinkles or other
signs of aging, which are related to genetics and to sun
and environmental damage. Of more utility to individuals
already consuming adequate fluids is the use of topical
emollients; these will improve skin barrier function and
improve the look and feel of dry skin.102,103

HYDRATION AND CHRONIC DISEASES

Many chronic diseases have multifactorial origins. In par-
ticular, differences in lifestyle and the impact of environ-
ment are known to be involved and constitute risk factors
that are still being evaluated. Water is quantitatively the
most important nutrient. In the past, scientific interest
with regard to water metabolism was mainly directed
toward the extremes of severe dehydration and water
intoxication. There is evidence, however, that mild dehy-
dration may also account for some morbidities.4,104 There
is currently no consensus on a “gold standard” for hydra-
tion markers, particularly for mild dehydration. As a con-
sequence, the effects of mild dehydration on the
development of several disorders and diseases have not
been well documented.

There is strong evidence showing that good hydra-
tion reduces the risk of urolithiasis (see Table 2 for evi-
dence categories). Less strong evidence links good
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hydration with reduced incidence of constipation, exer-
cise asthma, hypertonic dehydration in the infant, and
hyperglycemia in diabetic ketoacidosis. Good hydration
is associated with a reduction in urinary tract infections,
hypertension, fatal coronary heart disease, venous throm-
boembolism, and cerebral infarct, but all these effects
need to be confirmed by clinical trials. For other condi-
tions such as bladder or colon cancer, evidence of a pre-
ventive effect of maintaining good hydration is not
consistent (see Table 3).

WATER CONSUMPTION AND REQUIREMENTS AND
RELATIONSHIPS TO TOTAL ENERGY INTAKE

Water consumption, water requirements, and energy
intake are linked in fairly complex ways. This is partially
because physical activity and energy expenditures affect
the need for water but also because a large shift in bever-
age consumption over the past century or more has led to
consumption of a significant proportion of our energy
intake from caloric beverages. Nonregulatory beverage
intake, as noted earlier, has assumed a much greater role
for individuals.19 This section reviews current patterns of
water intake and then refers to a full meta-analysis of the
effects of added water on energy intake. This includes
adding water to the diet and water replacement for a
range of caloric and diet beverages, including sugar-
sweetened beverages, juice, milk, and diet beverages. The
third component is a discussion of water requirements
and suggestions for considering the use of mL water/kcal
energy intake as a metric.

Patterns and trends of water consumption

Measurement of total fluid water consumption in
free-living individuals is fairly new in focus. As a result,
the state of the science is poorly developed, data are
most likely fairly incomplete, and adequate validation of
the measurement techniques used is not available. Pre-
sented here are varying patterns and trends of water

intake for the United States over the past three decades
followed by a brief review of the work on water intake in
Europe.

There is really no existing information to support an
assumption that consumption of water alone or bever-
ages containing water affects hydration differentially.3,105

Some epidemiological data suggest water might have dif-
ferent metabolic effects when consumed alone rather
than as a component of caffeinated or flavored or sweet-
ened beverages; however, these data are at best suggestive
of an issue deserving further exploration.106,107 As shown
below, the research of Ershow et al. indicates that bever-
ages not consisting solely of water do contain less than
100% water.

One study in the United States has attempted to
examine all the dietary sources of water.16,17 These data
are cited in Table 4 as the Ershow study and were based
on National Food Consumption Survey food and fluid
intake data from 1977–1978. These data are presented in
Table 4 for children aged 2–18 years (Panel A) and for
adults aged 19 years and older (Panel B). Ershow et al.16,17

spent a great deal of time working out ways to convert
USDA dietary data into water intake, including water
absorbed during the cooking process, water in food, and
all sources of drinking water.

These researchers created a number of categories
and used a range of factors measured in other studies to
estimate the water categories. The water that is found in
food, based on food composition table data, was 393 mL
for children. The water that was added as a result of
cooking (e.g., rice) was 95 mL. Water consumed as a bev-
erage directly as water was 624 mL. The water found in
other fluids, as noted, comprised the remainder of the
milliliters, with the highest levels in whole-fat milk and
juices (506 mL). There is a small discrepancy between the
Ershow data regarding total fluid intake measures for
these children and the normal USDA figures. That is
because the USDA does not remove milk fats and solids,
fiber, and other food constituents found in beverages,
particularly juice and milk.

Table 2 Categories of evidence used in evaluating the quality of reports.
Classification Description
Strong Evidence from a meta-analysis of randomized, controlled trials
Strong Evidence from at least one randomized, controlled trial
Less strong Evidence from at least one controlled study without randomization
Less strong Evidence from at least one other type of quasi-experimental study
Weaker Evidence from descriptive studies, such as comparative studies, correlation studies, and

case control studies
Weaker Evidence from expert committee reports, opinions or clinical experience of respected

authorities, or both
Inconsistent Evidence from small studies with inconsistent outcomes
Speculative Posited relationships are based essentially on extrapolation from mechanism
Data adapted from Manz.104
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A key point illustrated by these nationally represen-
tative US data is the enormous variability between survey
waves in the amount of water consumed (see Figure 1,
which highlights the large variation in water intake as
measured in these surveys). Although water intake by
adults and children increased and decreased at the same
time, for reasons that cannot be explained, the variation
was greater among children than adults. This is partly
because the questions the surveys posed varied over time
and there was no detailed probing for water intake,

because the focus was on obtaining measures of macro-
and micronutrients. Dietary survey methods used in the
past have focused on obtaining data on foods and bever-
ages containing nutrient and non-nutritive sweeteners
but not on water. Related to this are the huge differences
between the the USDA surveys and the National Health
and Nutrition Examination Survey (NHANES) per-
formed in 1988–1994 and in 1999 and later. In addition,
even the NHANES 1999–2002 and 2003–2006 surveys
differ greatly. These differences reflect a shift in the mode

Table 3 Summary of evidence for association of hydration status with chronic diseases.
Chronic disease Evidence level* Findings
Urolithiasis Strong Increased urine volume from increased fluid intake reduces stone

recurrence. Favorable associations between increased hydration status
and lower stone recurrence rate.

Bronchopulmonary
disorders

Strong Exercise-related asthma is linked with low fluid intake.127

Hypertonic dehydration
in infants

Less strong In infants with gastroenteritis, a high urine osmolality due to a high
protein and sodium content of formula and weaning foods increases
the risk of hypertonic dehydration.128

Diabetic hyperglycemia
and ketoacidosis

Less strong In diabetics, experimentally induced dehydration promotes development
of hyperglycemia.129

Higher serum osmolality at time of hospital admission was the most
important predictor of death in children with diabetic ketoacidosis.130

Morphological and
functional changes
in the kidney

Weaker In patients with polycystic kidney disease and chronic renal failure,
sustained high urine volumes with urine osmolalities below plasma
osmolality accelerate the decline of glomerular filtration rate.131

Hypertension Weaker In diabetic patients, lower urine flow and sodium excretion rates are
associated with higher blood pressure during the day and a reduced fall
in blood pressure at night.132 In a study of 1,688 healthy men, a low
day-to-night ratio for urine production was not associated with
hypertension.133 In one study, eight male hypertensive volunteers and
eight controls were exercised in a hot environment with or without
water ingestion. In hypertensive men, water ingestion increased
exercise-related differences in their systolic and diastolic blood
pressure.

Fatal coronary heart disease Weaker High water intake is associated with lower risk of fatal heart disease.134

Venous thromboembolism Weaker High serum osmolality after stroke is associated with increased rate of
thromboembolism.135

Cerebral infarct (stroke) Weaker Increased serum osmolality or hematocrit is associated with increased risk
of stroke morbidity/mortality.136,137

Stroke patients with initial midrange hematocrit have better discharge
outcomes.138

Dental diseases Weaker Salivary output decreases with dehydration. Hypohydration may be linked
with dental disease.

Urinary tract infection (UTI) Weaker Occurrence of UTI is associated with low fluid intake or low urine
output.139,140 No definitive evidence links susceptibility to UTI to fluid
intake.

Bladder and colon cancer Inconsistent Generally no association between fluid intake and cancer risk or tumor
recurrence.141–143

Gallstone Speculative Water intake induces gallbladder emptying, suggesting that a high daily
water intake may prevent gallstone formation.144

Mitral valve prolapse Speculative Mitral valve prolapse developed after dehydration in 1 in 10 healthy
men.145

Glaucoma Speculative Dehydration reduces intraocular pressure and elevated colloid osmotic
pressure.146 Intraocular pressure increases minutes after water ingestion
and remains elevated above baseline for up to 45 min post-ingestion.147

* Categories of evidence: described in Table 2.
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of questioning with questions on water intake being
included as part of a standard 24-h recall rather than as
stand-alone questions. Water intake was not even mea-
sured in 1965, and a review of the questionnaires and the
data reveals clear differences in the way the questions
have been asked and the limitations on probes regarding
water intake. Essentially, in the past people were asked
how much water they consumed in a day and now they
are asked for this information as part of a 24-h recall
survey. However, unlike for other caloric and diet bever-
ages, there are limited probes for water alone. The results
must thus be viewed as crude approximations of total
water intake without any strong research to show if they
are over- or underestimated. From several studies of
water and two ongoing randomized controlled trials per-
formed by us, it is clear that probes that include consid-
eration of all beverages and include water as a separate
item result in the provision of more complete data.

Water consumption data for Europe are collected far
more selectively than even the crude water intake ques-
tions from NHANES. A recent report from the European
Food Safety Agency provides measures of water con-
sumption from a range of studies in Europe.4,105,108,109

Essentially, what these studies show is that total water
intake is lower across Europe than in the United States.As
with the US data, none are based on long-term, carefully
measured or even repeated 24-h recall measures of water
intake from food and beverages. In an unpublished
examination of water intake in UK adults in 1986–1987
and in 2001–2002, Popkin and Jebb have found that
although intake increased by 226 mL/day over this time
period, it was still only 1,787 mL/day in the latter period
(unpublished data available from BP); this level is far
below the 2,793 mL/day recorded in the United States for

2005–2006 or the earlier US figures for comparably aged
adults.

A few studies have been performed in the United
States and Europe utilizing 24-h urine and serum osmo-
lality measures to determine total water turnover and
hydration status. Results of these studies suggest that US
adults consume over 2,100 mL of water per day while
adults in Europe consume less than half a liter.4,110 Data
on total urine collection would appear to be another
useful measure for examining total water intake. Of
course, few studies aside from the Donald Study of an
adolescent cohort in Germany have collected such data
on population levels for large samples.109

Effects of water consumption on overall energy intake

There is an extensive body of literature that focuses on the
impact of sugar-sweetened beverages on weight and
the risk of obesity, diabetes, and heart disease; however,
the perspective of providing more water and its impact on
health has not been examined. The literature on water
does not address portion sizes; instead, it focuses mainly
on water ad libitum or in selected portions compared
with other caloric beverages. A detailed meta-analysis of
the effects of water intake alone (i.e., adding additional
water) and as a replacement for sugar-sweetened bever-
ages, juice, milk, and diet beverages appears elsewhere.111

In general, the results of this review suggest that
water, when consumed in place of sugar-sweetened bev-
erages, juice, and milk, is linked with reduced energy
intake. This finding is mainly derived from clinical
feeding studies but also from one very good randomized,
controlled school intervention and several other epide-
miological and intervention studies. Aside from the issue

Figure 1 Water consumption trends from USDA and NHANES surveys (mL/day/capita), nationally representative. Note:
this includes water from fluids only, excluding water in foods. Sources for 1965, 1977–1978, 1989–1991, and 1994–1998, are
USDA. Others are NHANES and 2005–2006 is joint USDA and NHANES.
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of portion size, factors such as the timing of beverage and
meal intake (i.e., the delay between consumption of the
beverage and consumption of the meal) and types of
caloric sweeteners remain to be considered. However,
when beverages are consumed in normal free-living con-
ditions in which five to eight daily eating occasions are the
norm, the delay between beverage and meal consumption
may matter less.112–114

The literature on the water intake of children is
extremely limited. However, the excellent German school
intervention with water suggests the effects of water on
the overall energy intake of children might be compa-
rable to that of adults.115 In this German study, children
were educated on the value of water and provided with
special filtered drinking fountains and water bottles in
school. The intervention schoolchildren increased their
water intake by 1.1 glasses/day (P < 0.001) and reduced
their risk of overweight by 31% (OR = 0.69, P = 0.40).

WATER REQUIREMENTS: EVALUATION OF THE
ADEQUACY OF WATER INTAKE

Classically, water data are examined in terms of milliliters
(or some other measure of water volume consumed per
capita per day by age group). This measure does not link
fluid intake and caloric intake. Disassociation of fluid and
calorie intake is difficult for clinicians dealing with older
persons with reduced caloric intake. This milliliter water
measure assumes some mean body size (or surface area)
and a mean level of physical activity – both of which are
determinants of not only energy expenditure but also
water balance. Children are dependent on adults for
access to water, and studies suggest that their larger
surface area to volume ratio makes them susceptible to
changes in skin temperatures linked with ambient tem-
perature shifts.116 One option utilized by some scholars is
to explore food and beverage intake in milliliters per kilo-
calorie (mL/kcal), as was done in the 1989 US recom-
mended dietary allowances.4,117 This is an option that is
interpretable for clinicians and which incorporates, in
some sense, body size or surface area and activity. Its
disadvantage is that water consumed with caloric bever-
ages affects both the numerator and the denominator;
however, an alternative measure that could be indepen-
dent of this direct effect on body weight and/or total
caloric intake is not presently known.

Despite its critical importance in health and nutri-
tion, the array of available research that serves as a basis
for determining requirements for water or fluid intake,
or even rational recommendations for populations, is
limited in comparison with most other nutrients. While
this deficit may be partly explained by the highly sensitive
set of neurophysiological adaptations and adjustments
that occur over a large range of fluid intakes to protect

body hydration and osmolarity, this deficit remains a
challenge for the nutrition and public health community.
The latest official effort at recommending water intake for
different subpopulations occurred as part of the efforts to
establish Dietary Reference Intakes in 2005, as reported
by the Institute of Medicine of the National Academies of
Science.3 As a graphic acknowledgment of the limited
database upon which to express estimated average
requirements for water for different population groups,
the Committee and the Institute of Medicine stated:
“While it might appear useful to estimate an average
requirement (an EAR) for water, an EAR based on data is
not possible.” Given the extreme variability in water needs
that are not solely based on differences in metabolism, but
also on environmental conditions and activities, there is
not a single level of water intake that would assure
adequate hydration and optimum health for half of all
apparently healthy persons in all environmental condi-
tions. Thus, an adequate intake (AI) level was established
in place of an EAR for water.

The AIs for different population groups were set as
the median water intakes for populations, as reported in
the National Health and Nutrition Examination Surveys;
however, the intake levels reported in these surveys varied
greatly based on the survey years (e.g., NHANES 1988–
1994 versus NHANES 1999–2002) and were also much
higher than those found in the USDA surveys (e.g., 1989–
1991, 1994–1998, or 2005–2006). If the AI for adults, as
expressed in Table 5, is taken as a recommended intake,
the wisdom of converting an AI into a recommended
water or fluid intake seems questionable. The first
problem is the almost certain inaccuracy of the fluid
intake information from the national surveys, even
though that problem may also exist for other nutrients.
More importantly, from the standpoint of translating an
AI into a recommended fluid intake for individuals or
populations, is the decision that was made when setting
the AI to add an additional roughly 20% of water intake,
which is derived from some foods in addition to water
and beverages. While this may have been a legitimate
effort to use total water intake as a basis for setting the AI,
the recommendations that derive from the IOM report
would be better directed at recommendations for water
and other fluid intake on the assumption that the water
content of foods would be a “passive” addition to total
water intake. In this case, the observations of the dietary
reference intake committee that it is necessary for water
intake to meet needs imposed by metabolism and envi-
ronmental conditions must be extended to consider three
added factors, namely body size, gender, and physical
activity. Those are the well-studied factors that allow a
rather precise measurement and determination of energy
intake requirements. It is, therefore, logical that those
same factors might underlie recommendations to meet
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water intake needs in the same populations and individu-
als. Consideration should also be given to the possibility
that water intake needs would best be expressed relative
to the calorie requirements, as is done regularly in the
clinical setting, and data should be gathered to this end
through experimental and population research.

It is important to note that only a few countries
include water on their list of nutrients.118 The European
Food Safety Authority is developing a standard for all
of Europe.105 At present, only the United States and
Germany provide AI values for water.3,119

Another approach to the estimation of water require-
ments, beyond the limited usefulness of the AI or
estimated mean intake, is to express water intake require-
ments in relation to energy requirements in mL/kcal. An
argument for this approach includes the observation that
energy requirements for each age and gender group are
strongly evidence-based and supported by extensive
research taking into account both body size and activity
level, which are crucial determinants of energy expendi-
ture that must be met by dietary energy intake. Such
measures of expenditure have used highly accurate
methods, such as doubly labeled water; thus, estimated
energy requirements have been set based on solid data
rather than the compromise inherent in the AIs for water.
Those same determinants of energy expenditure and rec-
ommended intake are also applicable to water utilization
and balance, and this provides an argument for pegging
water/fluid intake recommendations to the better-
studied energy recommendations. The extent to which
water intake and requirements are determined by energy
intake and expenditure is understudied, but in the clinical
setting it has long been practice to supply 1 mL/kcal

administered by tube to patients who are unable to take in
food or fluids. Factors such as fever or other drivers of
increased metabolism affect both energy expenditure and
fluid loss and are thus linked in clinical practice. This
concept may well deserve consideration in the setting of
population intake goals.

Finally, for decades there has been discussion about
expressing nutrient requirements per 1,000 kcal so that a
single number would apply reasonably across the spec-
trum of age groups. This idea, which has never been
adopted by the Institute of Medicine and the National
Academies of Science, may lend itself to an improved
expression of water/fluid intake requirements, which
must eventually replace the AIs. Table 5 presents the IOM
water requirements and then develops a ratio of mL/kcal
based on them. The European Food Safety Agency refers
positively to the possibility of expressing water intake
recommendations in mL/kcal as a function of energy
requirements.105 Outliers in the adult male categories,
which reach ratios as high as 1.5, may well be based on the
AI data from the United States, which are above those in
the more moderate and likely more accurate European
recommendations.

The topic of utilizing mL/kcal to examine water
intake and water gaps is explored in Table 6, which takes
the full set of water intake AIs for each age-gender group-
ing and examines total intake. The data suggest a high
level of fluid deficiency. Since a large proportion of fluids
in the United States is based on caloric beverages and this
proportion has changed markedly over the past 30 years,
fluid intake increases both the numerator and the
denominator of this mL/kcal relationship. Nevertheless,
even using 1 mL/kcal as the AI would leave a gap for all

Table 5 Water requirements expressed in relation to energy recommendations.
Age group (y) Kcal/d estimated energy

requirement
Al for fluid
intake (mL/d)

Ratio AI mL/d:
EER Kcal/d

Children 2–3 1000–1400 1300 0.93
Female
4–8 1400–1600 1700 1.06
9–13 1600–2000 2100 1.05
14–18 2000 2300 1.15
19–30 2000–2200 2700 1.23
31–50 2000 2700 1.35
50+ 1800 2700 1.5
Male
4–8 1400–1600 1700 1.06
9–13 1800–2000 2400 1.20
14–18 2400–2800 3300 1.18
19–30 2600–2800 3700 1.32
31–50 2400–2600 3700 1.42
50+ 2200–2400 3700 1.54
AI for total fluids derived from dietary reference intakes for water, potassium, sodium, chloride, and sulphate.
Ratios for water intake based on the AI for water in liters/day calculated using EER for each range of physical activity. EER adapted from
the Institute of Medicine Dietary Reference Intakes Macronutrients Report, 2002.
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children and adolescents. The NHANES physical activity
data were also translated into METS/day to categorize all
individuals by physical activity level and thus varying
caloric requirements. Use of these measures reveals a
fairly large fluid gap, particularly for adult males as well as
children (Table 6).

CONCLUSION

This review has pointed out a number of issues related
to water, hydration, and health. Since water is undoubt-
edly the most important nutrient and the only one for
which an absence will prove lethal within days, under-
standing of water measurement and water requirements
is very important. The effects of water on daily perfor-
mance and short- and long-term health are quite clear.
The existing literature indicates there are few negative
effects of water intake while the evidence for positive
effects is quite clear.

Little work has been done to measure total fluid
intake systematically, and there is no understanding of
measurement error and best methods of understanding
fluid intake. The most definitive US and European docu-
ments on total water requirements are based on these
extant intake data.3,105 The absence of validation methods
for water consumption intake levels and patterns
represents a major gap in knowledge. Even varying the
methods of probing in order to collect better water recall
data has been little explored.

On the other side of the issue is the need to under-
stand total hydration status. There are presently no

acceptable biomarkers of hydration status at the popu-
lation level, and controversy exists about the current
knowledge of hydration status among older Ameri-
cans.6,120 Thus, while scholars are certainly focused on
attempting to create biomarkers for measuring hydra-
tion status at the population level, the topic is currently
understudied.

As noted, the importance of understanding the role
of fluid intake on health has emerged as a topic of
increasing interest, partially because of the trend toward
rising proportions of fluids being consumed in the form
of caloric beverages. The clinical, epidemiological, and
intervention literature on the effects of added water on
health are covered in a related systematic review.111 The
use of water as a replacement for sugar-sweetened bever-
ages, juice, or whole milk has clear effects in that energy
intake is reduced by about 10–13% of total energy intake.
However, only a few longer-term systematic interven-
tions have investigated this topic and no randomized,
controlled, longer-term trials have been published to
date. There is thus very minimal evidence on the effects of
just adding water to the diet and of replacing water with
diet beverages.

There are many limitations to this review. One cer-
tainly is the lack of discussion of potential differences in
the metabolic functioning of different types of bever-
ages.121 Since the literature in this area is sparse, however,
there is little basis for delving into it at this point. A
discussion of the potential effects of fructose (from all
caloric sweeteners when consumed in caloric beverages)
on abdominal fat and all of the metabolic conditions
directly linked with it (e.g., diabetes) is likewise

Table 6 Water intake and water intake gaps based on US Water Adequate Intake Recommendations (based on
utilization of water and physical activity data from NHANES 2005–2006).
Age Group Total mL mL/kcal Gap assuming

1 mL/kcal AI (liters)
Gap based on actual METS activity (liters)
Sedentary Moderate Active Total US*

Children 2–3 1076 0.76 -0.38 -0.82 NA NA -0.82
Female
4–8 1085 0.67 -0.63 -1.35 NA NA -1.35
9–13 1384 0.80 -0.54 -1.20 -0.98 -0.40 -1.12
14–18 1701 1.03 -0.22 -0.83 -0.36 0.00 -0.63
19–30 2336 1.37 0.32 -0.51 0.27 0.54 -0.37
31–50 2513 1.77 0.64 -0.34 0.47 0.32 -0.24
51+ 2219 1.49 0.58 -0.60 0.29 0.11 -0.51
Male
4–8 1214 0.67 -0.67 -1.07 NA NA -1.07
9–13 1523 0.74 -0.67 -1.45 -0.75 -0.96 -1.35
14–18 2450 0.94 -0.44 -2.04 -1.2 -0.86 -1.52
19–30 3189 1.21 0.29 -1.30 -0.65 -0.60 -1.09
31–50 3361 1.28 0.48 -1.54 -0.65 -0.09 -1.37
51+ 2595 1.20 0.28 -1.65 -1.45 -1.16 -1.61
85% 7% 8%
Note: Recommended water intake for actual activity level is the upper end of the range for moderate and active.
*A weighted average for the proportion of individuals in each METS-based activity level.
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lacking.122–125 A further limitation is the lack of detailed
review of the array of biomarkers being considered to
measure hydration status. Since there is no measurement
in the field today that covers more than a very short time
period, except for 24-hour total urine collection, such a
discussion seems premature.

Some ways to examine water requirements have
been suggested in this review as a means to encourage
more dialogue on this important topic. Given the sig-
nificance of water to our health and of caloric beverages
to our total energy intake, as well as the potential risks
of nutrition-related noncommunicable diseases, under-
standing both the requirements for water in relation to
energy requirements, and the differential effects of water
versus other caloric beverages, remain important out-
standing issues.

This review has attempted to provide some sense of
the importance of water to our health, its role in relation-
ship to the rapidly increasing rates of obesity and other
related diseases, and the gaps in present understanding of
hydration measurement and requirements. Water is
essential to our survival. By highlighting its critical role, it
is hoped that the focus on water in human health will
sharpen.
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