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Abstract : Water is the main component of cells, tissues, and organs, and plays vital roles in macronutrient hy-
drolysis and overall cell function regulation. While low water intake may be sufficient for hydration, several
studies suggest that most children fail to meet water intake guidelines, leading to underhydration as indicated
by elevated hydration biomarkers. We conducted a cross-sectional observational study to examine water intake
and output among high school students, comparing non-athletes and athletes. We enrolled 26 non-athletes and
28 athletes in this study. Water balance was assessed by water intake from foods and beverages, metabolic water
production, and non-renal water loss (NRWL). Moreover, urine was compared. Increases of total water intake
from food and beverage consumption in athletes were significantly higher than those in non-athletes. Further-
more, urinary output was lower and NRWL was 2-3 times higher in athletes than non-athletes. These findings

suggest that large NRWL induces hypohydration in athletes. J. Med. Invest. 72:42-46, February, 2025
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INTRODUCTION

Water is the main constituent of cells, tissues, and organs.
Adequate hydration of body tissues is necessary for health and
life (1, 2), because water is essential for metabolism, substrate
transport across membranes, cellular homeostasis, temperature
regulation, and circulatory function. Net body water balance is
regulated by the processes of thirst and hunger coupled with ad
libitum access to food and beverages to offset water losses (3).

Sedentary individuals living in a temperate climate typically
lose about 5%-10% of total body water, which is replaced on a
daily basis (4). Large increases in water intake require sub-
stantial behavioral changes. A body water deficit is a common
occurrence in athletes following the completion of an exercise
session. It is important to replace water losses to avoid beginning
the next exercise hypohydrated, which may cause detrimental ef-
fects on performance. Detailed and representative data on water
intake and hydration status of Japanese high school athletes are
required to derive intake recommendations.

Water balance can be assessed by water intake from foods
and beverages, metabolic water production, water loss from
urine, and non-renal water loss (NRWL) and constitutes clear
evidence of how much water we really need. The aim of the pres-
ent study was to quantify the total fluid balance with the total
water intake and with the total water output over a 24-h period
in healthy high school student non-athletes and athletes under
moderate ambient temperature (20-25 C) conditions.
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SUBJECTS AND METHODS

We performed a cross-sectional observational study to investi-
gate the amounts of water intake and water output in high school
student non-athletes and athletes. Ethics approval was obtained
from the Clinical Research Ethics Committee at Tokushima
University Hospital (approval number 384). Informed consent to
participate in the study was also received from the participants
or from an authorized surrogate. This trial was registered as
UMINO000038105.

We enrolled 31 male non-athletes and athletes (n = 13 and 18,
respectively) and 23 female non-athletes and athletes (n =13 and
10, respectively) (Table 1). The subjects were living at home or
in a dormitory. The athletes trained at their self-selected pace
with most of their training at a light to moderate intensity for 90-
120 min. All measurements were made on two days of practice
sessions. None of the non-athletes were engaged in high levels
of exercise training or were taking any medications just before
or during the study. Height and weight measurements were
performed with the participants wearing light clothing and no
shoes. BMI was calculated as weight (kg) divided by the square
of height (m).

Subjects were instructed by registered dietitians on how to
weigh each food and drink item and were asked to record and
weigh all foods and drinks consumed on each recording day.
They consumed plain water ad libitum from individual water
bottles. Water bottles were weighed to record the volume of fluid
intake. Total water intake corresponds to the sum of beverages
(including tea, coffee, milk, and soup), metabolic water, and
water in food consumed, which was taken from the dietary
record of the day of urine collection. All foods and beverages
consumed were recorded using food scales for weighing or stan-
dardized containers and templates for estimating the amounts
consumed. Dietary data were converted into water using the
Standard Tables of Food Composition in Japan (5). Water is also
produced by the oxidative metabolism of hydrogen-containing
substrates in the body. Total water intake was calculated by
addition of 250 ml of metabolic water.
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Table 1. Water balance in high school student non-athletes and athletes
Male Female
non(;litlkél)etes athletes (n=18) P value** non(;laztl}:lgl)etes athletes (n=10) P value
Age (years) (1}37:7) (1617 0563 1617 (1617 0121
BMI (kg/m) (21.20?7.4) (19.249'273.1) 0.003 (18.281-.282.5) (18.168-i99.4) 0.051
Water intake
total (ml/day) (22%25.63299) (363:38-%(4)153) <0.001 (2012;1-6;342) (2835—%8738) 0.004
(ml/kg/day) G2oan)  G5TI0LY <0.001 (398540 600794 0.001
from food (ml/day) (852—231%77) (21125-1512& <0.001 (68221%)06) (1111351%32) <0.001
0 24440 w0 a5ad 0.005 @02aLn) 37959 0.032
from bevarages (ml/day) a 19}3%90) a 1213-2%5 1 0284 (96%):-))11 250) a 1(}(4)1-21%45) 0475
) w6589 299:55.1) 0032 @102 35529 0.088
Water output
Urine (ml/day) (87%)??((3)25) (64(?—81(;00) 0.034 (78})?;1 320) (@ 12)?355) 0.022
(ml/kg/day) (10.12?;7.2) (10.1()2-{)9.8) 0.289 (15?658-51.7) (8;-61.;9) 0.032
) (3021-%;16.5) (9.41?2:2.9) <0.001 (38.561-.(?2.9) (10.253286.1) <0.001
NRWL (ml/day) (7811?232110) (29:?;%67) <0.001 (8113%85) (22626?-72%56) <0.001
(ml/keg/day) (136249 465789 <0.001 (14032 9807 <0.001
) (355.695) 761908 <0.001 @TL614 (13993 <0.001
Na+K'/145 (0.;:(1).4) (1.(1)1411.6) 0.089 (0.(7):?2) (1.;?6) 0.004

NRWL : non-renal water losses

In water balance, total water intake corresponds to total water
losses, which was defined as the sum of NRWL and 24-h urine
volume. Each subject provided two 24-h urine samples on two
consecutive days. Thus, NRWL corresponded to the difference of
calculated total water intake and measured 24-h urine volume :

NRWL (ml/day) = total water intake (ml/day) — 24-h urine
volume (ml/day).

The ratio of urinary (Na* + K') concentrations (mEq/L) to
plasma 145 (mEq/L) (U (Na* + K")/145) was obtained to assess
24-h hydration status (6). A ratio showing more or less than 1.0
suggested insufficient or sufficient water intake, respectively.

STATISTICAL ANALYSIS

Continuous data are presented as medians (interquartile
range [IQR]), and categorical data are presented as counts (%).
Comparisons were conducted using Wilcoxon rank sum U test.
All p-values were two tailed and p-values < 0.05 were considered

*:interquartile range
##* : wilcoxon rank sum U test

significant. JMP version 13.1.0 (SAS Institute Inc., NC, USA)
and R version 3.1.1 (R Foundation for Statistical Computing,
Vienna, Austria) were used for statistical analysis.

RESULTS
Water intake in high school student non-athletes and athletes

Daily total water intake (median [IQR]) in non-athletes and
athletes were 38.6 (32.8-42.7) ml/kg and 80.1 (55.7-104.1) ml/kg
in the males, and 46.0 (39.8-54.0) ml/kg and 70.6 (60.0-79.4)
ml/kg in the females, respectively (Table 1). Daily total water
intake in the athletes was more than the non-athletes in both
the males and females.

The percentage of water intake derived from foods and bev-
erages were 39.0 (32.4-44.0) % and 49.7 (47.6-58.2) % in male
non-athletes, 61.5 (40.4-64.3) % and 31.5 (29.9-56.1) % in male
athletes, 34.3 (30.2-44.70) % and 54.4 (41.1-60.2) % in female
non-athletes, and 46.5 (37.9-58.9) % and 46.5 (33.5-52.8) % in
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female athletes, respectively. Daily total water intake and water
intake from foods in athletes were more than those in non-ath-
letes for both sexes. The increased water intake in athletes was
predominately from food rather than from beverages.

Water output in high school student non-athletes and athletes

Daily water output from urine and NRWL were 19.0 (10.2-
27.2) ml/kg and 18.8 (13.0-24.9) ml/kg in male non-athletes,
12.0 (10.0-19.8) ml/kg and 60.4 (46.5-78.8) ml/kg in male ath-
letes, 28.9 (15.6-31.7) ml/kg and 24.8 (14.0-33.2) ml/kg in female
non-athletes, and 16.1 (8.8-19.9) ml/kg and 53.1 (49.9-60.7)
ml/kg in female athletes, respectively (Table 1).

The percentage of water output from urine and NRWL were
51.4 (30.5-66.5) % and 48.6 (33.5-69.5) % in male non-athletes,
19.5 (9.4-23.9) % and 80.5 (76.1-90.6) % in male athletes, 51.4
(38.6-62.9) % and 48.6 (37.1-61.4) % in female non-athletes, and
23.8 (10.8-26.1) % and 76.2 (73.9-89.2) % in female athletes,
respectively.

The daily total water outputs from NRWL in the athletes were
higher than those of non-athletes in both sexes. In contrast, the
amount of urine (mg/kg, %) in the athletes was lower than that
of the non-athletes in both sexes. Furthermore, U (Na* + K*)/145
in the athletes was higher than that in the non-athletes, indi-
cating hyperosmotic urine in both the male and female athletes.

DISCUSSION

Fluid intake, driven by a combination of thirst and habitu-
al consumption of beverages at meals and on other occasions
throughout the day, normally allows maintenance of hydration
status and total body water at appropriate levels. Over a 24-h
period, a sedentary adult produces 1-2 L of urine. About 450 ml of
water per day is lost as NRWL by evaporation through the skin
in a temperate environment and about 250-350 ml per day from
the respiratory tract. The adequate total water intakes for seden-
tary adults are an average of about 2 and 2.5 L per day in women
and men, respectively (7). Therefore, the total water inputs for
sedentary adults are an average of between 2 and 3 L. Leiper et
al. measured total body water and water turnover (WT) rates of
six male cyclists (cycling group) who trained and competed on a
recreational basis and six age-matched sedentary men (seden-
tary group) using deuterium oxide dilution and elimination (8).
The average median daily urinary loss (mL/kg/d) was similar
(cycling group 27 [22-33] ; sedentary group 29 [24-31]) ; however,
calculated daily NRWL (mL/kg/d), presumably mostly in the
form of sweat, was faster in the cycling group (19 [13-35]) than
in the sedentary group (6 [5-22]). The total movement of water
through the body, both intake and loss, is called WT. The study
demonstrated that WT was faster in individuals undertaking
prolonged exercise than in sedentary men and that the differ-
ence was due to the almost 3 times greater NRWL incurred
by the exercising group. This suggests that exercise induced
increases in respiratory water loss and sweat rate, which are
major factors in water loss.

The present study used a combination of dietary weighed
records and concomitantly utilizable 24-h urine samples (n =
54) to estimate individual 24-h hydration status in high school
student non-athletes and athletes aged 16-17 years old. In male
and female student non-athletes, daily total water intake was
2869 ml (38.6 ml/kg) and 2431 ml (46.0 ml/kg), of which intake
from foods accounted for 39.0% and 49.7%, and beverages for
34.3% and 54.4%, respectively. Moreover, water losses from
kidneys in the form of urine were 51.4% and 51.4%, and those
from the skin and respiratory tract (NRWL) were 48.6% and
48.6%, respectively. In male and female student athletes, daily
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total water intake was 4820 ml (80.1 ml/kg) and 3398 ml (70.6
ml/kg), of which intake from foods accounted for 61.5% and
46.5%, and beverages accounted for 31.5% and 46.5%, respec-
tively. The water loss from kidneys in the form of urine was
19.5% and 23.8%, and that from the skin and respiratory tract
(NRWL) was 80.5% and 76.2%, respectively. These parameters
of water balance were not significantly different between the
males and females. These findings of more water intake and
NRWL in athletes than non-athletes suggest that WT in athlete
students is faster. We also found a shift from beverage to food
consumption as the source of water in athletes. This finding sug-
gests that as athletes consumed a lower energy density diet with
higher water and sodium contents, they needed less water from
drinks and beverages. In the present study, the amount of water
intake in male and female athletes was 80.1 ml/kg/day and 70.6
ml/kg/day to recover euhydration, which are 2- and 1.5-fold
those of non-athletes, respectively. Our findings do not show that
daily water intake was sufficient for high school athlete students
because U (Na" + K*)/145 in athletes was higher than that in
non-athletes. Further intervention studies with 100 ml/kg/day
of total water intake are needed to establish the amount of water
intake needed to recover euhydration in athletes.

During sedentary daily activities in a mild environment, renal
responses and thirst are the primary homeostatic regulators.
During continuous-intermittent labor or prolonged exercise at
low intensities (5-18 h duration), renal responses and thirst
have minor-to-large effects on water regulation, whereas sweat
loss presents the foremost challenge to homeostasis (9). Sweat
evaporation is important for the dissipation of metabolic heat
production, which may increase 10- to 20-fold during exercise
(10). The rate of sweat loss is directly related to exercise intensity
(metabolic heat production) (11). Since evaporation of sweat is the
primary means of heat loss during exercise, fluid losses and the
risk of hypohydration in athletes can be significant. Hypohydra-
tion (> 2% body mass loss) can impair endurance performance,
particularly in hot/humid environments (12, 13).

The majority of the dehydration/exercise performance litera-
ture suggests that during exercise dehydration increases phys-
iological strain, as measured by elevations in core temperature,
heart rate, and perceived exertion responses (14). Moreover, the
greater the body water deficit, the greater the increase in physio-
logical strain (15-18). The extent of hypohydration is large (> 5%
body mass). The prevalence of urine hyperosmolality at the start
of exercise sessions in athletes training on a daily basis (19-22)
suggests that many athletes begin exercise in a hypohydrated
state. It is generally accepted that commencing exercise in a hy-
pohydrated state will impair exercise performance, particularly
if the exercise task is prolonged and/or is undertaken in a hot
environment (23-25).

The present study had several limitations. First, the subjects
were high school students during the growth period and had
different BMIs. A recent study reported that age, body size,
and composition during the growth period were significantly
associated with WT (26). Second, our analysis represents a
cross-section of data from subjects that was self-reported. Third,
this study did not investigate qualitative aspects, particularly
sodium, of WT. A previous study reported that daily water (4-10
L) and sodium (3500-7000 mg) losses in active athletes could
induce water and electrolyte deficits. Both water and sodium
need to be replaced to re-establish “normal” total body water
(euhydration) (27). In this study, there was a shift from beverag-
es to food items as the source of water in athletes. This finding
suggests that athletes who consume a lower energy density diet
with higher water and sodium content may need less water from
drinks and beverages. However, it is important to understand
the different roles of water homeostasis between non-athletes
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and athletes. Both renal responses and thirst are the primary
homeostatic regulators in non-athletes. On the other hand,
sweat losses become a major factor in whole-body water balance
in athletes. Because evaporative sweat cooling is the main
means of heat loss, preventing rapid rises of core body tempera-
ture is necessary.

It is important to replace fluid deficits after a preceding bout
of activity. It is accepted that any deficit incurred prior to the
next bout of exercise could lead to impairment in endurance per-
formance (28, 29). When exercise commences in a well-hydrated
state, accumulated fluid loss and the subsequent development
of sensations of thirst can take time. Our findings suggest that
increased awareness of the importance of increased daily water
intake in athlete high school students because of their signifi-
cantly large NRWL is necessary.
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