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Abstract
Recently, a simple device for self-monitoring of daily salt intake was developed, and it is recommended by The Japanese
Society of Hypertension. This study aimed to investigate the effects of this device on salt reduction and on lowering blood
pressure. In this single blinded, cluster randomized controlled trial, families were randomly assigned to either an intervention or
a control group. Participants in both groups attended lectures about salt reduction, but only the intervention group used the self-
monitoring device to estimate their daily salt intake. The main outcome measure was the difference in the estimated daily salt
intake by spot urine between the two groups after 4 weeks. The secondary outcome was the difference in blood pressure. A total
of 105 families (158 participants) were randomized. The mean daily salt intake was 9.04 (SD 1.77) g/day in the control group
and 9.37 (SD 2.13) g/day in the intervention group at baseline. After 4 weeks, the mean daily salt intake was 8.97 (SD 1.97) g/
day in the control group and 8.60 (SD 2.25) g/day in the intervention group; the mean difference between the two groups was
−0.50 g/day (95% confidence interval (CI) −0.95, −0.05; P= 0.030). The mean difference in systolic blood pressure was
−4.4 mmHg (95% CI −8.7, −0.1; P= 0.044). This is the first randomized controlled trial to demonstrate the effectiveness of a
device for self-monitoring of salt intake with a significant reduction in daily salt intake and systolic blood pressure.

Introduction

Self-monitoring, which has a strong theoretical foundation
for behavior change, has been proven to be an effective

strategy for various health behavior changes, including
smoking cessation, diet modification, and physical activity
[1, 2]. Salt reduction is one of the top three priority actions
for the prevention of non-communicable diseases recom-
mended by the World Health Organization [3], and it has
been reported that accurately evaluating one’s own daily
salt intake effectively leads to appropriate guidance and
judgment as to whether the salt restriction target has been
attained [4, 5]. The most accurate way to estimate daily salt
intake is to measure urinary sodium excretion by 24-h urine
sampling. However, this technique is difficult to implement
because it imposes a large burden on patients [6, 7]. In
addition, it does not reflect long-term salt intake [8]. Several
other methods for estimating daily salt intake have been
reported, such as spot urine, nighttime urine, and the second
urine after waking; however, the implementation of repe-
ated urinary tests at medical institutions is not feasible [4].

Recently, a simple, self-monitoring device that estimates
salt intake by analyzing data from overnight urine using a
preinstalled calculation formula was developed [9]. Patients
can use this device at home to determine their estimated
daily salt intake. Several studies have reported the validity
of using this device to monitor estimated daily salt intake
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[10–12]. Although it has been recommended as a useful tool
by the Working Group for Dietary Salt Reduction of the
Japanese Society of Hypertension [4], its effectiveness for
salt reduction and lowering blood pressure (BP) has been
suggested by only pretest–post-test design studies with
weak evidence [9, 13, 14]. Accordingly, the aim of the
current study was to investigate the effects of this device on
salt reduction and lowering BP using a randomized con-
trolled trial study design.

Methods

The study protocol has been registered with the University
Hospital Medical Information Network Clinical Trial Reg-
istry (UMIN-CTR: 000023788). We followed the CON-
SORT 2010 statement: extension to cluster randomized
trials [15].

Study design and participants

The study was a single blinded, family-based, cluster ran-
domized controlled trial. It was conducted in collaboration
with the following local organizations/municipalities in the
southern part of Fukushima Prefecture, Japan: the Japan
Agricultural Cooperative Yumeminami Branch, Nishigo
Village, Shirakawa Kosei General Hospital, Shirakawa City,
and Sukagawa City. We recruited participants aged 20 years
old or older. The trial was held at the Japan Agricultural
Cooperative Yumeminami Branch and in Nishigo Village
between September and October 2016, in Shirakawa Kosei
General Hospital between November and December 2016,
in Shirakawa City between January and February 2017, and
in Sukagawa City between March and April 2017.

Randomization

Families (clusters) were randomly assigned (1:1) to either
an intervention or a control group. Simple randomization
was performed with the use of a centralized computer.

Blinding

Participants were not blinded because the trial compared
nonpharmacological interventions that could not be masked.
The estimated daily salt intake by spot urine at baseline and
4 weeks after the intervention was measured by blinded
laboratory technicians.

Intervention

Participants in both the intervention and control groups
attended lectures about salt reduction. The content of the
lectures included “Salt intake and health longevity” by a
general physician (T.T.) and “Tips for effective salt reduc-
tion” by a registered dietitian (M.I.). Each lecture lasted 30
min. We handed out leaflets about salt reduction to the
participants of both groups.

In the intervention group, participants used the self-
monitoring device to estimate their daily salt intake, and they
recorded their results for 4 weeks. The device was developed
by Kono ME Laboratory, Kanagawa, Japan [9]. This device
consists of a 1-l urine cup and an electrical device with
volume and conductivity sensors (Fig. 1). The volume sensor,
which consists of 50 small resistant chips, measures over-
night urine volume in the cup. Since the conductivity sensor
measurement can be overestimated by other electrolytes, such
as potassium, the sodium chloride concentration was mea-
sured and then adjusted using a correlation formula as the

Fig. 1 Self-monitoring device
for estimating daily salt intake

Self-monitoring of daily salt intake 525



value between the values obtained with the ion electrode
method and the conductivity method. These values were then
integrated into estimated salt excretion in the overnight urine
sample. With the assumption of an 8-h sleep period, the self-
monitoring device estimates 24-h salt excretion using the
following formula: 24-h salt excretion (g/day)= 1.95x+ 4.5,
where X is the estimated salt excretion in the overnight urine
sample. In the intervention group, participants voided com-
pletely and discarded their urine before going to bed. Then,
they collected all urine anytime they used the restroom
throughout the night in the urine cup and measured their
estimated daily salt intake using the device.

Main outcome measure

Our primary outcome was the difference in the daily salt
intake estimated by spot urine between the intervention and
control groups 4 weeks after the intervention.

For the estimation of daily salt intake by spot urine, we
applied the equation recommended by the Japanese Society
of Hypertension [4], which is a simple method of obtaining
a valid approximation of measured 24-h urinary sodium
excretion [16]. The formula for estimated daily salt intake
by spot urine was as follows: 24-h salt excretion (g/day)=
0.0585 × 21.98 × ((NaS/CrS) × Pr.UCr24)0.392, where NaS is
the sodium concentration in spot urine (mEq/L), CrS is the
creatinine concentration in spot urine (mg/L), Pr.UCr24 is
the estimated 24-h urinary creatinine excretion (mg/day),
and Pr.UCr24=−2.04 × age+ 14.89 × body weight (kg)
+ 16.14 × height (cm)−2244.45.

The secondary outcome was the difference in BP between
the two groups 4 weeks after the intervention. For the BP
measurement, trained physicians (T.T. and S.S.) measured
the BP of each participant twice, with a minimum of 5 min
rest between measurements, using a validated automatic BP
monitor (Omron HEM-1010; Omron Healthcare, Kyoto,
Japan) [17]. Duplicate measurements were averaged.

Estimation of urinary potassium excretion

As briefly mentioned above, the value of 24-h salt excretion
by the self-monitoring device can be overestimated when
potassium excretion is high. To assess the influence of high
potassium excretion, we estimated potassium excretion by
the spot urine method with the following formula: 24-h
potassium excretion (mmol/day)= 7.59 × ((KS/CrS) × Pr.
UCr24)0.431, where KS is the potassium concentration in
spot urine (mEq/L) [16].

Sample size calculation

From the results of our prior trial for salt reduction, the
mean daily salt intake of the participants was 9.8 g/day (SD

2.1) [18]. Seventy-five participants per group were required
to detect a difference of 1 g of daily salt intake between the
two groups, with the following assumptions: one family
member per participant, intracluster correlation of 0.01,
alpha error of 0.05, and power of 0.80 [19].

Statistical analysis

Our main analysis was based on intention to treat. We tested
the effects of the intervention on the outcomes using linear
mixed models with robust variance estimates, with partici-
pants nested within family units and families nested within
the local organizations/municipalities. The model assumed an
independent covariance structure between the random effects.
Because our calculated sample size was not large, we planned
to adjust for sex, age, body mass index, use of anti-
hypertensives, chronic kidney disease (CKD), and pre-
intervention daily salt intake estimated by spot urine in the
analysis of the primary outcome. In the analysis of the sec-
ondary outcome, we adjusted for sex, age, body mass index,
use of antihypertensives, and pre-intervention BP. To account
for missing data on continuous outcomes, we carried out 20
imputations by the Markov Chain Monte Carlo method.

Furthermore, we conducted sensitivity analysis of the full
analysis set that included only participants who completed
both pre-intervention and post-intervention urinalysis to
examine the robustness of our conclusions in the primary
analysis.

A two-sided P value < 0.05 was considered statistically
significant. Statistical analyses were performed using a
commercial software package (STATA, version 14.2 SE;
StataCorp LP, College Station, TX).

Ethical considerations

This study was performed according to the Declaration of
Helsinki and the Ethical Guidelines for Medical and Health
Research Involving Human Subjects by the Japanese Min-
istry of Health, Labour and Welfare. The study protocol was
approved by the Ethics Committee of Fukushima Medical
University (2780). Written consent was obtained from all
participants. All participants were informed that they were
free to discontinue their participation at any time without
penalty. To ensure equality between the intervention and
control groups, participants in the control group used the
device after the trial for 4 weeks.

Results

We recruited 158 participants from 105 families. During the
trial, four participants in each group did not attend the
follow-up measurements. Figure 2 shows the trial profile.
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Table 1 shows the baseline characteristics of the parti-
cipants in each group. The two groups were generally
balanced in most parameters; however, participants in the
intervention group were younger, had more frequent use of
antihypertensives, and had higher estimated daily salt intake
at baseline than participants in the control group.

Table 2 shows daily salt intake estimated by spot urine in
each group. The mean daily salt intake was 9.04 (SD 1.77) g/
day in the control group and 9.37 (SD 2.13) g/day in the
intervention group at baseline. Four weeks after the interven-
tion, the mean salt intake was 8.97 (SD 1.97) g/day in the
control group and 8.60 (SD 2.25) g/day in the intervention
group; the mean difference between the two groups was−0.50
g/day (95% confidence interval (CI)−0.95,−0.05; P= 0.030).
The mean difference between the two groups was−4.4mmHg
(95% CI −8.7, −0.1; P= 0.044) in systolic BP (SBP) and
−0.5mmHg (95% CI −4.2, −3.2; P= 0.793) in diastolic BP
(DBP). The difference in daily salt intake estimated by the spot
urine method did not show a significant correlation with the
difference in BP (P= 0.94 for SBP and P= 0.99 for DBP).

Sensitivity analysis

The results of sensitivity analysis of the full analysis set
were very similar to those of the main analysis (Table 2).
The mean difference between the two groups in daily salt
intake was −0.51 g/day (95% CI −0.86, −0.16; P= 0.005).
The mean difference between the two groups was −5.8 mm
Hg (95% CI −7.7, −4.0; P < 0.001) in SBP and −0.2
mmHg (95% CI −4.4, −4.1; P= 0.937) in DBP.

Changes in daily salt intake estimated by the self-
monitoring device

In the intervention group, the mean recording rate of the
results of the device was 89.5%. The values of daily salt

intake estimated by the device were as follows: median
9.44, mean 9.30, SD 1.71 g/day in the first week; median
9.52, mean 9.50, SD 1.65 g/day in the second week; median
9.11, mean 9.50, SD 1.78 g/day in the third week; and
median 9.22, mean 9.27, SD 1.76 g/day in the last week
(Fig. 3). Although the mean difference between the first and
the last week was only −0.02 (SD 1.44, min −4.03, max
4.05) g/day, the difference between the median values was
−0.15 g/day.

Fig. 2 Study profile of the randomized controlled trial to investigate the effectiveness of a device for self-monitoring of salt intake

Table 1 Baseline characteristics of the participants

Control
group; n= 79

Intervention group;
n= 79

Japan Agriculture Yumeminami
Branch

18 15

Nishigo Village 11 11

Shirakawa City 11 14

Sukagawa City 15 14

Shirakawa Kosei General
Hospital

24 25

Age mean (SD), years 63.9 (11.8) 61.0 (13.0)

Female, n (%) 51 (64.6) 54 (68.4)

Use of antihypertensives, n (%) 29 (36.7) 34 (43.0)

Past history of CKD, n (%) 6 (7.6) 7 (8.9)

Body mass index mean (SD),
kg/m2

23.5 (3.2) 24.0 (3.2)

Baseline SBP mean (SD), mm
Hg

138.5 (19.8) 138.2 (21.2)

Baseline DBP (SD), mmHg 77.3 (12.3) 77.8 (11.6)

Baseline estimated daily salt
intake mean (SD), g/day

9.04 (1.77) 9.37 (2.13)

CKD chronic kidney disease, SBP systolic blood pressure, DBP
diastolic blood pressure
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Potassium excretion estimated by the spot urine
method

At baseline, the mean 24-h potassium excretion in the
control and intervention group was 38.6 (SD 7.73) mmol/
day and 39.0 (SD 7.66) mmol/day, respectively. Four weeks
after the intervention, it was 38.1 (SD 7.46) mmol/day and
37.3 (8.43) mmol/day, respectively, for the control and
intervention group.

Correlation between salt intake estimated by the
device and spot urine

As reported in previous studies [9, 13], the correlation
between salt intake estimated by the device and spot urine
was moderate (r= 0.57, P < 0.01; Fig. 4).

Discussion

As in studies of other health behavior changes, our results
suggested the effectiveness of self-monitoring in salt
reduction. We found a significant difference in daily salt
intake and SBP between the intervention and control
groups. Although the value of daily salt intake estimated by

the device could be less accurate than other evaluation
methods used in hospitals, it is convenient and can be
performed by patients themselves at home [4]. Thus, as
recommended by The Japanese Society of Hypertension [4],
the device could be an useful tool for salt reduction. While
the daily salt intake estimated by the spot urine method
decreased in the intervention group, there was little change
in daily salt intake estimated by the self-monitoring device.
Because the lecture on “Tips for effective salt reduction”
given by a registered dietitian (M.I.) included the recom-
mendation of increasing fruit and vegetable intake, we
hypothesized that participants in the intervention group
increased potassium intake, leading to overestimation of the
value of 24-h salt excretion by the self-monitoring device.
However, potassium excretion decreased in the intervention
group 4 weeks after the intervention. One possible expla-
nation was that the participants in the intervention group
might have avoided pickles, which have a high amount of
salt, according to the recommendation in the lecture by the
dietitian. The dissociation in the values of estimated salt
intake between the spot urine method and the self-
monitoring device could be caused by other factors, such
as excretion of cations other than potassium, temperature,
perspiration, and sleeping time. The relationship between
salt intake and hemodynamics has been evaluated in many

Table 2 Pre-intervention and post-intervention estimated daily salt intake and BP

Control group Intervention group Intention to treat

Baseline (SD) Post-intervention (SD) Baseline (SD) Post-intervention (SD) Adjusted difference (95% CI) P
value

Estimated daily salt intake,
g/day

9.04 (1.77) 8.97 (1.97) 9.37 (2.13) 8.60 (2.25) −0.50 (−0.95, −0.05) 0.030

SBP, mmHg 138.5 (19.8) 139.9 (17.2) 138.2 (21.2) 135.0 (20.9) −4.4, (−8.7, −0.1) 0.044

DBP, mmHg 77.3 (12.3) 76.7 (10.2) 77.8 (11.6) 77.6 (11.9) −0.5, (−4.2, 3.2) 0.793

SBP systolic blood pressure, DBP diastolic blood pressure

Fig. 3 Changes in daily salt intake estimated by the self-monitoring
device

Fig. 4 Correlation between salt intake estimated by the self-monitoring
device and spot urine
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previous studies [20, 21]. Although a previous meta-
analysis of randomized trials on salt reduction showed
that a 1 g/day reduction in salt intake led to an ~1 mmHg
reduction in SBP [20], using the self-monitoring device led
to a −4.4 mmHg reduction in SBP in the present study, with
a relatively small reduction of −0.50 g/day in daily salt
intake estimated by spot urine. Furthermore, the difference
in daily salt intake estimated by spot urine did not show a
significant correlation with the difference in BP. The dis-
sociation between the reduction in SBP and salt intake
could be explained by the fact that salt intake estimated by
spot urine reflects the salt intake of only 1 day and does not
reflect longer-term salt intake. In addition, it is possible that
participants in the intervention group gained a high
awareness of BP control by using the device and changed
their behavior through exercise, diet, medication, or other
means. If such behavior change did occur, it could be
regarded as an indirect effect of using the device. Unfor-
tunately, we did not prohibit participants from making such
behavior changes nor did we collect information about
them. Two previous reports investigated the effects of the
device on salt reduction with a pretest–post-test design. In
the study by Yamasue et al. [9], 46 adults measured their
daily salt intake with the device along with their BP. In the
observation period of 21–66 days with a mean of 4 weeks,
the mean daily salt intake estimated by the device decreased
significantly from 11.06 (SD 1.81) g/day to 10.47 (SD 1.76)
g/day, and SBP decreased from 137 (SD 17) mmHg to 133
(SD 16) mmHg. In the other study by Ohta et al. [13], 59
adults measured their daily salt intake with the device. In
the observation period of 30 days, the mean daily salt intake
estimated by the device decreased from 8.52 (SD 1.63) g/
day for the first 10 days to 8.31 (SD 1.54) g/day for the last
10 days (P < 0.05). Our results showed a similar tendency to
these two previous studies. However, studies with a
pretest–post-test design are generally regarded as weak
because there is no comparison group, making the results
especially vulnerable to threats to internal validity [22].
Thus, these two previous studies could not distinguish
whether the significant reductions in daily salt intake and
SBP were caused by use of the device. To the best of our
knowledge, this is the first randomized controlled trial to
investigate the effects of a simple device for self-monitoring
of daily salt intake on salt reduction.

Limitations

Several limitations of this study should be acknowledged.
First, our trial was conducted in the southern part of
Fukushima Prefecture, a relatively rural area of Japan.
Accordingly, the external validity of our findings in other
areas, including foreign countries, should be further inves-
tigated. Second, daily salt intake values for statistical

analysis were estimated using spot urine sampling.
Although this approach is less reliable than measurements
using 24-h collected urine, we chose the spot urine method
because of its greater convenience compared with 24-h
collected urine sampling. Third, the spot urine method
could be affected by the timing of urine collection. How-
ever, we did not specify the time of urine collection because
this approach was thought to be more convenient for the
study participants. Finally, our trial showed statistically
significant results 4 weeks after the intervention. However,
it has been reported that maintaining the effects of salt
reduction intervention is difficult over the long term [23].
Thus, the long-term effectiveness of our intervention should
be further investigated.

In conclusion, this randomized controlled trial suggested
the effectiveness of a self-monitoring device in significantly
reducing daily salt intake and SBP. Measuring estimated
daily salt intake using the device at home could be a useful
guide for salt reduction.
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