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1  | INTRODUCTION

Excess salt intake is a major problem that leads to the develop-
ment and progression of hypertension, and the development of 
cardiovascular diseases.1-4 Consuming too much salt in the early 
stages of life results in higher systolic and diastolic blood pressure, 

which is reported to lead to hypertension or pre-hypertension.5,6 
According to a national study on daily salt intake among 1043 
Japanese women aged 18-22 years, the mean values of salt in-
take based on 24-hour urine collection and a dietary questionnaire 
were 9.8 g and 9.2 g, respectively,7,8 which substantially exceeded 
the Japanese target salt-intake value of 7.0 g.9 We also reported 
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Abstract
To prevent and treat hypertension, it is important to restrict salt in one's diet since 
adolescence. However, an effective salt-reduction education system has yet to be 
established. Besides accurate evaluation, we believe that the frequent usage of a 
measurement device may motivate individuals to avoid high salt intake. The present 
study evaluated the use of a urinary salt excretion measurement device for salt-re-
duction education in a parallel randomized trial of two groups. The sample comprised 
100 university students who provided consent to participate. A survey with 24-hour 
home urine collection and blood pressure measurement was conducted. Participants 
in the self-monitoring group measured their own urinary salt excretion level for 
4 weeks, using the self-measurement device. Analyses were conducted on 51 partici-
pants in the control group and 49 in the self-monitoring group. At baseline, there was 
no significant difference between the two groups in terms of their characteristics and 
24-hour urinary salt excretion levels. After intervention, 24-hour urinary sodium/
potassium ratio showed no change in the control group [baseline score: 4.1 ± 1.5; 
endline score: 4.2 ± 2.0; P = 0.723], but it decreased significantly in the self-monitor-
ing group [baseline score: 4.0 ± 1.7; endline score: 3.5 ± 1.4; P = 0.044]. This change 
was significant even after adjusting for baseline and endline differences between 
groups using analysis of covariance (P = 0.045). The self-monitoring urinary salt ex-
cretion measurement device improved the 24-hour urinary sodium/potassium ratio. 
The device is a useful and practical tool for educating young individuals about dietary 
salt reduction.
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that the mean estimated daily salt-intake value for female univer-
sity students (mean age of 17.9 years) who entered university from 
1995 to 2015 was 8.1 g, and that only 31.3% of the students10 
consumed more salt than the Japanese target value of 7.0 g.9 A 
study estimating the decrease in the mortality rate by reducing 
salt intake showed that the earlier the age at which salt restriction 
was started, the more effective it was in decreasing the mortality 
rate.11 These reports suggest that promoting the commencement 
of salt reduction at a younger age in Japan, where excessive salt 
is consumed, is an important factor in motivating lifestyle changes 
to prevent and treat hypertension. However, an effective salt-re-
duction education system has yet to be established. The 24-hour 
urine collection approach is the gold standard for measuring salt 
intake. However, this is difficult for young individuals to conduct 
it themselves, and it is not a practical method for supporting salt-
reduction education.

We have previously reported the usefulness of managing salt in-
take by using a urinary salt excretion measurement device (KME‐03, 
Kohno ME institute)12 to estimate 24-hour urinary salt excretion 
based on overnight (ON) salt excretion. This easy-to-use device 
allows individuals to repeatedly measure their own urinary salt 
excretion level at home. The results obtained from this device are 
reliable, and according to our previous careful salt in-out measure-
ments, they correlate well with measurements based on 24-hour 
urine collection.13-15 Moreover, this device is useful for supporting 
salt-reduction education and it can reduce overnight salt excretion 
in middle- to old-aged individuals for a short period.16,17 However, it 
is unclear whether this device can be used as a salt-reduction educa-
tion tool for young individuals.

The present study aimed to evaluate the hypothesis that repet-
itive usage of a self-monitoring urinary salt excretion measurement 
device is useful in conducting salt-reduction education for female 
college students, because such interventions would help establish 
effective salt-intake management from an early age.

2  | MATERIALS AND METHODS

2.1 | Participants

The target population comprised 144 female college students who 
provided informed consent after verbal and written explanation 
was conducted for 151 females who gathered at a poster proposal 
on the present study at the following universities during the indi-
cated period: Nakamura Gakuen University and Fukuoka Woman's 
University (from March to April, 2017) and Nishikyushu University 
(from August to September, 2017). The target age was limited to 
18-25 years. Additionally, potential participants who fulfilled the fol-
lowing criteria were explained at the study proposal and explanatory 
meetings that they were not eligible for the study, and they were 
excluded from the sample: having a physical, mental, or social dif-
ficulty or disadvantage in everyday life; taking anti-hypertensive 
drugs; being pregnant; and being edematous or hypertensive, or 
having renal disease.

2.2 | Intervention schedule

Immediately after their enrollment in the study, we asked partici-
pants to fill out a check sheet to estimate their everyday average 
salt-intake level18 and a questionnaire17 on eating behaviors based 
on the transtheoretical model.19 Additionally, to minimize the effect 
of participants' menstrual cycle on fluctuations in body sodium lev-
els, we asked them to hand in a sample from a 24-hour home urine 
collection immediately after menstruation, during the follicular 
phase. We asked them to consume meals that they usually do, and to 
measure their blood pressure before and after urine collection, using 
a sphygmomanometer that we lent them. The resulting baseline 
body mass index (BMI), blood pressure, and 24‐hour urinary salt ex-
cretion levels were used as criteria for stratified randomization, and 
participants were assigned to self-monitoring and control groups, in 
a 1:1 proportion. We instructed participants in the self-monitoring 
group to use the self-monitoring urinary salt excretion measurement 
device for 3-4 weeks from the end of menstruation to the next men-
struation. The control group was asked to behave as they usually 
did. After 4 weeks, on the day immediately after menstruation, we 
asked all participants to conduct 24-hour urine collection at home, 
check their blood pressure, and fill out the salt check sheet and eat-
ing behavior questionnaire, for use as endline data. No nutritional 
education was conducted in either group. Results of the 24-hour uri-
nary salt excretion measurement were shared with participants after 
their participation ended.

2.3 | Outcomes

The primary outcomes of this study were (a) the difference in 24-
hour urinary salt excretion level and sodium/potassium ratio after 
intervention, and (b) the difference between the intervention and 
control groups. Since salt intake differs greatly between individu-
als,20 it is recommended that 24-hour urine collection be performed 
on multiple days.21 However, the compliance rate typically de-
creases after multiple iterations,13 resulting in a low number of sam-
ples available for analysis. Thus, in the present study, we instructed 
participants to collect 24-hour urine samples only at the baseline 
and endline measurements.

The secondary outcomes were changes in the salt check sheet 
score and dietary behavior stage after 4 weeks of intervention.

2.4 | Twenty‐four‐hour urine collection

A partition cup (proportional sampling method) was used for the 24-
hour home urine collection, and 1/50th of the total urine volume 
was collected.22 Reports comparing the partition cup and total urine 
method show a high correlation index of urine volume (r = 0.97) and 
urinary salt excretion level (r = 0.98).22 To collect urine accurately 
using the partition cup, participants were provided verbal and writ-
ten instructions, and they participated in a simulation before the 
actual collection. Additionally, they were specifically reminded to 
collect urine during defecation.
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Participants were instructed to empty their bladders at the first 
urination in the morning, specifically at 6:00 AM, which is the rec-
ommended standard urine collection time. Thereafter, they were 
asked to collect all the urine excreted throughout the day, using the 
partition cup. Finally, they were asked to complete another sched-
uled urination at 6:00 AM the next day, regardless of the desire to 
urinate. The total volume collected up to that time was designated 
as the 24-hour home urine collection.13,15,17,23,24 Urine samples of 
all participants were collected and analyzed at baseline and end-
line. SRL Co. Ltd. analyzed the total urine volume, as well as urine 
creatinine, sodium, and potassium levels. Specifically, the creatinine 
level was analyzed by enzyme assay, and the sodium and potas-
sium levels were analyzed by the electrode method. Urine samples 
with 24-hour creatinine levels within 30% of the estimated levels 
were included in further analyses. Those outside this range were 
eliminated.13,15,17,23,24

2.5 | Self‐monitoring device

A self-monitoring urinary salt excretion measurement device 
(KME‐03; Kohno ME Laboratory) was used in this study. This device 
can estimate the 24-hour salt excretion level from 8-hour ON urine 
samples collected in a special container. Therefore, participants 
were asked to urinate 8 hours before their pre-arranged waking time 
(6:00 AM). Urine excreted during the sleeping period was collected 
in a dedicated cup. If an unscheduled urination was needed between 
10:00 PM and 6:00 AM, the urine was added to morning's first urine 
and analyzed.

The principle of the measurement device is as follows. The vol-
ume sensor consists of 50 small resistant chips and a conductivity 
sensor comprising two gold-coated nickel plates. These sensors 
measure urine volume, chloride concentration, and temperature. 
These values are then integrated, and the sodium chloride (NaCl) 
concentration is estimated using an algorithm. In the present 
study, because conductivity-based concentration measurement is 
affected by other electrolytes such as potassium, the NaCl con-
centration was adjusted using a correlation formula, such that the 
value ranged between the values obtained using ion electrode and 
conductivity methods. The self-monitoring device estimated 24-
hour salt excretion from ON urine samples, using the following 
formula: Y = 5.76 × (X) × 0.53 (g/day), where Y is the estimated 
24-hour urinary salt excretion level and X is the sodium content 
of the ON urine sample.12 This formula was derived from a re-
gression analysis on 24-hour salt excretion level and the value 
estimated using the self-monitoring device to analyze ON urine 
samples. Moreover, others have reported that the 24‐hour salt 
excretion level correlates well with the ON urinary salt excretion 
level (r = 0.72, P < 0.001; n = 224).12 We measured urinary salt ex-
cretion among 33 men and women (aged 39.6 ± 16.7 years) using 
the 24-hour urine collection method and the ON salt excretion 
level measurement using the salt-monitoring device on the same 
day, for 3 days. The present device showed underestimated levels 

at high values and overestimated levels at low values on the 24-
hour urinary salt excretion level measurement. On the other hand, 
the mean ± SD (g/day) of measurement errors of ON salt excretion 
level minus 24-hour urinary salt excretion level for each day (Day 
1:0 ± 1.9, Day 2: −0.4 ± 2.5, Day 3:0 ± 3.1) showed no significant 
difference between the two methods, which confirmed that the 
ON salt excretion level measurement using the present device 
was quite accurate.13 Additionally, in and out studies of salt using 
salt-managed meals showed that the ON salt excretion level mea-
sured using the present device correlated with salt intake, showing 
that it is a reliable tool for assessing changes in individuals' salt 
intake.14,15

2.6 | Salt check sheet

The salt check sheet is a single A4 sheet with 13 questions. It 
takes 3-5 minutes to complete. The 13 questions are categorized 
as follows: seven items evaluate the intake of salty meals such 
as miso soup, pickles, and noodles; four evaluate the use of salty 
sauces (eg, soy sauce), eating out, and home-meal replacement; 
and two evaluate the seasoning content and size of homemade 
meals. Each question is scored on a 3-point scale, with a total 
of 35 points. The resulting scores on salt consumption level are 
categorized as low (0-8 points), medium (9-13 points), high (14-19 
points), or very high (>20 points).18 The validity of the values 
obtained from the salt check sheet was confirmed in studies in-
volving patients with hypertension and those involving local mid-
dle-aged participants.18,24

2.7 | Questionnaire on salt‐reducing eating behavior

Generally, desirable health behavior is attained in the following 
five stages, as evaluated by the transtheoretical model: (1) pre-con-
templation stage, in which a patient has no intention of changing in 
the foreseeable future; (2) contemplation stage, in which a patient 
intends to change, but not soon; (3) preparation stage, in which a 
patient intends to change during the next month; (4) action stage, 
in which a patient changes; and (5) maintenance stage, in which a 
patient maintains the change for at least 6 months.19 We referred to 
a previous report in which the transtheoretical model showed that 
spot urine measurement is comparable with 24-hour urinary salt ex-
cretion level measurement.25 The same study categorized the eat-
ing behavior of each participant into the above five stages using a 
questionnaire.17

2.8 | Blood pressure measurement

Participants measured their blood pressure after resting for 5 minutes, 
using a digital upper‐arm automatic sphygmomanometer (HEM‐7080 
IC; Omron). They did so at the beginning and end of the 24-hour urine 
collection period immediately after early morning urination. The mean 
of four consecutive measurements was recorded.13,17
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2.9 | Anthropometric measurements

Fasting measurements of height and body weight were conducted 
after urine sampling on the last day of 24-hour urine collection. 
Participants were dressed lightly, and they did not wear shoes or 
socks. Their body weight was self-measured at home, using the same 
scale for measuring their weight at the baseline and endline. Their 
height was self-declared, and body weight measurements were re-
corded to the nearest 0.1 kg. BMI was calculated using these height 
and body weight values.17

2.10 | Statistical analysis

Statistical data were presented as means ± standard deviations. The 
chi-square test was used to analyze qualitative variables, the paired 
t-test was used to compare two paired groups, and the unpaired t-
test was used to compare two unpaired groups. Concerning urinary 
salt excretion level, BMI, blood pressure, and salt check sheet score, 
the difference between baseline and endline values was corrected 
as covariates using analysis of covariance (ANCOVA). Interactions 
between covariates and independent variables (parallel regression), 
and linear regressions between covariates and dependent variables 
(significance of regression coefficients) were checked prior to the 
analysis. Moreover, ordinal variables from the Questionnaire on Salt 
Reduction Eating Behaviour were evaluated by defining the follow-
ing stages: pre-contemplation stage = 1, contemplation stage = 2, 
preparation stage = 3, action stage = 4, and maintenance stage = 5, 
with equal intervals. Analyses were conducted to identify changes 
in these stages. For all analyses, the significance level was set at 
P < 0.05. The SPSS v22 statistical software was used to perform the 
analyses.

2.11 | Ethical standards disclosure

The study protocol was approved by the ethics committee of 
Nakamura Gakuen University (Rinri-16-012), and the study was 
registered in the UMIN Clinical Trials Registry (UMIN000026775). 
It adhered to the ethical guidelines of the Declaration of Helsinki. 

Written informed consent was obtained from participants, of their 
own free will. They confirmed that (a) they suffered no disadvan-
tages from refusing to participate in the study, (b) they were par-
ticipating freely, (c) there were no disadvantages from withdrawing 
consent after agreeing to participate, (d) they consented to public 
dissemination of the results at scientific meetings and in published 
manuscripts, and (e) their personal information would be protected.

3  | RESULTS

After registering 144 participants as the target population, 24-
hour home urine collection was conducted for the baseline inves-
tigation. As 20 participants were excluded for failing to complete 
the 24-hour urine collection, the remaining 124 participants were 
equally assigned to the control and self-monitoring groups (62 
participants each) by stratified randomization. Four weeks later, 
24-hour urine collection was conducted for the endline investi-
gation, and data from 100 participants (control group: 49 partici-
pants; self-monitoring group: 51 participants) were used in further 
analyses, due to the following losses: 21 participants failed to col-
lect urine (control group: 11 participants; self-monitoring group: 
10 participants), two participants from the control group with-
drew consent, and one participant from the self-monitoring group 
exhibited especially bad compliance in measurement using the 
self-monitoring urinary salt excretion level measurement device 
(Figure 1). Both groups showed no significant difference in age, 
height, body weight, BMI, or blood pressure (Table 1). No par-
ticipants were current or past smokers. There was no difference 
between the two groups' anthropometric measurements, blood 
pressure, or 24-hour salt excretion level at baseline. The differ-
ence in 24-hour urinary sodium (salt) excretion level before and 
after intervention was 61.8 mg (0.2 g) for the control group and 
−315 mg (−0.8 g) for the self‐monitoring group, but this difference 
was not statistically significant (P = 0.074). The sodium/potassium 
ratio showed no difference in the control group (baseline score: 
4.1 ± 1.5; endline score: 4.2 ± 2.0; P = 0.723) but it improved sig-
nificantly in the self-monitoring group (baseline score: 4.0 ± 1.7; 

F I G U R E  1   Process of assignment 
of participants to study groups. In 
total, 144 participants were registered 
for the present study. Of them, 62 
each were assigned to the control and 
self-monitoring groups using stratified 
randomization. Finally, 100 participants 
(control group: 49 participants; self-
monitoring group: 51 participants) were 
included in the data analysis

Registered: 144 subjects

Intervention group: n = 62
No nutritional 
education in 
either group

Control group: n = 49 Intervention group: n = 51

Endline investigation: 24-h urine collection

Final evaluation: Transition of urine excretion level by 24-h urine collection

Control group: n = 62

Urine collection failure n = 20 

Withdrew consent n = 2

Urine collection failure n = 11 Urine collection failure n=10 

Baseline investigation: 24-h urine collection

Bad compliance in measurement using the self-
monitoring urinary salt excretion device n = 1 
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endline score: 3.5 ± 1.4; P = 0.044). This change was significant 
even after adjusting for the differences between the two groups 
in their baseline and endline scores using an ANCOVA (P = 0.045). 
It should be noted that there was no difference in the level of 
24-hour potassium excretion between the two groups (Table 2). 
However, the self-monitored ON salt excretion level of the self-
monitoring group decreased significantly [first day of measure-
ment: 9.7 ± 2.4; last day of measurement: 8.8 ± 2.3, P = 0.013].

There was no difference in systolic or diastolic blood pressure 
at baseline and endline in both groups, but the changes in sys-
tolic and diastolic blood pressure from baseline to endline were 
significant in the control group. When these were adjusted by an 
ANCOVA, the change in systolic blood pressure was still signif-
icant, but that in diastolic blood pressure was not significant in 
the control group (Table 2). It should be noted that there was no 
difference in weight during the intervention period, but a decrease 
was observed in the control group.

Pertaining to changes in the salt check sheet before and after 
intervention, both groups showed no differences in scores on each 
section and the overall score. Further, there was no difference in the 
total score on frequency of consuming high-salt meals (seven items) 
or using high-salt seasoning and eating out (four items) before and 
after the 4-week period in the control group, but these scores de-
creased significantly in the self-monitoring group. Additionally, the 
total score on all 13 items decreased significantly. However, when 
the difference in baseline and endline scores of both groups was ad-
justed by an ANCOVA, the result became non-significant (Table 3).

The distribution of eating behavior stage during the intervention 
showed no difference at baseline in both groups. However, at the 
endline, no difference was found in the control group, but a signifi-
cant increase was found in the self-monitoring group (Table 3). When 
adjusted by an ANCOVA, the self-monitoring group had a 0.7 stage 
improvement as compared to the control group (P = 0.004).

4  | DISCUSSION

Japan is among the countries with the highest salt intake in the 
world,1,26 and since this dietary behavior is formed since ado-
lescence,7,8,10 it is necessary to establish salt management and a 
practical salt-reduction education tool for young individuals. The 
present study was the first to report that frequent self-monitoring 
using a self-monitoring salt excretion level measurement device can 

improve 24-hour urinary sodium/potassium ratio. Thus, it is a prac-
tical salt-reduction educational tool for young individuals. In other 
words, in the self-monitoring group using the self-monitoring urinary 
salt excretion level measurement device, there was no difference in 
the 24-hour potassium excretion level but there was a tendency to 
exhibit reduced 24-hour urinary salt excretion, resulting in a signifi-
cant reduction of the sodium/potassium ratio. Furthermore, the self-
monitoring group showed significant reduction in ON salt excretion. 
The absolute value may have a certain error range,13-15 but since the 
correlation of ON salt with daily salt intake has been confirmed by in 
and out tests,14,15 we believe that the significant change in individual 
salt intake observed in this study is very important. This result shows 
the same tendency as that observed in the parallel randomized trial 
we conducted with a target population of men and women of a mean 
age of 58.1 years, using almost the same protocol as the present 
study.17

For the young individuals in the present study, as well as for mid-
dle- to old-aged individuals, recognizing one's own urinary salt excre-
tion level was probably an important subjective factor in beginning 
salt-reduction behavior. We came to this conclusion due to the re-
sult that eating behavior stage improved only in the self-monitoring 
group. This implied that self-monitoring one's own ON salt excretion 
level with a self-monitoring salt excretion level measurement device 
leads to behavioral change (Table 3). There was also a significant de-
crease in systolic blood pressure only in the control group, while no 
change was observed in urinary salt excretion level (Table 2). While 
the reason for this is unclear, we believe that some other factors 
besides nutritional intake, such as body weight, age, nutritional el-
ements, a particular food item, physical activity, or other lifestyle 
factors were involved.27-29

The relationship between blood pressure and salt intake is com-
plicated. Some reports showed no relationship, and that blood pres-
sure is influenced by BMI and age rather than salt intake.27-29 Even 
in the DASH-Sodium trial, where participants' salt intake or body 
weight were kept constant during the intervention period, it was 
observed that complex factors, such as measurement variables or 
environmental or behavioral stress, influenced participants' blood 
pressure.30 Our previous study also reported that, in a salt in-out 
test of young individuals, some participants showed higher blood 
pressure with decreased salt intake and lower blood pressure with 
increased salt intake, and that the morning blood pressure did not 
always correlate with salt intake.15 In the present study, the target 
population was young women, and their blood pressure and BMI 

 All subjects Control group Self‐monitoring group P value

Number 100 49 51  

Age (y) 20.8 ± 0.9 20.7 ± 0.9 20.9 ± 0.8 0.274

Height (cm) 158.6 ± 5.0 158.9 ± 4.6 158.2 ± 5.5 0.528

Body weight (kg) 51.4 ± 5.8 51.6 ± 6.0 51.2 ± 5.6 0.738

BMI (kg/m2) 20.4 ± 2.0 20.7 ± 0.9 20.9 ± 0.8 0.951

Notes: Data expressed as frequency (%) or mean (SD). Abbreviation: BMI: body mass index.

TA B L E  1   Characteristics of study 
participants
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were low at baseline. This made it difficult to interpret the change 
in blood pressure in the two groups. Therefore, when managing 
salt intake in young individuals, it is important to estimate their 
salt intake objectively, irrespective of blood pressure. Evidently, it 
is necessary to monitor salt-intake level regularly. To this end, the 
self-monitoring salt excretion level measurement device is easy to 
use, and it facilitates repeated usage. Thus, it is an essential tool to 
facilitate salt-reduction education and salt-intake management in 
young individuals.

The importance of the need of an easily operated, cost-ben-
eficial salt-monitoring device can also be found in other recent 
studies. For instance, a study on non-overweight normotensive 
individuals (n = 889, mean age: 57.3 years) showed that the sodium 

excretion level estimated by spot urine tests correlated signifi-
cantly with future systolic blood pressure (mean follow-up period: 
5.8 years).31 Similarly, a prospective cohort study of adults who 
were free of clinical cardiovascular disease (n = 6814, mean age: 
62.0 years) showed that the sodium/potassium ratio estimated 
by spot urine tests predicted future incidents of stroke.32 Thus, 
a daily self-monitoring urinary salt excretion level measurement 
device is the key to protecting us from diseases related to excess 
salt intake.

Moreover, the radical increase in smartphone users worldwide 
has led to the development of information and communication tech-
nology based health care for diseases and nutritional education 
with emerging outcomes. Mobile applications for weight loss, like 

TA B L E  2   Change in 24-h urine collection and blood pressure after 4 wk of intervention

 

Baseline Endline Change from baseline
Adjusted difference (intervention vs 
control)a

Mean ± SD Mean ± SD Mean 95% CI P value Mean 95% CI P value

Sodium excretion (mg/d)

Control group (n = 49) 3258 ± 920 3319 ± 1352 61.8 −333, 456 0.755 425 −43, 893 0.074

Self-monitoring group (n = 51) 3189 ± 1012 2874 ± 1046 −315 −692, 62 0.100

P-value 0.725 0.068       

Salt excretion (g/d)

Control group (n = 49) 8.3 ± 2.4 8.5 ± 3.5 0.2 −0.9, 1.2 0.755 1.1 −0.1, 2.3 0.074

Self-monitoring group (n = 51) 8.2 ± 2.6 7.4 ± 2.7 −0.8 −1.8, 0.2 0.100

P value 0.725 0.068       

Potassium excretion (mg/d)

Control group (n = 49) 1464 ± 451 1443 ± 466 −21 −182, 140 0.798 −77 −264, 315 0.413

Self-monitoring group (n = 51) 1468 ± 510 1522 ± 531 54 −102, 211 0.491

P value 0.966 0.432       

Sodium/potassium ratio

Control group (n = 49) 4.1±1.5 4.2 ± 2.0 0.1 −0.5, 0.7 0.723 0.7 0.0, −1.3 0.045

Self-monitoring group (n = 51) 4.0 ± 1.7 3.5 ± 1.4 −0.5 −1.1, 0.0 0.044

P value 0.870 0.049       

Body weight (kg)

Control group (n = 49) 51.6 ± 6.0 51.3 ± 5.8 −0.2 −0.5, 0.0 0.055 −0.1 −0.5, 0.3 0.602

Self-monitoring group (n = 51) 51.1 ± 5.6 51.0 ± 5.7 −0.1 −0.4, 0.1 0.310

P value 0.737 0.804       

SBP (mm Hg)

Control group (n = 49) 101.9 ± 7.3 99.3 ± 6.9 −2.7 −4.0, −1.3 0.000 −2.1 −4.1, −0.1 0.035

Self-monitoring group (n = 51) 100.9 ± 7.7 100.6 ± 8.1 −0.3 −1.9, 1,4 0.739

P value 0.477 0.378       

DBP (mm Hg)

Control group (n = 49) 63.9±6.6 61.5 ± 6.7 −2.5 −4.0, −0.9 0.002 −1.3 −3.2, 0.7 0.194

Self-monitoring group (n = 51) 63.2 ± 6.5 62.2 ± 7.0 −1.0 −2.4, 0.4 0.146

P value 0.566 0.618       

Notes: Data expressed as mean (SD). P values are for tests comparing mean differences between baseline and endline changes in the variables be-
tween the two groups. Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
aCorrection by baseline values using analysis of covariance. 
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those involving self-monitoring of weight, diet, and activity,33,34 help 
choosing lower-salt foods,35 and they provide real-time feedback of 
energy and nutrient intake.36 These applications are likely to evolve 
and expand in the near future, with systems linking to devices with 

biological information such as that obtained from the salt-monitor-
ing device tested in the present study. These methods will contrib-
ute to lowering the risks and costs related to cerebrovascular and 
renal diseases.37-39

TA B L E  3   Change in salt check-sheet points and dietary behavior stage after 4 wk of intervention

 

Baseline Endline Change from baseline
Adjusted difference (interven‐
tion vs control)b

Mean ± SD Mean ± SD Mean 95% CI P value Mean 95% CI P value

Salt check-sheet

Frequency of intake of high-salt diet (7 items: 0–17 points)

Control group (n = 49) 4.7 ± 2.3 4.4±2.0 −0.3 −0.8, 0.2 0.241 0.1 −0.5, 0.7 0.704

Self-monitoring group (n = 51) 5.0 ± 2.0 4.5 ± 2.0 −0.5 −0.9, −0.1 0.028

P value 0.605 0.918       

Additional seasoning, frequency of eating out, and home-meal replacement (4 items: 0–12 points)

Control group (n = 49) 4.1 ± 1.7 3.9 ± 1.8 −0.2 −0.6, −0.2 0.429 0.2 −0.4, 0.7 0.558

Self-monitoring group (n = 51) 4.4 ± 1.5 3.9 ± 1.5 −0.5 −0.9, 0.0 0.043

P value 0.328 0.943       

Taste of your homemade dishes, amount of food (2 items: 0–6 points)

Control group (n=49) 2.4 ± 1.1 2.3 ± 1.3 −0.1 −0.5, 0.2 0.383 0.0 −0.5, 0.6 0.879

Self-monitoring group (n=51) 2.2 ± 1.4 2.1 ± 1.5 −0.1 −0.6, 0.4 0.743

P value 0.437 0.649       

Total (0-35 points)

Control group (n = 49) 11.2 ± 3.1 10.6 ± 3.0 −0.6 −1.3, 0.2 0.121 0.3 −0.7, 1.3 0.567

Self-monitoring group (n = 51) 11.5 ± 3.0 10.5 ± 3.5 −1.0 −1.8, 0.2 0.015

P value 0.573 0.923       

 

Baseline Endline Change from baselinea
Adjusted difference (intervention 
vs. control)c

Frequency 
(%) Frequency (%) Mean 95% CI P value

Mean 
(stage) 95% CI P value

Dietary behaviour stage

Control group (n = 49)

Precontemplation 
stage

11 (22.4) 12 (24.5)   0.873    

Contemplation stage 16 (32.7) 19 (38.8)

Preparation stage 7 (14.3) 4 (8.2)

Action stage 10 (20.4) 10 (20.4)

Maintenance stage 5 (10.2) 4 (8.2)

Self-monitoring group (n = 51) −0.7 −1.1, −0.2 0.004

Precontemplation 
stage

14 (27.5) 9 (17.6)   0.032    

Contemplation stage 15 (29.4) 11 (21.6)

Preparation stage 11 (21.6) 6 (11.8)

Action stage 5 (9.8) 18 (35.3)

Maintenance stage 6 (11.8) 7 (13.7)

P value 0.551 0.192  

Note: P values are for tests comparing mean differences between baseline and endline changes in the variables between the two groups.
aP-value compares the ratio difference between the baseline and endline changes in the variables between the two groups by the chi-square test. 
bCorrection by baseline values using analysis of covariance. 
cOrdinal variables were converted to continuous variables; correction by baseline values using analysis of covariance. 
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The limitations of the present study are that the decrease in the 
salt excretion level and salt check sheet score was not significant, 
and a related blood pressure change was not observed due to the 
short study period and the recruitment of a small target population 
with normal mean blood pressure. Therefore, a longer study period 
and the examination of outcomes with a group of young individuals 
with high blood pressure are necessary.

However, despite these limitations, the present finding that the 
use of a self-monitoring salt excretion level measurement device can 
improve salt management among young individuals is important in 
that the sodium/potassium ratio can be improved by the mere use 
of the device.

5  | CONCLUSIONS

Frequent self-monitoring of ON salt excretion using the self-moni-
toring urinary salt excretion level measurement device tested in the 
present study contributed to improving participants' 24-hour uri-
nary sodium/potassium ratio and eating behavior stage. Thus, it is a 
useful and practical tool to educate young individuals about reduc-
ing their salt intake.
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