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Twenty-four-hour urinary sodium and potassium
excretion and associated factors in Japanese secondary
school students

Masayuki Okuda1, Keiko Asakura2,3, Satoshi Sasaki3 and Keiko Shinozaki1

Data on the sodium and potassium intake using dietary records among schoolchildren are sorely lacking in the Japanese

literature. Some evidence indicates that sodium and potassium intake has been correctly measured, but information concerning

these associated factors is scarce. The 24-h urine samples and first morning voiding (overnight) samples were collected twice

from 68 secondary schoolchildren in Suo-Oshima Town, Japan. Sodium, potassium and creatinine concentrations were analyzed.

Body height and weight were measured, and menstruation and physical activity were assessed via questionnaires. We analyzed

the 24-h samples with a 420-h collecting period and no missed voiding. The 24-h sodium excretion was 163.2±36.8 and

149.8±45.1 mmol per 24 h for the boys and girls, respectively. Considering daily habits and loss from sweat, intake was

assumed to be 10.6±1.2 and 10.0±2.4 g per day for the boys and girls, respectively. The 24-h potassium excretion was

43.4±10.8 and 45.8±14.4 mmol per 24 h for the boys and girls, respectively. Estimated usual potassium intake was

2195±401 and 2330±630 mg per day for the boys and girls, respectively. Sodium excretion was associated with sodium and

potassium concentrations in overnight urine samples and physical activity. Potassium excretion was associated with height and

physical activity. We described daily sodium and potassium excretion in Japanese secondary schoolchildren. Excretion was

associated more with physical activity than with bodyweight. Therefore, the estimation methods used in adults are not applicable

for use in adolescents.
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INTRODUCTION

High salt intake is a possible cause of adult hypertension,1 cardiovas-
cular diseases2 and gastric cancer.3 The World Health Organization
(WHO) recommends a salt intake o5 g per day to decrease blood
pressure and reduce the risk of cardiovascular diseases.4 In Japan,
although dietary salt intake has decreased over the past several decades,
it exceeds the Japanese recommendations of o8.0 g for men and
o7.0 g for women, which are higher than the WHO recommen-
dations.5,6

In children, dietary salt intake is also related to blood pressure,7 and
the WHO strongly recommends a low salt intake, as well as a high,
energy-based potassium intake to prevent adult hypertension.4 Con-
sidering the maintenance of similar dietary habits from childhood into
adulthood,8 it is important to have an adequate understanding of salt
intake and to control dietary salt intake from a very young age.
However, among Japanese children and adolescents, correct measure-
ments of dietary salt intake using 24-h urinary excretion are scarce.9,10

Thirty years ago, Moriyama and Saito9 studied 24-h sodium and

potassium excretion in children aged 1–18 years, but the age range was
wide, and the variance in excretion increased as the age increased.
One downfall of the 24-h urine collection is the inconvenience it

poses for study participants. Because a 24-h mineral and creatinine
excretion is associated with adult height, weight and age, these have
been used to estimate daily sodium and potassium excretion.11–14

However, it is not known whether these estimation methods are
applicable to adolescents whose body size varies depending on their
developmental stage.15 The fact that 24-h sodium excretion is
associated with energy intake16 may also complicate the estimation,
and physical activity and maturation are additional potentially related
factors.
Understanding sodium and potassium intake in the population,

including adolescents, is a public health issue. A simple method of
estimating intake could facilitate the development of a health-care
program to improve sodium and potassium intake. In this study, we
measured the 24-h sodium and potassium excretion in Japanese
secondary school students and examined their association with body
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height, weight, age, spot urine mineral concentration, maturation and
physical activity.

METHODS

Subjects
The subjects were 320 secondary school adolescents (12–15 years) living in Suo-
Oshima Town, Yamaguchi Prefecture, Japan. Out of these 320 students, we
recruited 281 students who were attending four municipal secondary schools.
After explaining the protocol, we obtained written informed consent from 68
pairs of students and their guardians (Supplementary Figure S1). We gave
the participants stationery valued at ¥2000. The protocol was approved by the
Institutional Review Board of Yamaguchi University Hospital (H25–87) and
the Ethics Committee of the University of Tokyo, Faculty of Medicine (10259).
We also explained the study protocol to the Suo-Oshima Town Education
Board and each school and waited for their approval before starting the study.

Urine sampling
Urine sampling was conducted from 23 November 2013 to 10 February 2014.
During this period, a 24-h urine sample was collected twice from the 68
participants, and overnight sampling was conducted three times
(Supplementary Figure S2). The 24-h urine collections were taken at an
interval of 41 week between them, and each pair of the three overnight
samplings had intervals of 43 days between them. Any samplings on the days
marked by sickness, menstruation or vigorous sporting events were avoided.
Overnight urine was collected in a paper cup upon awakening at the start of the
day (a non-school day before a school day), and 7–8 ml of the overnight
specimen was stored in a plastic test tube in a cold place. The participants
recorded the time of voiding. Because of concerns regarding the noncompliance
of the students, such as their mixing overnight urine into the 24-h urine sample
or ‘mis-sampling’ their overnight urine, we chose to have overnight urine
sampling taken before the 24-h urine collection.
After this, the 24-h collection was initiated. Every urine voiding was collected

into one-liter wide-mouth plastic bottles and was placed in a expanded
polystyrene container with refrigerant (As one Corporation, Osaka, Japan).
The estimated time and an approximate volume were recorded for missing
samples. The last sample was collected the next day by overnight voiding, and
the time was recorded.
On the morning of the second day, we gathered stored samples in the

expanded polystyrene containers (Ikeda Scientific Co. Ltd., Tokyo, Japan) at
each school, mixed the 24-h samples in the bottles from each participant
together in a bucket, measured the total volume and refrigerated a 7–8-ml
sample of the 24-h sample in another test tube at − 20 °C, along with the
overnight sample until urinalysis. The third overnight sample was collected
using the same method without the 24-h collection occurring on the
other days.

Urinalysis
Frozen samples were transferred and analyzed by the LSI Medience Corpora-
tion (Tokyo, Japan). Sodium and potassium concentrations (mmol l− 1) were
analyzed using the electrode method. Creatinine concentration (mmol l− 1) was
analyzed using the enzyme test. The amount of 24-h sodium (24-h Na;
mmol per day) and potassium (24-h K; mmol per day) excretion was calculated
as follows:

24‐h Na ¼ concentration mmol l�1
� �

´ urine volume mlð Þ
´ 24 hð Þ=collection period hð Þ

24‐h K ¼ concentration mmol l�1
� �

´ urine volume mlð Þ
´ 24 hð Þ=collection period hð Þ

The collection period was the difference between the first and last voiding time
during the 24-h collection.

Body measurements and questionnaires
Body height and weight were measured while the subjects were clothed only in
their underwear by school nurses 2 weeks before the urine sampling was

conducted. Height (cm) and weight (kg) was measured to one decimal place,
and body mass index was calculated as weight (kg)/height (m)2.
Student lifestyle questionnaires were completed by the students and their

guardians. The development of maturation was assessed by the presence of
voice breaks for the boys and menarche for the girls, according to one of the
nine options: ‘o4th grade’, each one of 4–9th grades, ‘not yet’ or ‘unknown.’
We classified the subjects into one of the two categories: ‘immature’ for ‘not
yet’ or ‘mature’ for the other options.
For the physical activity evaluation, the students reported their participation

in either vigorous or moderate activity during a usual week in hours and
minutes, and they reported their commute time to school (whether walking or
riding a bicycle) in minutes.17 We calculated the physical activity of the
commute per week as one-way× 2 (to and from)×5 (days per week). Total
physical activity (min per week) was the sum of vigorous activity, moderate
activity and commuting. Age in months was the difference between the birth
date and the date of the first urine sampling.

Statistical analysis
We analyzed the data from the 24-h samples with a collecting period 420 h
and with no missed voiding. Continuous variables are expressed as the
mean± s.d. and categorical variables as counts and percentages. We considered
the urinary excretion of sodium and potassium as 86% and 77% of intake,
respectively, in accordance with Hollbrook et al.,18 and estimated the usual
intake from 2 days’ worth of data, according to the Nusser method using PC-
Side ver.1.0 (CARD, Ames, IA, USA).19

The characteristics of the participants and non-participants were examined
using either a t or chi-square test. We examined the linear trend for the
continuous variables (first overnight urine concentrations of sodium, potassium
and creatinine, age, height, weight and total physical activity) and used the
Cochran–Armitage test to examine the categorical variables (sex and matura-
tion) among three subgroups, which were classified using tertiles according to
their first 24-h sodium or potassium excretion. Factors significantly associated
with 24-h excretion were included as explanatory variables in a multivariate
linear regression analysis (Model 1). A stepwise method was used for the
variable selection (Model 2). Regression coefficients obtained from the data of
the first measurement (Model 2) were verified using data from the second
measurement. We used the Bland–Altman method to assess individual
agreement with the measurements,20 a paired t-test for population agreement
and Pearson’s correlation for agreement of an individual place in the
population distribution. We used SAS ver. 9.4 software (SAS Institute Japan,
Tokyo, Japan) for the analysis and considered Po0.05 as significant.

RESULTS

There were no differences in body height, weight, age in months or
total physical activity between the 68 participants (Table 1) and the
students in Suo-Oshima Town who did not provide a 24-h urine
collection. The percentage (35%) of boys among the 68 students was
lower than that among the remaining students (53%; P= 0.012). The
percentage (80%) of girls who had reached maturation among the
participants was lower than that among the remaining students (93%;
P= 0.040). There were 58 students (23 boys and 35 girls) who had

Table 1 Characteristics of the subjects

Boys, N=24 Girls, N=44

Age in years 14.0±0.6 14.1±0.8

Age in months 167.4±7.4 169.3±9.7

Height, cm 160.2±7.1 154.7±6.5

Weight, kg 52.2±13.6 49.7±9.0

Body mass index, kg m−2 20.2±4.0 20.7±3.4

Total physical activity, min per week 1010±449 684±470

Matured 18 (75%) 35 (80%)

Values are mean± s.d. or frequency (%).
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420 h and no missing collection data for the first measurement, 55
students (18 boys and 37 girls) for the second measurement and 49
students (18 boys and 31 girls) for both measurements
(Supplementary Figure S1). These 49 students were no different in
terms of characteristics from the 19 students sampling once.
The 24-h excretion was 163.2± 36.8 mmol per 24 h (equivalent salt:

9.5± 2.2 g per 24 h) and 149.8± 45.1 mmol per 24 h (equivalent salt:
8.8± 2.7 g per 24 h; Table 2) for the boys and girls, respectively.
Estimated usual sodium intake was 10.6± 1.2 and 10.0± 2.4 g per day
for the boys and girls, respectively (Supplementary Table S1). In
addition, 1.8% of the boys and 10.1% of the girls satisfied the Japanese
references for the 11–14-year-old age group.5 The 24-h potassium
excretion was 43.4± 10.8 and 45.8± 14.4 mmol per 24 h for the boys
and girls, respectively. Estimated usual potassium intake was 2195± 401

and 2330± 630 mg per day for the boys and girls, respectively, and
15.6% and 42.3%, respectively, satisfied the references.5

Daily sodium excretion was positively associated with overnight
urine sodium concentration and physical activity, but it was negatively
associated with potassium concentration in both the univariate and
multivariate analyses (Table 3, and Model 1 in Table 4). These
variables remained in the model with variable selection (Model 2 in
Table 4). Body height, weight or creatinine concentrations were not
associated with sodium excretion (Table 3).
Daily potassium excretion was positively associated with body

height, physical activity and creatinine concentration in the overnight
urine in the univariate analysis, but it was not associated with sodium
or potassium concentration in the overnight urine (Table 3). After
variable selection in the multivariate model, body height and physical
activity remained (Model 2 in Table 4).

Table 2 Urinalysis

Boys Girls

First time, N=23 Second time, N=18 Both, N=18 First time, N=35 Second time, N=37 Both, N=31

Overnight urine
Sodium, mmol l−1 131.0±36.7 131.3±49.1 128.5±25.4 132.0±59.8 134.3±56.5 130.0±43.7

Potassium, mmol l−1 42.1±15.2 39.7±14.7 39.9±11.4 44.3±20.8 40.1±18.2 42.7±16.9

Creatinine, mmol l−1 14.6.±5.9 13.3±3.9 13.8±4.5 15.2.±6.0 13.4±6.0 14.2±5.7

24-h excretion
Sodium, mmol per 24 h 153.4±46.2 169.6±57.1 163.2±36.8 153.1±51.9 152.1±54.4 149.8±45.1

Potassium, mmol per 24 h 41.5±13.1 44.6±12.7 43.4±10.8 45.3±15.2 44.4±16.9 45.8±14.4

Values are mean± s.d.

Table 3 Overnight urine concentrations and characteristics of the subjects among tertiles of 24-h sodium and potassium excretion

24-h excretion

First tertile Second tertile Third tertile Ptrend

Median of 24-h sodium excretion, mmol per 24 h 103.8 (N=22) 150.9 (N=23) 206.4 (N=23)

Overnight urine
Sodium, mmol l−1 112.8±45.6 148.1±56.4 151.4 51.6 0.015

Potassium, mmol l−1 50.1±22.4 45.9±21.3 37.2±15.2 0.031

Creatinine, mmol l−1 15.8±6.7 15.5±6.6 14.4±5.3 0.454

Age in months 170.8±9.8 169.5±10.5 167.0±6.3 0.163

Height, cm 157.4±8.7 154.6±6.4 158.0±5.8 0.782

Weight, kg 53.4±13.7 46.3±7.1 52.2±9.8 0.726

Physical activity, min 651.0±359.5 716.7±451.2 1023.7±555.2 0.009

Sex (boy) 40.9% 30.4% 34.8% 0.673

Maturated 18.2% 21.7% 26.1% 0.522

Median of 24-h potassium excretion, mmol per 24 h 28.4 (N=22) 42.8 (N=23) 53.7 (N=23)

Overnight urine
Sodium, mmol l−1 149.5±54.2 137.5±48.8 126.9±57.5 0.159

Potassium, mmol l−1 53.0±23.9 38.6±16.1 41.6±18.2 0.063

Creatinine, mmol l−1 17.4±6.9 14.5±5.5 13.8±5.7 0.050

Age in months 170.9±11.1 169.4±8.1 167.0±7.5 0.155

Height, cm 153.8±7.8 157.6±6.6 158.4±6.4 0.030

Weight, kg 50.0±13.3 50.4±10.2 51.4±9.1 0.678

Physical activity, min 572.9±443.6 849.6±485.1 965.6±459.3 0.006

Sex (boy) 36.4% 30.4% 39.1% 0.840

Maturated 18.2% 21.7% 26.1% 0.522

Values are mean± s.d. or percentage of the frequency.
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Using Model 2, the 24-h excretion was estimated with the second
overnight urine samples. The difference between estimated and
measured sodium and potassium excretion was 0.21± 49.96
(P= 0.976) and − 0. 24± 14.27 mmol per 24 h (P= 0.902), respec-
tively. Pearson’s correlation coefficients were 0.439 (P= 0.001; boys,
0.312, P= 0.222; girls, 0.478, P= 0.003) and 0.403 (P= 0.002; boys,
0.168, P= 0.505; girls, 0.534, P= 0.001), respectively. Both of the
Blond–Altman plots revealed a proportional bias showing that
estimation was positive in the low range and negative in the high
range (Figure 1). The Blond–Altman plots for both sexes almost
overlapped.

DISCUSSION

In this study, usual salt intake was higher than the Japanese references,
but it was similar to or slightly lower than that of a previous report for
Nagasaki City, the Northern Kyushu region in 1985, in which the 24-h
excretion for 13–15-year-olds was 11.4± 2.4 g for boys (N= 14) and

11.8± 1.7 g (N= 14) for girls.9 This study had two measurements of
24-h urine collections and a larger sample size than the previous study.
The National Health and Nutrition Survey Japan (NHNSJ) reported
that salt intake in adults decreased from 12.2 g per day in 1985 to
10.0 g per day in 2012,5 but salt intake based on a 24-h urine did not
change: 12.7 g per day in the INTERSALT study21 in 1988, and 12.8 g
per day in the report by Asakura et al.22 in 2014. Reduction of salt
intake remains a challenge for both Japanese adults and children. The
NHNSJ reported that salt intake in the Chugoku region, including
Suo-Oshima Town, was less than that in the Northern Kyushu
region.5 The NHNSJ also reported that the salt intake of girls aged
12–14 years was 1.2 g lower than that of boys (9.4± 3.4 and
10.6± 3.5 g, respectively). The small differences between the sexes,
0.6 g in this study and 0.4 g in the previous study,9 may indicate
underreporting from the girls in the NHNSJ, which relied on dietary
records. Urinary excretion, but not dietary records, should be used to
estimate salt intake thereby limiting reporting bias.
Physical activity in minutes per week was not correlated with body

weight or body mass index in this study (Spearman’s correlation:
− 0.06 to − 0.07; data not shown), and physical activity (metabolic
equivalents) assessed using accelerometers was not significantly
associated with body weight or body mass index in another population
of secondary school students (−0.21 to − 0.28; not published).17

Physical activity is one major determinant of energy expenditure.6 A
few reports have indicated that sodium intake is associated with energy
intake or expenditure.16,23 This may be why physical activity, but not
body weight, was related to 24-h sodium and potassium excretion.
Although the variability of sodium and potassium intake in this study
may reflect growth,9 age and maturation were not associated with
excretion. The subjects of this study, only three grades of secondary
students, have a narrow range of ages.
Various methods of estimating daily sodium or potassium excretion

using spot urine samples have been proposed (in the Supplementary
Information) such as the following: (1) direct regression models,14

such as the regression coefficients in this study, (2) using the ratio of
sodium or potassium to creatinine concentrations and estimated daily
creatinine excretion,11–13 and (3) using the volume of overnight
excretion.24 The direct regression methods (1) use body height, body
weight or age as parameters, in addition to mineral or creatinine
concentrations in spot urine. A negative association between sodium

Figure 1 The Bland–Altman plots between the estimated and measured 24-h excretion. Sodium (a) and potassium (b) excretion was estimated using the
regression coefficients obtained in Table 4. The horizontal axes indicate the mean values of the estimated and measured excretion. The vertical axes indicate
differences between the estimated and the measured excretion. Boys: filled circle; girls: open circle; solid horizontal lines: mean values of the difference;
dashed lines: mean±1.96 s.d.

Table 4 Regression models of 24-h sodium and potassium excretion

(mmol per 24 h)

Multivariate model

(Model 1)

Multivariate model after

variable selection (Model 2)

β s.e. P-value β s.e. P-value

Sodium excretion
Intercept 131.713 25.049 o.0001 131.713 25.049 o0.0001

Overnight urine
Sodium (mmol l−1) 0.284 0.113 0.015 0.284 0.113 0.015
Potassium (mmol l−1) −0.861 0.309 0.007 −0.861 0.309 0.007

Physical activity (min) 0.029 0.013 0.028 0.029 0.013 0.028

Potassium excretion
Intercept −64.286 48.074 0.156 −62.980 44.043 0.159

Overnight urine
Creatinine (mmol l−1) 0.083 0.303 0.786

Height (cm) 0.633 0.285 0.031 0.633 0.283 0.029
Physical activity (min) 0.009 0.004 0.022 0.009 0.004 0.022
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excretion and potassium concentration in spot urine, as found in this
study, was also demonstrated in the regression model proposed by
Brown et al.14 This could reflect the fact that higher potassium
concentrations are indicative of a ‘healthier’ diet richer in fruit and
vegetables and lower in salt.14,25

Using the methods (2) proposed by Kawasaki et al.,11 Tanaka et al.12

and Mage et al.13,26 to estimate adult excretion in Asian or child
excretion in non-Asian ethnic groups, Pearson’s correlation coeffi-
cients for the subjects in this study were 0.012–0.342 for sodium, and
from − 0.219 to 0.249 for potassium (Supplementary Table S2). These
methods use estimated creatinine excretion to calculate sodium
excretion. In the Mage method of estimating creatinine
excretion,13,24 body weight is not included as a variable for children
or adolescents but is included for adults. The difficulty in estimating
creatinine excretion in adolescents invalidates using the methods
applied to adults or younger subjects, even though their body weights
are not much different from those of adults. If daily creatinine
excretion can be correctly estimated among students and physical
activity is implicated in the models, these methods would be useful.
Only the last method (3) was used for children and adolescents, on

the basis that the amount of sodium in the spot urine correlated with
that in the 24-h urine collection.27,28 However, because sodium
concentration in the overnight urine is lower than that in the 24-h
collection, estimated sodium excretion was prone to be
underestimated.27,29 Although all the secondary school students
brought overnight urine samples to school once a year according to
the Japanese School Health and Safety Law, the volume of overnight
voiding is not recorded. Therefore, the last method was not practical.
The estimated 24-h excretion using the second overnight urine

sample was similar to the second measured 24-h excretion. The
second overnight urine sample may not have been identical to the first
sample because day-to-day variability in sodium intake is relatively
large.30–32 Therefore, it is possible to estimate average population
sodium excretion using the regression coefficients obtained in this
study. Even with a potential proportional bias in individual estimates
of excretion among students as observed in the estimations for
adults,27 a moderate correlation between individual values was
obtained. External validation will be necessary in the future.
The sampling of overnight urine and the 24-h collection of voiding

were continuous, but the 24-h sample did not include the overnight
sample, which may result in a low estimation accuracy. The half-life of
sodium excretion in humans is approximately 24 h.33 Therefore,
sodium in 24-h urine taken from Sunday to Monday may reflect
mostly dietary intake on Sunday, but sodium in overnight urine on
Sunday may mostly reflect Saturday’s dietary intake. It is necessary to
obtain overnight urine samples just after the 24-h urine collection to
confirm the validity of the estimation methods.
Correlation coefficients between the estimated and measured

excretion, using a single formula without distinction between the
sexes, were lower in the boys than the girls. There were less boy
participants than that of the girls, even though the Bland–Altman plots
for both sexes overlapped.
Some other limitations are present in applying the results of this

study. We obtained detailed data, for example, urine samples were
taken twice, and written records were made of voiding times.
However, the number of subjects and the area in which the subjects
lived were relatively small, and there was the possibility that they could
have forgotten to make their recordings. In addition, the study
duration was from November to February and did not include hot
summer days. This period included a number of school and cultural
events and a variation of temperatures, which may have increased

measurement errors. The measured 24-h excretion may not reflect the
usual intake because 24-h sampling was conducted on non-school
days. The third overnight urine sampling was carried out on school-
days, but sodium and potassium concentrations in the overnight urine
were not different among the first, second and third times (data not
shown). Some students may forget about or not recognize signs of
maturation. The Turner Index would have been a better measure to
use, but the schools and students may have shown resistance and
hesitated submitting to that degree of evaluation.
This study has important implications. For one, it is feasible to

obtain 24-h urine collections from secondary school students and
obtain samples twice. We also discovered that unlike the estimation
methods used for adults, physical activity is an important determinant
of 24-h sodium and potassium excretion. Furthermore, we showed
that it was possible to estimate 24-h excretion using overnight urine in
secondary school students.
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