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ORIGINAL COMMUNICATION

24-h hydration status: parameters, epidemiology and
recommendations

F Manz'* and A Wentz!

!Research Institute of Child Nutrition, Dortmund, Germany

Hydration of individuals and groups is characterised by comparing actual urine osmolality (Uosm) with maximum Uosm. Data of
actual, maximum and minimum Uosm in infants, children and adults and its major influencing factors are reviewed. There are
remarkable ontogenetic, individual and cultural differences in Uosm. In the foetus and the breast-fed infant Uosm is much lower
than plasma osmolality, whereas in children and adults it is usually much higher. Individuals and groups may show long-term
differences in Uosm. In industrialised countries, the gender difference of Uosm is common. There are large intercultural
differences of mean 24-h Uosm ranging from 860 mosm/kg in Germany, 649 mosm/kg in USA to 392 mosm/kg in Poland. A
new physiologically based concept called ‘free-water reserve’ quantifies differences in 24-h euhydration. In 189 boys of the
DONALD Study aged 4.0-6.9y, median urine volume was 497 ml/24-h and median Uosm 809 mosm/kg. Considering
mean—2s.d. of actual maximum 24-h Uosm of 830 mosm/kg as upper level of euhydration and physiological criterion of
adequate hydration in these boys, median free-water reserve was 11 ml/24-h. Based on median total water intake of 1310 ml/
24-h and the third percentile of free-water volume of —156 ml/24-h, adequate total water intake was 1466 ml/24-h or 1.01 ml/
kcal. Data of Uosm in 24-h urine samples and corresponding free-water reserve values of homogeneous groups of healthy
subjects from all over the world might be useful parameters in epidemiology to investigate the health effects of different levels of

24-h euhydration.
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Introduction

Water is the most abundant compound in the body with
unique physicochemical characteristics. There is increasing
evidence that even mild dehydration, defined as a 1-2% loss
in body mass caused by fluid loss, impairs exercise perfor-
mance, affects overall health in the elderly and increases the
risk of urinary stone disease (Kleiner, 1999). Nevertheless,
water intake is frequently disregarded for three main reasons.
Firstly, in the past the scientific interest of medicine with
regard to water metabolism has mainly concentrated on the
extremes, that is, severe dehydration and water intoxication.
Secondly, there is no universally accepted laboratory method
to characterise individual hydration status. Thirdly, water
requirement depends on several factors (eg climate, physical
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activity, renal solute load). It is, therefore, impossible to set
general values for water requirements. In the United King-
dom, for example, water is not included in the list of dietary
reference values (Department of Health, 1991) and in the
USA a total water intake of 1.5ml/kcal is recommended in
infants and 1ml/kcal in children and adults for practical
purposes only (National Research Council, 1989).

Water intake is the sum of water in food and beverages
plus metabolic water. Water output is the sum of water losses
by the lung, skin, intestine and kidney. Water homeostasis is
regulated by a multiple-loop feedback system. The most
important loop includes the hypothalamus, the hypophysis
and the kidney. In the hypothalamus and hypophysis
plasma tonicity modulates the secretion of vasopressin.
Plasma vasopressin activates the concentrating mechanisms
of the kidney and therefore, plays a dominant role in the
adjustment of plasma tonicity. Acute changes in the
hydration status are commonly designated as dehydration
or rehydration. Differences in the steady-state hydration
status are called hypohydration, euhydration or hyperhydra-
tion. However, there are no universally accepted definitions



or laboratory methods to characterise the different forms of
hydration status (Shirreffs, 2000).

In the following, differences in euhydration characterised
by urine osmolality (Uosm) and a new physiologically based
parameter to characterise euhydration (‘free-water reserve’)
are presented.

Definition of euhydration

In a subject, maximum and minimum Uosm define the
range of euhydration (Figure 1). Delineating the data of
maximum and minimum Uosm on a logarithmic scale, the
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Figure 1 Definitions of 24-h hydration status: In a subject

individual minimum and maximum 24-h urine osmolality character-
ise 24-h hydration status of hypohydration, euhydration and
hyperhydration. In a group in which only mean and standard
deviation values of minimum and maximum urinary osmolality of a
representative subgroup of subjects are known, three categories of
24-h hydration can be characterised using data of Uosm: risk of
hypohydration (Uosm>mean—2s.d. value of maximum Uosm),
euhydration (mean —2s.d. value of maximum Usom >Uosm >mean
+2s.d. value of minimum Uosm) and risk of hyperhydration
(Uosm<mean + 2s.d. value of minimum Uosm). Additional clinical
or biochemical signs of hypo(hyper)-hydration are necessary to
diagnose hypo(hyper)-hydration in a subject of this life stage and
gender group.
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two functional capacities are almost equidistant from plasma
osmolality, allowing the kidney to overcome differences in
urinary water excretion rates up to a factor of 20. If in a
particular life stage and gender group values of maximum
and minimum Uosm are only known in a representative
subgroup of subjects, three categories of 24-h hydration can
be characterised using data of Uosm: risk of hypohydration
(Uosm>mean—2s.d. value of maximum Uosm), euhydra-
tion (mean—2s.d. value of maximum Usom>Uosm >
mean +2s.d. value of minimum Uosm) and risk of
hyperhydration (Uosm<mean+2s.d. value of minimum
Uosm) (Figure 1). In a subject of this life stage and gender
group diagnosis of hypo(hyper)-hydration presumes, how-
ever, additional clinical or biochemical signs of hypo(hyper)-
hydration. Thus, in groups of healthy subjects mean —2s.d.
value of maximum Uosm may be used as a physiologically
based criterion for the ‘safe’ upper level of euhydration
ensuring euhydration in 97.7% of the subjects (Manz et al,
2002).

Maximum and minimum Uosm and age

Figure 2 shows mean values of maximum and minimum
Uosm in groups of term and preterm infants fed either
human milk or different infant formulas. There is a rapid
increase in maximum renal concentration capacity in the
first months of life. Normal levels for children were reached
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Figure 2 Mean values of maximum and minimum urine osmolality
in standardised tests of renal concentrating and diluting capacity
according to postnatal age, gestational age (preterm and term
infants) and nutrition (human milk, cow’s milk, cow’s milk formula ,
humanised formula, beikost): (®) human milk in preterm infants
(Smith et al, 1949; Fisher et al, 1963), (H) human milk in term
infants (McCance and Widdowson, 1954; Janovsky et al, 1968;
Marild et al, 1992), (O) humanised formula (Edelmann et al, 1960;
Janovsky et al, 1968; Svenningsen and Aronson, 1974; Marild et al,
1992) (xr) cow’s milk and cow’s milk formula (Pratt et al, 1948;
Barnett et al, 1952; Hansen and Smith, 1953; Edelmann et al, 1960;
Drescher et al, 1962; Polacek et al, 1965; Janovsky et al, 1968), (+)
formula and beikost (Polacek et al, 1965; Rodriguez-Soriano et al,
1981; Assadi, 1990), (—) regression line (Winberg, 1959); (®-@®;
co-3t) repeated tests in the same infants; 830 mosm/kg: mean
—2s.d. of maximum Uosm in healthy children and adolescents
consuming a typical affluent Western-type diet; 285 mosm/kg: mean
plasma osmolality.
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at the age of about 6 months. Minimum Uosm decreased
with age. Thus, young infants showed a structurally and
functionally lower renal concentrating and diluting capacity
than older infants and children.

In Figure 3, mean values of maximum and minimum
Uosm in healthy children and adults after fluid restriction
and/or the administration of vasopressin are presented.
Older adults showed lower values of maximum and higher
values of minimum Uosm than children or young adults. In
six groups of adults the median decrease in maximum Uosm
was 3.4 mosm/kg/y (Lindeman et al, 1966; Rowe et al, 1976;
Nadvornikova et al, 1980; Tencer, 1988; Tryding et al, 1988;
Tan et al, 1991).

Functional modulation of maximum Uosm

Maximum Uosm is dependent on age and is mainly
modulated by the duration of water restriction, the level of
protein and sodium intake and strenuous physical activity.
In young adults the prolongation of water restriction from
10-16 to 20-36 h increased mean maximum Uosm by 116 to
230 mosm/kg, respectively (Miles et al, 1954; Nadvornikova
et al, 1980; Baumgarten et al, 2000). Fluid restriction for 3
days resulted in an additional increase in mean maximum
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Figure 3 Mean values (A, ®, ) and regression lines (—) of
maximum urine osmolality in standardised tests of renal concentrat-
ing and diluting capacity according to age in children and adults:
results of renal concentrating test with (A) vasopressin after high
fluid intake (Bendz, 1985); (®)12-18h fluid restriction and/or
vasopressin (children: Winberg, 1959; Edelmann et al, 1967;
Monnens, 1971; Uttley et al, 1972; Abyholm and Monn, 1979;
Stapleton and Miller, 1988; Marild et al, 1992; maximum Uosm:
1054+112mosm/kg (mean+s.d.); 830 mosm/kg (mean —2s.d.);
adults: Miles et al, 1954; Isaacson, 1960; Toor et al, 1965; Macarnon
et al, 1975; Rowe et al, 1976; Alwall, 1978; Monson and Richards
1978; Curtis and Donovan, 1979; Giillner et al, 1980; Askergren et al,
1981; Koppeschaar et al, 1985; Tencer, 1988; Tryding et al, 1988;
Tan et al, 1991; Baumgarten et al, 2000; decrease in maximum
Uosm at an age above 20y: 3.4 mosm/kg/y); ((J) more than 18h
fluid restriction and/or high protein intake (Miles et al, 1954; Polacek
et al, 1965; Lindeman et al, 1966; Nadvornikova et al, 1980) mean
values (*) and regression lines (—) of minimum urinary osmolality in
renal diluting tests in children and adults during high oral water
intake or intravenous hypotonic saline (Lindeman et al, 1966; Klahr
et al, 1967; Rodriguez-Soriano et al, 1981; DiScala and Stein, 1982).
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Uosm of 400 mosm/kg (Epstein ef al, 1957a) compared to
12h fluid restriction after long-term high fluid intake
(5000 ml/24-h for 3 days). Infants fed protein-rich cow’s
milk or cow’s milk formulas showed higher maximum Uosm
values (Figure 2). In adults, mean maximum Uosm with a
high protein intake was 300 mosm/kg higher than with a low
protein intake (Epstein et al, 1957b; Levinsky et al, 1959;
Macaron et al, 1975; Koppeschaar et al, 1985). The difference
in mean maximum Uosm between a sodium intake of 20 and
150 mmol/24-h was 74 or 94 mosm/kg (Koppeschaar et al,
1985). In dehydrated soldiers, heavy physical exercise
transiently decreased maximum Uosm by up to 300 mosm/
kg (Raisz et al, 1959; Schrier et al, 1970). If the mean Uosm
of a group is to be commented on, age and functional status
of the kidney should be taken into account.

Differences of euhydration characterised by urine
osmolality

Many indices have been investigated to establish their
potential as markers of hydration status. Current evidence
and opinion tends to favour urine indices, especially
osmolality as the most promising marker available (Shirreffs,
2000). Uosm above plasma osmolality implies functional
water conservation, Uosm below plasma osmolality implies a
functional surplus of water. Osmolality is, however, only a
measure of concentration. In order to quantify individual
24-h hydration status, 24-h urine volume, 24-h urine solute
excretion and maximum Uosm have to be considered
additionally. In the following, an overview on available data
of Uosm considering, for example, renal solute excretion,
age, gender and different populations is presented.

Renal solute excretion

Renal solute excretion determines obligatory urine volume.
For example, an additional intake and urine excretion of
100 mmol sodium chloride increases the obligatory urine
volume by 240ml at an assumed maximum Uosm of
830 mosm/kg.

Until the 1970s, the high renal solute load of artificially
fed infants was an important risk factor in the development
of hypernatremic dehydration, a complication of acute
infantile diarrhoea with a high mortality rate (Finberg,
1986). Renal osmolar load in preterm and term infants fed
with cow’s milk was 29 mosm/kg*24-h (Pratt & Snyderman,
1953; Calcagno & Rubin, 1954; Janovsky et al, 1968), with
cow’s milk formula 17.9 mosm/kg*24-h (Pratt & Snyderman,
1953; Calcagno & Rubin, 1954; Janovsky et al, 1968), with
humanised formula 10.4 mosm/kg*24-h (Saigal & Sinclair,
1977; Manz et al, 1992) and with human milk 7.4 mosm/
kg*24-h (Calcagno & Rubin, 1960; Manz et al, 1992).

In adults urine solute excretion ranged from 1365 mosm/
24-h in miners on a rest day in Australia (Cross et al, 1989)
to about 400 mosm/24h*1.73m? in sweet potato eaters in
Papua New Guinea (Oomen, 1967) and 362 mosm/24-h in



fasting subjects receiving 100 g glucose (Gamble, 1944). In
industrialised countries, urine solute excretion is about
800 mosm/24h*1.73m?) in children and adults (Chaptal
et al, 1963; Kirkland et al, 1983; Hohler et al, 1994). Urea
excretion contributes to about 40% and sodium chloride to
about 35-44% of total renal solute excretion (Manz et al,
1984; Kanabrocki et al, 1988). On a diet with sweet potatoes,
during fasting or in diabetic ketoacidosis the percentage of
the sum of urea, sodium and chloride on the total solute
excretion is only 14, 31 or 43%, respectively (Oomen, 1967;
Halperin et al, 1988).

Individual character

Individuals may show long-term differences in hydration
status. In 805 adults taking part in the international study of
electrolyte excretion and blood pressure (INTERSALT)
age- and sex-adjusted estimates of reliability for urine
volume ranged from 0.49 to 0.57 indicating a lower
intraindividual variance in 24-h urine volume than inter-
individual variance (Dyer et al, 1994). In 630 children and
adolescents from the DONALD Study with 3024 validated
24-h  urine samples Uosm was 742+218mosm/kg
(mean+s.d.). Interindividual variance explained 34% of
total variance (unpublished data).

Mother and foetus

In pregnant women extracellular volume is expanded, the
set point of vasopressin secretion is shifted to plasma
osmolality levels which are about 10 mosm/kg lower than
in nonpregnant women and the metabolic clearance rate of
vasopressin is four times higher (Hytten & Thomson, 1965;
Hytten & Robertson, 1971; Agboola & Adewoye, 1978;
Davison et al, 1993). Uosm may be unchanged during
pregnancy or lower in pregnant than in non-pregnant
women (Hadley et al, 1975; Agboola & Adewoye, 1978). In
the foetal sheep plasma osmolality is about 3-5 mosm/kg
lower than plasma osmolality in the ovine ewe. Furthermore,
osmolality of amniotic fluid and fetal urine is constantly
lower than plasma osmolality of the foetus. Finally, there is a
negative correlation between the amniotic fluid volume
and plasma osmolality of the ovine ewe (Schreyer et al,
1990; Ross et al, 1996a). Similar data were observed
in the human foetus (Curran et al, 1998). In pregnant
women with oligohydramnios, an additional water
intake appeared to increase the amniotic fluid volume
(Ross et al, 1996b; Kilpatrick, 1997). However, the usefulness
and safety have yet to be established. Thus, the pregnant
woman is in a transient functional status of ‘hypo-
osmolality’ and the foetus with a specifically high total
body water content (eg 88% at a total body mass of 200 g;
79% at 2000 g) (Diem & Lentner, 1968) and diuresis is in a
physiologic status of euhydration with a steady functional
surplus of water.
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Neonatal period
In infants fed human milk, mean Uosm was 130 mosm/kg
ranging from 80 to 171 mosm/kg (Calcagno & Rubin, 1954;
Janovsky et al, 1968; Widdowson & McCance, 1970; Stevens
& Savage, 1972; Armelini & Gonzalez, 1979; Manz, 1979;
Goldberg & Adams, 1983). These values are just above the
range of risk of hyperhydration. Mean Uosm in infants fed
humanised formulas was 161 mosm/kg (104-257 mosm/Kkg)
(Calcagno & Rubin, 1960; Janovsky et al, 1968; Saigal &
Sinclair, 1977; Joppich et al, 1979; Manz, 1979) and in
infants fed high-protein formulas 457 mosm/kg (334-
658 mosm/kg) (Pratt et al, 1948; Pratt & Snyderman, 1953;
Calcagno & Rubin, 1954; Janovsky et al, 1968). With regard
to energy intake an infant fed mothers milk excreted
7.1mosm per 100 kcal (Calcagno & Rubin, 1960; Manz et al,
1992), whereas an adult on a mixed diet excreted 30 mosm
per 100kcal (Hohler et al, 1994). Summarising, the foetus
and the breast-fed infant are well euhydrated with a
hydration close to the category of risk of hyperhydration.
The low solute load of human milk probably is the result of
an evolutionary selection of those mother-infant pairs in
which the mother saved her nutrient pools without exposing
her offspring to an increased risk of nutrient deficiencies. In
infants with a low total body water pool related to energy
turnover, the low renal solute load of human milk and the
high obligatory water intake minimise the risk of dehydra-
tion in a hot climate or in acute gastroenteritis and may
support a high anabolic rate.

Infants consuming supplementary food had higher values
of Uosm (580 mosm/kg; Widdowson & McCance, 1970) than
infants fed only on human milk or humanised formulas.

Childhood, adult state and old age

In many countries, Uosm increased during the second and
third year of life up to the very specific common level of
children, adolescents and young adults (Chaptal et al, 1963;
Widdowson & McCance, 1970; Werner et al, 1990; Phillip
et al, 1993; Kawauchi et al, 1996; Frenzke et al, 1998). In
cross-sectional studies in healthy adolescents and adults
ranging in age from 15y to about 65y, mean Uosm decreased
by 3.5mosm/kg*y in the USA (Kutz et al, 1992) and 4.4-
4.9 mosm/kg*y in the UK (Waters et al, 1967). This decrease is
very similar to the age decrease in maximum Uosm of about
3.6 mosm/kg*y (Figure 3). Whereas the hydration of the
foetus and the breast-fed infant is close to the category of risk
of hyperhydration, in many countries of the world, the
hydration of children, adults and seniors is close to the
category of risk of hypohydration. Toddlers were in between.

Gender

In the USA, geometric mean of Uosm in spontaneous urine
samples of a subsample of the Second National Health and
Nutrition Examination Survey was 649 mosm/kg in males
and 540mosm/kg in females (P<0.01, Kutz et al, 1992).
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Higher urine osmolalities in males than females were also
demonstrated in Germany (2.5-17.5 y-old: 801 vs 729 mosm/
kg, Robers & Manz, 1996; 7.0-11.9y-old 810 vs 706 mosm/
kg, Ebner & Manz, 2002; 50-76y-old: 713 vs 610 mosm/kg,
Singhof & Manz, 2001) and the UK (15-65y-old: 749 vs
643 mosm/kg, Waters et al, 1967; 3- to 18-y-old: 896 vs
781 mosm/kg, Skinner et al, 1996). However, no significant
sex difference was observed in Italy (3-month- to 12-y-old:
663 mosm/kg, Riva et al, 1984), Israel (2- to 6-y-old: 806 vs
760 mosm/kg, Phillip et al, 1993) and Poland (402 vs
380mosm/kg, Fydryk J, personal communication). Thus, in
industrialised countries the gender difference of Uosm is
common, however, not obligatory.

Different populations

Representative data of Uosm from different countries are
rare. However, in adults taking part in the INTERSALT Study
(n=10079) large differences of mean 24-h urine volume
between 52 centres all over the world hint to differences in
hydration (Intersalt Cooperative Research Group, 1988).
Mean 24-h urine volume in industrialised countries ranged
from 1870 ml in Canada to 850ml in a black population in
the USA. There was a large scattering of mean values in all

continents even between different centres of one country,
for example, in the US or in Germany or between blacks and
whites of the same town.

In Table 1, mean data of Uosm from different countries are
listed according to the mean value of the most sophisticated
study. Furthermore, sampling procedure, sample size, meth-
od of urine collection and age class are given. There are large
intercultural differences ranging from China and Japan with
a mean Uosm of about 900 mosm/kg in spontaneous urine
samples to Poland and Kenya with a mean Uosm of about
400 mosm/kg.

In Germany, a long-term trend of increasing total water
intake has been documented as an indirect sign of a change
in the hydration status of the population (Sichert-Hellert
et al, 2001). Starting about 1900 and stretching over three
generations the German population were advised by scien-
tists in paediatrics, internal medicine, nutrition, physiology
or industrial medicine to keep their total fluid intake low.
These recommendations may explain some aspects of the
ascetic attitude of the German population against a high
fluid intake. The observations of the scientists were usually
correct. Their conclusions and recommendations, however,
turned out to be wrong or overstated. For example, Czerny, a
great German paediatrician, recommended a limited total

Table 1 Mean urine osmolality in healthy subjects from different countries
Subjects Urine sampling

Urine osmolality mean (mosm/kg)  Country Age (y) Sex  Number  Quality  24-h/Spontaneous (Sp)  References
909 China 50 m,f 16 Sp, night® Ligiang et al (1997)
900 Japan 3-12 m, f 1453 Repr® Sp, night Kawauchi et al (1996)
880 Tunisia 20-41 m 15 Sp, morning Zebidi et al (1990)
841 Sweden 12-17 m,f 20 18-h Lackgren et al (1997)
801 Germany 3-18 m, f 231 Repr. 24-h Robers and Manz (1996)

729 3-18 238 Repr. 24-h Robers and Manz (1996)

659 50-76 m,f 566 Repr. Sp, day, night Singhof and Manz (2001)

860 5 m, f 25 24-h Stolley and Schlage (1977)
791 Israel 2-6 m, f 200 Sp, 12:00 Philllip et al (1993)

1028 Adult m 132 Sp, 9:00 Berlyne et al (1976)
776 Russia 6-14 m,f 23 Sp, 9:00 Kutznetsova et al (2000)
755 France 3-14 m,f 46 24-h Chaptal et al (1963)
752 Switzerland  Children m,f 200 Sp, day Guignard and Torrado (1978)
723 Nigeria Adult f 125 Sp, 9:30 Agboola and Adewoye (1978)
699 UK 15-65 m, f 394 Repr. Sp, night Waters et al (1967)

845 3-18 m, f 322 (Repr.)  Sp, night Skinner et al (1996)

536 44 m,f 10 24-h Fogarty (1971)

696 >3 m, f 11 Sp, day Widdowsen and McCance (1970)
676 Denmark Children m, f 22 24-h Rittig et al (1989)
672 Australia 20 m,f 13 24-h Cross et al (1989)
658 Italy 3-12 m,f 75 Sp, 12:00 Riva et al (1984)
649°¢ USA 12-74 f 6990 Repr. 24-h Kutz et al (1992)

540

572 12 m, f 36 24-h Miller and Stapleton (1989)
560 Belgium Children m,f 24 24-h Vande Walle et al (2000)
416 Uganda >3 m,f 3 Sp, day Widdowsen and McCance (1970)
392 Poland 5-18 m, f 52 24-h Fydryk (pers. communicat)
392 Kenya 4-5 m,f 15 3-h Simmons and Korte (1972)

?First morning urine sample.
PRepresentative sample.
“Geometric mean.
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fluid intake of up to 800 ml per day in infants and the early
introduction of solid foods to promote chemical develop-
ment and improve immunity. He connected three observa-
tions: a decrease of total water content from newborns (75%)
to toddlers (70%) and adults (65 to 60%); a decreasing
susceptibility to infections during the first years of life
(Czerny, 1939) and a high susceptibility in infections
together with a high total body water content in infants
who received a low amount of fat and a high amount of
carbohydrates (Czerny, 1942).

Further factors

Several other causes of differences in Uosm between groups
have been specified. In the USA, white population showed a
lower Uosm than black population (Kutz et al, 1992: 581 vs
677 mosm/kg). In four settlements of Israel mean Uosm
ranged from 875 to 1205mosm/kg and indoor workers
showed a lower mean Uosm of 852 mosm/kg than outdoor
workers of 952 mosm/kg (Berlyne et al, 1976). Rural popula-
tions had a lower mean Uosm than suburban or urban
populations (UK: Waters et al, 1967; Thailand: Van Reen et al,
1970). Athletes in nonweight category sports showed a lower
mean morning Uosm of 627mosm/kg than boxers of
775mosm/kg and wrestlers of 777mosm/kg in weight
category sports (Shirreffs & Maughan, 1998).

Adequate total water intake

Unfortunately, there is no way to describe the natural
drinking behaviour or natural range of Uosm in man, as
fluid intake is always influenced by the cultural context. In
an environment with easy access to water, a Uosm in the
range of plasma osmolality would show the highest func-
tional flexibility to adapt to a water deficit or surplus. A
Uosm in the range of plasma osmolality therefore may be
adequate. In pigs with a similar mean plasma osmolality and
mean maximum renal concentrating capacity (1000 mosm/
kg) as man, mean Uosm is 370 mosm/kg during free access
to water and feed (Schiavon and Emmans, 2000).

Concept of dietary reference intakes

The actual concept of dietary reference intakes of the
National Academy of Sciences ‘goes beyond criteria needed
to prevent classical nutrient deficiencies, and includes a
review of data related to the risk of chronic diseases,
developmental disorders, and other related problems’ (Yates
et al, 1998). Based on the pathophysiology or physiologic
functions of a nutrient, criteria of adequacy were defined and
biomarkers registering the criteria were adopted. The
recommended dietary allowance of a nutrient ‘is the intake
at which the risk of inadequacy is very small — only 2-3%’.
It corresponds to ‘the average daily intake level that is
sufficient to meet the nutrient requirement of nearly all
(97% to 98%) healthy individuals in a particular life stage
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and gender group’ (Yates et al, 1998). If sufficient scientific
evidence is not available to define recommended dietary
allowances of a nutrient, adequate intakes are provided. ‘The
adequate intake is based on observed or experimentally
determined estimates of nutrient intake of a group of healthy
people’ (Yates et al, 1998).

Criterion of water requirement

As a physiological criterion for the limit between long-term
euhydration and the range of risk of long-term hypohydra-
tion, the value of the 24-h Uosm was used which corre-
sponds to the mean —2 s.d. value of maximum Uosm of renal
concentrating tests of healthy subjects of the respective age
group. In children and young adults consuming a typical
affluent Western-type diet with a high intake of protein, fat
and sodium chloride and a relatively low intake of complex
carbohydrates from starch and fibre containing foods, this
value is approximately 830 mosm/kg (Manz et al, 2002).

Free water reserve

Osmolality is a measure of concentration. Thus, a new term
representing a volume, the ‘free water reserve (ml/24-h)’, has
been defined as a quantitative measure of individual 24-h
euhydration (Manz et al, 2002). Free water reserve corre-
sponds to the difference between the measured urine volume
(ml/24-h) and the ideal wurine volume (ml/24-h
=mosm#*1000 ml/24-h*mosm) necessary to excrete the
actual 24-h urine solutes (mosm/24-h) at the mean —2s.d.
value of maximum Uosm (eg 830mosm/1000g water in
subjects consuming a typical affluent Westerntype diet)
assuming 1g water equals 1 ml urine. If almost all subjects
(mean +2s.d. or 97.7%) of a population show 24-h Uosm
below the criterion of water requirement (eg 830 mosm/kg)
or positive free-water reserve values, then the population can
be classified as adequately hydrated. In a group with
functionally lower maximum Uosm values, for example, in
sweet potato eaters (Oomen, 1967) calculation of the ideal
volume must take the specific lower mean —2s.d. value of
maximum Uosm into account.

Calculation of adequate total water intake

If in a particular life stage and gender group, both individual
total water intake and free water reserve values are known,
an adequate total daily water intake value can be calculated.
It corresponds to the difference in the observed median total
water intake and the third percentile free water reserve value
of the particular group. In 189 boys aged 4.0-6.9y taking
part in the DONALD (Dortmund Nutritional and Anthropo-
metric Longitudinally Designed) Study with a median weight
of 21.1kg, median energy intake was 1495 kcal/24-h, median
total water intake 1310ml/24-h, median urine volume
497 ml/24-h, median Uosm 809 mosm/kg, median free water
reserve 11ml/24-h, (third percentile: —156 ml/24-h) and
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adequate total water intake 1466ml/24-h or 1.01 ml/kcal
(Manz et al, 2002). Thus, in this age and gender group a
general additional water intake of 156 ml/24-h is necessary
to ensure euhydration in 97.7% of these children and would
result in a predicted median Uosm of 598 mosm/kg (Manz
et al, 2002).

The presented procedure to analyse water metabolism may
prove to be a valuable tool to help characterise 24-h
hydration status, to investigate the effect on health of
different levels of hydration in euhydrated subjects and to
calculate the adequate total daily water intake values in
homogeneous population groups.

Summary

Young infants show a structurally and functionally lower
renal concentrating and diluting capacity than older infants,
children and young adults. Maximum Uosm decreases and
minimum Uosm increases with age starting at 20y. The renal
concentrating capacity is modulated by the duration of
water restriction, the level of protein and sodium intake and
the amount of strenuous physical activity. There are
remarkable differences in 24-h Uosm between subjects and
groups mainly caused by age, individual character, renal
solute excretion, gender and cultural context.

Free water reserve seems to be a new suitable parameter to
quantify individual 24-h euhydration. By accepting mean
—2s.d. of maximum Uosm of specific groups of healthy
subjects as a physiological criterion of water requirement, Al
values of total water intake can be calculated. Data of Uosm
in 24-h urine samples and the free water reserve of
homogeneous groups of healthy subjects all over the world
might be useful parameters in epidemiology to investigate
the health effects of different levels of euhydration.
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