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Self-management of salt intake: clinical significance
of urinary salt excretion estimated using
a self-monitoring device

Kenichiro Yasutake1, Noriko Horita2, Yoko Umeki2, Yukiko Misumi2, Yusuke Murata3, Tomomi Kajiyama1,
Itsuro Ogimoto1, Takuya Tsuchihashi4 and Munechika Enjoji3

Self-measured salt excretion from overnight urine samples shows significant correlation with 24-h-urinary salt excretion, but it is

not known whether a self-measuring method can monitor daily fluctuations in individual salt consumption. In this study, we

measured salt excretion from 24-h urine samples (24-h salt) in 50 volunteers over 3 test days (2 weekdays and 1 holiday), and

examined to what extent the values correlated with estimates of 24-h salt excretion from overnight urine samples obtained using

a self-monitoring device (ON salt). Urine collection was considered successful when the difference between the predicted and

actual 24-h-urinary creatinine excretion was within 30%. Thirty-three (M/F=7/26; 39.6±16.7 years) out of 50 participants

completed their urine collections successfully and their samples were used in the analysis. Twenty-four-hour salt and ON salt did

not significantly differ between test days and between the weekdays and the holiday. Moreover, there was a significant positive

correlation between 24-h salt and ON salt for each test day. The coefficients of variation (CVs) for 24-h salt among test days and

among subjects were 24.7% and 21.3%, respectively. The CVs for ON salt were lower than those for 24-h salt (13.3% and

17.7%, respectively). In conclusion, self-measurement of salt excretion from overnight urine samples allows estimation of daily

salt intake; thus, the use of a self-monitoring device may be a useful motivational tool for personal salt restriction.
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INTRODUCTION

Over 25% of deaths among Japanese people are attributed to
cardiovascular disease, the main causes of which are hypertension
and overconsumption of salt.1,2 The Japanese are known to consume
more salt than many other nationalities;3–5 therefore, reduction of salt
consumption is important for decreasing blood pressure and prevent-
ing the onset of cardiovascular disease.6,7 According to the I-Change
Model 2.0 by de Vries et al., both awareness of daily salt consumption
and motivation to continue salt reduction are important to encourage
the prevention/improvement of excessive salt intake.8,9 However, it is
hard to understand individual daily salt consumption because daily
salt intake varies widely with dietary preferences.10,11

To evaluate individual salt intake, a method combining both
accuracy and simplicity is ideal; however, dietary salt intake is one
of the most difficult nutrient intakes to measure precisely. In practice,
to obtain accurate results requires a complicated measurement
method. When the emphasis is on simplicity, the accuracy of the
measurement deteriorates. The most reliable results may be obtained

by measuring excreted salt in urine samples collected over 24 h,
because about 98% of salt intake is absorbed and 86% of that is
excreted into the urine.12 Although a 24-h-urine collection method
has been examined in some hypertension-specific hospitals, the
technique is difficult in practice because it imposes a large burden
on the tested individuals.13,14 In addition, the values obtained from
urine collected over a 24-h period do not reflect long-term salt
intake.15,16 The use of diet history questionnaires, conducted with
assistance from a registered dietitian, is a popular method for
evaluating salt intake. However, the results obtained from the
questionnaire depend on the memory and adherence of the subjects,
and the techniques used by the interviewer.17 Moreover, the
questionnaire is also inconvenient for the subjects to repeat. Another
method used to assess salt intake is the spot urine or second-morning
urine test, which is easier for subjects.18–20 However, this method has
poorer reliability than 24-h-urine collection,21 and creatinine and
sodium must be measured in a laboratory. Although estimation of
24-h-urinary salt excretion from overnight urine samples using a
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self-monitoring device is commonly considered to be inaccurate,21

results obtained using this method show significant correlations with
salt excretion levels measured by the 24-h-urine collection method.22

Use of a self-monitoring device is expedient for personal use and
repeated measurements;23 thus, the self-monitoring device is one
of the few methods available for conveniently estimating daily
fluctuations in salt intake.10,11 The use of a self-monitoring device
motivates its users to continue sodium restriction, resulting in
prevention of hypertension and cardiovascular diseases.
Accordingly, it is important to clarify whether daily changes in salt

intake can be accurately estimated using a self-monitoring device. In
this study, 24-h-salt excretion values were compared with estimates
obtained from overnight urine samples using a self-monitoring device.

METHODS

Subjects
Fifty volunteers (aged 20–70 years, male/female= 10/40) living in Saga or
Fukuoka Prefecture, Japan, participated in this study. The exclusion criteria
included subjects with physical, psychological and social difficulties; those
without the ability for self-selection and/or self-determination; those under-
going medical treatment with diuretics; or those with edema. The study
protocol adhered to the ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the Ethics Committee of Nishikyushu University. The
subjects were given oral and written explanations of the purpose and
procedures of the study, and written informed consent was obtained from all
the subjects before participation.

Intervention schedule
All subjects were registered within February 2014, and 24-h-urine collection
was performed over 3 days (contiguous or noncontiguous) during March and
April 2014. The 24-h urine samples were then used to measure 24-h-urinary
salt excretion. Given the possibility that salt intake might vary between
weekdays and holidays, the 3 test days comprised 2 weekdays and a holiday.
In subjects with irregular working hours, a holiday was defined as a non-
working day. In the case of female volunteers, non-menstrual days were
selected. Sub-samples of 8-h overnight urine were taken from the 24-h urine
samples and used to estimate of 24-h-urinary salt excretion with a
self-monitoring device. During the study period, subjects were allowed to take
routine meals and no dietary restrictions were imposed.

Twenty-four-hour urine collection
Twenty-four-hour urine was collected by a proportional sampling method
using a partition cup, which proportionally collects 1/50 of the total 24-h urine
volume.24 Urine volume and excreted urinary salt estimated for a 24-h period
using the proportional sampling method have been shown to be highly
correlated with direct measurements of the same parameters from total 24-h

urine, with the correlation coefficients reported as 0.97 and 0.98, respectively.24

To ensure accurate use of the partition cup, oral and written explanations were
provided and practice urine sampling was performed in advance of the actual
collection. The subjects were obligated to collect a certain amount of urine
while defecating.
Twenty-four-hour urine was defined as the total volume of urine starting

with the second-morning urine (after discarding the first one at 0600 hours)
and ending with the first-morning urine of the next day. Eight-hour overnight
urine was defined as the urine excreted between 2200 hours (before sleep) and
0600 hours (the first-morning urine), which was collected in the self-
monitoring device and, after the excreted salt was measured, added back into
the partition cup for 24-h collection. The precise start and end times for the
urine collections were reported by each subject. Urine volumes and urinary
creatinine, sodium and potassium concentrations were determined by the SRL
Corporation (Tokyo, Japan). Creatinine was measured using an enzymatic
method and sodium and potassium were measured using an electrode method.
Urine collection was considered to be successful when the difference between
the predicted and actual values for 24-h-urinary creatinine excretion was within
30%.13,14,25 Subjects for whom any samples were unsuccessfully collected were
excluded from the study. Urine samples were examined at any time after
collection. The coefficient of variation (CV) of excreted salt (%) was calculated
using the following formula: (s.d./mean value)× 100.

Self-monitoring device
The KME-03 self-monitoring device (Kohno ME Laboratory, Kanagawa, Japan)
was used in this study (Figure 1). This device is capable of estimating 24-h-salt
excretion from 8-h-overnight urine samples collected in an exclusive container.
The subjects were asked to urinate 8 h before a prearranged wake-up time
(0600 hours). The first urination after the sleeping period was collected in a
dedicated cup. If unscheduled urination was needed between 2200 hours and
0600 hours, this urine was added to the first-morning urine and analyzed.
The self-measuring device contains a volume sensor and a conductivity

sensor. The volume sensor consists of 50 small resistant chips, and the
conductivity sensor consists of two gold-plated nickel metal plates.
These sensors measure urine volume, urinary chloride concentration and
temperature. These values are then integrated and the sodium chloride (NaCl)
concentration is estimated using an original algorithm. The NaCl concentration
was adjusted using a correlation formula so that it was between the value
obtained with the ion electrode method and the value for the conductivity
method, because measurement of concentration by conductivity is affected
by other electrolytes such as potassium. The self-monitoring device estimates
24-h-salt excretion from overnight urine samples using the following formula:
Y= 5.76 (X)0.53 g per day, where Y is the estimated 24-h-urinary salt excretion
and X is the sodium content of the overnight urine samples.22 The error of each
measurement by the self-monitoring device was defined as the estimated
24-h-urinary salt excretion from the 8-h overnight urine samples (ON salt)
minus the measured excreted salt from 24-h-urine samples (24-h salt).

Statistical analysis
Data analysis was performed using JMP version 10.0 software (SAS Institute,
Cary, NC, USA). Measured data are presented as means± s.d. Between-group
differences were assessed using a paired t-tests. Correlations were evaluated
using a Pearson product-moment correlation coefficient. The sensitivity and
specificity of the self-monitoring device for estimation of 24-h urinary salt
excretion from overnight urine samples were assessed by logistic regression
analysis and receiver operating characteristic curves. Differences were
considered statistically significant if Po0.05.

RESULTS

Twenty-four-hour urine samples were collected by all 50 participants.
Thirty-three of the 50 participants completed their urine collections
successfully and their samples (sample number: 33× 3 days= 99) were
used in the analysis. Among the excluded subjects, 12 (24%)
successfully collected for 2 days, four (8%) for 1 day and one (2%)
could not collect any samples successfully. The percentages of subjects

estimated salt excretion

dedicated cup

conductivity sensor

power switch

volume sensor of urine

Figure 1 The self-monitoring device. A full color version of this figure is
available at Hypertension Research journal online.
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who successfully collected their urine samples were 88% (44/50) on
the first weekday, 88% (44/50) on the second weekday and 78%
(39/50) on the holiday. Overnight urine collection between 2200 hours.
and 0600 hours was successfully completed in all participants and the
urine samples were supplied for measurement by the self-monitoring
device. The background characteristics of the 33 subjects whose
samples were analyzed are shown in Table 1. Data from two
hypertensive subjects who were taking non-diuretic antihypertensive
agents were included in the analysis. Their mean blood pressure was
within the normal range and their mean 24-h urinary NaCl and
potassium excretion over 3 days were as follows: NaCl (24 h salt)
8.3± 2.6 g per day; potassium 1749± 518mg per day; and Na/K ratio
3.4± 1.4 (Table 2). The mean ON salt for all subjects over the 3 days
was 8.1± 1.8 g per day (Table 2). The mean 24-h salt and ON salt

values were 8.0± 1.8 and 8.0± 1.7 g per day on day 1 (weekday),
8.5± 2.6 and 8.1± 1.8 g per day on day 2 (weekday), and 8.3± 3.3 and
8.3± 2.0 g per day on day 3 (holiday), respectively. No significant
difference was found between 24-h salt and ON salt, or between
weekdays and holidays (Table 2). Moreover, a significant positive
correlation was observed between 24-h salt and ON salt on day 1
(r= 0.44, P= 0.01), day 2 (r= 0.40, P= 0.02) and day 3 (r= 0.44,
P= 0.01; Figure 2). There was no correlation between blood pressure
and ON salt or 24-h salt on any day.
When the measurement errors between 24-h salt and ON salt were

assessed, overestimation or underestimation was shown in some
subjects (Table 3). The CVs for 24-h salt among test days and among
subjects were 24.7% and 21.3%, respectively. The CVs for ON salt
were lower than those for 24-h salt (13.3% and 17.7%, respectively;
Table 2). Analysis of the correlation between 24-h salt and the
measurement errors (ON salt minus 24-h salt) revealed a significant
negative correlation (r=− 0.76, Po0.0001; Figure 3). The slope of the
regression line waso1.0, and there was a trend toward overestimation
and underestimation in the lower and higher ranges of the 24-h salt
values, respectively.
When achievement of the target salt intake (7 g per day, adopted

from the Overview of Dietary Reference Intakes for Japanese 201526

was defined as an objective variable and ON salt was defined as an
explanatory valuable, logistic regression analysis revealed a significant
association between the two values (Po0.005, odds ratio 0.63). In the

Table 1 Characteristics of participants

Number 33

Sex: male/female 7/26

Age (years) 39.6±16.7

Body mass index (kgm−2) 23.1±3.4

Systolic blood pressure (mmHg) 118.3±15.3

Diastolic blood pressure (mmHg) 73.2±10.8

Values are means± s.d.

Table 2 Measured urine sample parameters

3-day average Day 1 (weekday) Day 2 (weekday) Day 3 (holiday) CVa (%) CVb (%)

24-h-urine collection
Urine volume (ml per day) 1266±461 1266±416 1322±520 1211±449

Creatinine excretion (mg per day) 1102±278 1098±272 1104±275 1103±296

Creatinine ratio (%) 93.9±11.6 93.7±11.2 94.2±11.3 93.8±12.7

Salt excretion (24-h salt); g per day) 8.3±2.6 8.0±1.8 8.5±2.6 8.3±3.3 24.7 21.3

Potassium excretion (mg per day) 1749±518 1742±481 1730±523 1775±564

Sodium/potassium ratio 3.4±1.4 3.3±1.2 3.6±1.6 3.3±1.4

Overnight urine collection
Salt excretion (ON salt); g per day) 8.1±1.8 8.0±1.7 8.1±1.8 8.3±2.0 13.3 17.7

Abbreviation: CV, coefficients of variation.
The ratio of observed to expected creatinine excretion calculated using the equations of Kawasaki et al.15
aCV among test days.
bCV among subjects.
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Figure 2 Correlation between salt excretion from 24-h urine samples and from overnight urine samples. (a) Day 1 (weekday), (b) Day 2 (weekday), (c) Day 3
(holiday). ON salt, salt excretion from overnight urine samples estimated using a self-monitoring device; 24-h salt, salt excretion from 24-h urine samples.
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receiver operating characteristic analysis, the cut off value for ON salt
that correlated with a value of 47 g of 24-h salt was 7.6 g (sensitivity
0.71, specificity 0.32; Figure 4).

DISCUSSION

In this study, whether ON salt (self-monitoring device method) could
properly reflect 24-h salt (24-h urine collection method) was assessed
in enrolled volunteers over 3 test days. Although all 50 participants
provided 24-h urine samples, the percentage of subjects who success-
fully completed all 3 days of urine collection (including weekdays and
holidays) was only 66% (33/50); this suggests that, especially for 24-h
urine collection, it is difficult to achieve successful urine collection on
multiple test days. Although the self-monitoring device method
usually requires single urine collection and there is little possibility
of failure, in this study all participants successfully completed the
overnight 8-h urine collection. Namely, since the success rate is not
satisfied in the 24-h urine collection method, the self-monitoring
device method is worthwhile for estimation of 24-h urinary salt
excretion.
It has been reported that 24-h urinary salt excretion has a definite

association with self-measured salt excretion from overnight urine
samples.22 In our previous salt intake and excretion study using a self-
monitoring device and test meals containing known amounts of salt
(5, 10 and 13 g per day of salt), we confirmed that ON salt roughly
reflected the previous day’s salt intake,25,27 and that, in the case of 10 g
per day salt intake, there was a significant correlation between ON salt
and 24-h salt.25 However, these results have not been tested in the
same subjects over multiple days. The novelty and significance of this
study were that, in the daily life of 33 subjects, 24-h salt and ON salt
were simultaneously assessed and compared over 3 test days and on
each test day there was a significant correlation between them. These
findings indicate that a self-monitoring device can estimate salt intake,
which fluctuates daily, with sufficient accuracy to have real-life
application. However, the actual salt intake/excretion of each subject
cannot be estimated using the measured values obtained from the
self-monitoring device because the correlation coefficient (≈0.4)
was not high enough to allow this. In practice, the maximum
measurement errors between 24-h salt and ON salt were more than
6 g per day (Table 3). The absolute mean value of the errors was quite
small when 24-h salt ranged from 6 to 9 g per day, but was larger at
lower or higher levels of 24-h salt (Figure 3).
It has previously been shown that the self-monitoring device

method overestimated 24-h salt within the lower range of salt
excretion.22 In addition, in our salt intake and excretion study, the
self-monitoring device method over- and under-estimated 24-h salt in

the lower and higher ranges of salt intake/excretion, respectively.25,27

These results confirm the validity of the results of our current study.
The CVs for 24-h salt among test days and among subjects coincided
approximately with those in a previous report that investigated salt
excretion in healthy Japanese adults,26 whereas the CVs for ON
salt were much lower than those for 24-h salt (Table 2). These
observations suggest that the suitable measurement range for the
self-monitoring device is narrow and this may lead to over- and
under-estimation relative to actual values when using the self-
monitoring device method, which may limit its effective measurement
range. Thus, the device should only be employed with sufficient
understanding of its characteristics. Conceivable causes of the
measurement errors in the self-monitoring device method are as
follows. Using a 24-h urine collection method, urine volume
and urinary creatinine, sodium and potassium concentrations are
measured directly. In the self-monitoring device method, volume
and conductivity sensors measure urine volume, urinary chloride
concentration, and temperature and 24-h salt is estimated using an
original algorithm. Because the self-monitoring device measures

Table 3 Measurement errors between 24-h salt and ON salt

ON salt minus 24-h salt (g per day)

Quintiles

Day 1

(weekday)

Day 2

(weekday)

Day 3

(holiday)

Maximum (overestimation) 2.3 3.0 6.3

75th 1.4 1.8 2.2

50th 0.3 0 0.2

25th −1.0 −1.9 −1.6

Minimum (underestimation) −4.5 −6.7 −6.9

Mean± s.d. 0±1.9 −0.4±2.5 0±3.1

ON salt, salt excretion from overnight urine samples; 24-h salt, salt excretion from 24-h urine
samples.
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Figure 3 Relationship between salt excretion from 24-h urine samples and
measurement errors. Correlation between salt excretion from 24-h urine
samples (24-h salt) and measurement errors (ON salt minus 24-h salt).
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urinary chloride concentration but not sodium concentration,
increased potassium intake leads to overestimation of salt excretion.
Possible causes of under- or over-estimation of salt excretion include
impaired daytime salt excretion with compensatory nighttime
excretion in participants with salt sensitivity,23,24 and individual
differences in sodium excretion during the day or night leading to
errors in the estimation of daily salt consumption using overnight
urine samples. However, it was impossible to know if the subjects in
this study had salt sensitivity.
Therefore, the self-monitoring device may be inappropriate to the

instruction of patients with high salt intake. We consider the
self-monitoring device method as a tool for detecting patients with
high salt intake. Namely, subjects in whom estimated urinary salt was
continuously high (48 g per day in males and 47 g per day in
females) using the self-monitoring device method should receive salt
restriction education by registered dietitians or obtain precise values
using the 24-h urine collection method. Despite its shortcomings, the
use of a self-monitoring device is a convenient method of under-
standing the daily fluctuations in salt intake/excretion associated with
dietary choices. Within the range of 6–9 g of salt excretion, the
measurement errors of this method are relatively small (Figure 3).
Thus, a self-monitoring device is a sufficient tool for evaluation of
daily salt intake relative to Japanese standards (8 g for males and 7 g
for females).16,26

Moreover, the results of receiver operating characteristic curve
analysis indicated that measuring ON salt is a sensitive test despite its
low specificity; thus, for Japanese people, it may be a useful method
for detecting individuals who are not meeting the daily salt-intake
target of o7 g.26 Ohta et al.28 reported that subjects with higher 24-h
salt (49.5 g in male and 48 g in female) had significantly lower
estimated glomerular filtration rates than those with lower 24-h salt
excretion. Because the salt excretion values measured by a self-
monitoring device are relatively accurate within the range of 6–9 g,
management of salt intake using a self-monitoring device may be
useful for motivating patients to reduce their salt intake and prevent
renal dysfunction. In addition, because urinary salt excretion is a
possible predictor of angiotensin receptor blocker resistance29 and
excessive salt intake is a possible cause of resistant hypertension,30

daily self-monitoring of salt intake is very important. Our results
indicate that the use of a self-monitoring device, which provides
accurate results near the target levels of salt consumption, may be a
useful motivational tool to assist individuals in reducing dietary salt
intake. Future studies should investigate whether employment of a
self-monitoring device leads to a decrease individual salt consumption.
There were several limitations to this study. The methods that we

used may be unsuitable for larger-scale studies because simultaneous
collection of 24 h and overnight urine over 3 days is difficult to
complete and requires skill and health awareness on the part of the
study subjects. However, although accurate simultaneous collection of
24 h and overnight urine over 3 test days is technically difficult and
troublesome for participants, similar investigations should be per-
formed using a larger number of participants in the future. Naturally,
various technical errors occurred during sample collection by the
subjects and the possibility that the low rate (66%) of successful urine
sample collection may have led to incorrect results cannot be denied.
In addition, the daily salt intake of the subjects in this study was lower
than that of an average Japanese individual;5 therefore, the results of
this study may not be applicable to those with higher salt intakes or
with larger daily fluctuations in salt intake. For example, the results
may differ in older people or hypertensive patients. Another limitation
of our study was that our observation period spanned only 3 days.

For a more precise evaluation, a longer observation period is needed.
The influence of individual lifestyles, such as meal times and
nocturia,31 and physiological characteristics, such as differences in
urinary concentrating capacity between daytime and nighttime, were
not examined in this study. We assessed whether urine collection was
successful based on the predicted and actual 24-h-urinary creatinine
excretion in this study;13,14,25 however, if the para-aminobenzoic acid
check method32,33 had been used, the results may have been different.
In conclusion, estimation of 24-h salt excretion from overnight

urine using a self-monitoring device allows recognition of daily
fluctuations in urinary salt excretion. Thus, self-measured salt
excretion using overnight urine samples is useful for estimating daily
fluctuations in salt intake, and the self-monitoring device method may
be an effective motivational tool for personal salt restriction.
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