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Abstract

Background: There are many patients who need to restrict and assess
salt in their diet. However, it is difficult to estimate daily salt intake
accurately and easily. Therefore, a method for estimating dietary salt
intake using the overnight urinary sodium (Na)/potassium (K) ratio
was developed.

Methods: The study involved 43 healthy adults (13 males, 30 fe-
males). From 2018 to 2020, subjects consumed a salt-adjusted diet
for 11 - 30 days continuously, and overnight urine was collected dai-
ly. Using the previous day’s salt intake as the objective variable, an
equation for estimating the salt intake was developed using a general
linear model. To verify the accuracy of the estimating equation, the
estimated salt intake of the previous day was calculated using our
equation and Tanaka’s equation, which is an estimating equation from
spot urine widely used in clinical practice and epidemiological stud-
ies to estimate dietary salt intake, and they were compared with the
actual salt intake.

Results: The results of the analysis showed that model 1 (previous
day’s salt intake (g) = 3.62 + 0.64 x urinary Na/K ratio + 0.18 X con-
ductivity (mS/cm) - 0.43 x sex (male 0, female 1)) was the optimal
model. Then, salt intake was estimated using model 1 and Tanaka’s
equation, and compared with actual salt intake. The Pearson’s prod-
uct-moment correlation coefficient between the actual and estimated
salt intake was r = 0.618 (P < 0.001) and r = 0.573 (P < 0.001) for
model 1 estimates and Tanaka’s equation estimates, respectively. The
percentages of errors within £30% from the actual salt intake were
64.2% and 58.4% for model 1 and Tanaka’s equation, respectively.

Conclusion: An equation for estimating salt intake was developed us-
ing the Na/K ratio and conductivity of overnight urine. Although the
applicability of this method to hypertensive patients and the elderly
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has not been studied and needs to be clarified in the future, the esti-
mating equation developed is simple and may be a useful method for
daily monitoring of dietary salt intake.
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Introduction

The relationship between salt intake and blood pressure has
been reported by many epidemiological studies [1, 2], and ex-
cessive salt intake is a risk factor for cardiovascular disease
and stomach cancer [2-6]. In addition, some intervention stud-
ies have demonstrated that reducing dietary salt intake lowers
blood pressure [7-9], and salt restriction is recommended in
guidelines for hypertension [10].

One of the barriers to successful salt restriction is the dif-
ficulty in estimating dietary salt intake. The gold standard for
estimating an individual’s daily salt intake is the 24-h urine col-
lection method [11, 12], but this method is not suitable for daily
monitoring because of the high burden on patients. Several other
simple methods for estimating salt intake by spot urine have
been reported [13-15], but they are not recommended because
of their low accuracy for individual estimation [16]. In addition,
estimation by spot urine requires measurement of creatinine
(Cr), which is difficult to measure at home and therefore cannot
be used for daily monitoring. There are methods for estimating
salt intake at home using electrical conductivity (conductivity),
but these methods have problems in daily monitoring, such as
overestimation of salt intake due to increased potassium (K) in-
take and the need to collect whole urine [17].

The Na/K ratio, which is calculated by dividing the urinary
sodium (Na) concentration by the K concentration, is being
used in medical examinations as an index to evaluate daily di-
etary content [18, 19]. The World Health Organization (WHO)
recommends a decrease in salt intake and an increase in K in-
take and suggests that the guideline-targeted Na and K intake
levels would yield a Na/K molar ratio of approximately 1.0 [20,
21]. Furthermore, the urinary Na/K ratio can be easily meas-
ured by a portable device. Thus, we investigated an equation
for estimating dietary salt intake using the overnight urinary
Na/K ratio as a simple measurement without the need for Cr
measurements for daily monitoring. In our previous study, we
developed an equation for estimating salt intake, but the range

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | www.jocmr.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 479
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/jocmr4596&domain=pdf&date_stamp=2021-10-02

Method of Estimating Dietary Salt Intake

J Clin Med Res. 2021;13(9):479-486

of possible estimates was too narrow, and the equation tended
to overestimate the low-salt zone [22]. One of the reasons for
the overestimation was thought to be the lack of data for low-
salt meals, so this study was conducted to improve the accuracy
of the estimating equation by adding data for low-salt meals.

Materials and Methods

Subjects

This study included 43 healthy adults (13 males, 30 females)
who were recruited from 2018 to 2020. Of the 43 volunteers,
31 were recruited from students at Nagoya University of Arts
and Sciences and 12 were recruited from the general popula-
tion at HUMA R&D Corp. (Tokyo, Japan). The participants
were healthy volunteers without hypertension, kidney disease,
or other known diseases, and who were not taking regular
medication. Smokers were excluded from this study. Weight
and blood pressure were measured daily during the study pe-
riod to confirm that there were no fluctuations. This study was
conducted according to the guidelines laid down in the Decla-
ration of Helsinki, and all procedures involving research study
participants were approved by the Research Ethics Commit-
tee of Nagoya University of Arts and Sciences (186, 234, 242,
338, and 437).

Intake of salt formula diet

The subjects consumed a salt-adjusted meal for 11 - 30 days.
The amount of salt was adjusted every few days in the range
of 2 - 19 g. All nutrient intakes were calculated by confirming
nutrient amounts from the Standard Tables of Food Compo-
sition in Japan 2015 (seventh revised edition) or from food
packaging. The meals were cooked with all ingredients strictly
weighed, and the subjects consumed everything completely,
including seasonings, sauce and soup. Additional and reduced
dietary intakes were allowed only if the exact amount of the
nutrient was known, and all these intakes were recorded. Con-
sumption of alcohol was prohibited during this study.

Urine collection and measurement

The overnight urine, which is the first morning voided urine, was
collected daily. The Na concentration, K concentration, Na/K
ratio, and Cr concentration in the collected urine samples were
measured at the Nagoya Medical Cooperative Association Na-
goya Clinical Laboratory Center. Specific gravity was measured
using a PAL-09S (ATAGO Co., Ltd, Tokyo, Japan), and the con-
ductivity was measured using a LAQUAtwin <EC-33B> (HOR-
IBA Ltd, Kyoto, Japan). In addition, urine weight was measured.

Statistical analysis

The following variables were used for analysis in this study:
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previous day’s salt intake, urinary Na, K, and Cr concentra-
tions, urinary Na/K ratio, conductivity, specific gravity, urine
weight, height, body weight, body mass index (BMI), age,
and sex. Data are expressed as means + standard deviation
(SD), with differences between the two groups examined for
significance using Student’s #-test or Mann-Whitney U test.
The association between each variable was determined using
Pearson’s product-moment correlation coefficient. Using the
previous day’s salt intake as the objective variable, an equation
for estimating salt intake was developed using a general linear
model. To verify the accuracy of the estimating equation, the
estimated salt intake of the previous day was calculated using
our equation and Tanaka’s equation [13], and the results were
compared with the actual measured salt intake. All analyses
were performed using R version 4.0.3. P values < 0.05 were
considered significant.

Results

Subjects’ characteristics

The characteristics of the subjects are shown in Table 1. All
subjects completed this study. The average age of the 43 sub-
jects, which included 13 males and 30 females, was 28.2 +
10.8 years overall, 32.9 £ 13.0 years for males, and 26.2 +
9.3 years for females (P-value between males and females =
0.008). Height and weight were both significantly higher in
males than in females (P < 0.001 for both). The BMI was not
significantly different between males and females.

Salt intake and urine measurements

Salt intake and urine measurements are shown in Table 1. Salt
intake was 8.44 + 3.42 g overall, 7.91 £+ 3.54 g in males, and
8.62 £ 3.36 g in females (P = 0.006). There were significant
differences in urinary Na concentration, urinary Na/K ratio,
and conductivity between males and females (all P < 0.001).
There was no difference in urinary K concentration and spe-
cific gravity between males and females.

Equation for estimating salt intake using the overnight
urinary Na/K ratio

Pearson’s product-moment correlation coefficient was cal-
culated for each variable (previous day’s salt intake, urinary
Na/K ratio, urinary Na concentration, urinary K concentration,
conductivity, specific gravity, urine weight, height, weight,
and age). Results are shown as a correlation matrix between
each of the variables (Table 2). The urinary Na/K ratio and
conductivity were significantly positively related to the previ-
ous day’s salt intake (r = 0.522, P < 0.001 and r = 0.433, P <
0.001, respectively). Since there were significant differences
in the urinary Na/K ratio and conductivity between sexes, a
regression equation to estimate the previous day’s salt intake
was developed using a general regression model with urinary
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Table 1. Characteristics, Urinary Findings and Dietary Salt Intakes of Study Subjects

Variables Overall (n =43) Male (n=13) Female (n =30) P-value®
Age (years) 28.2+10.8 32.9+13.0 26.2+9.3 0.008
Height (cm) 161.0 + 6.6 168.2+3.0 157.9+£5.2 <0.001
Weight (kg) 54.8+9.5 62.5+11.3 51.5+64 <0.001
BMI (kg/m?) 21.1+£3.0 22.1+4.1 20.6+2.4 0.244
SBP (mm Hg)? 105.2+10.2 114.1+4.6 102.6 £10.0 0.007
DBP (mm Hg)? 68.9+7.7 71.6+7.2 68.2+7.8 0.356

(n =909) (n=231) (n=678) P-value®
Na (mmol/L) 83.3+£56.6 69.1 £51.2 88.1£57.6 <0.001
K (mmol/L) 26.1+16.7 25.9+16.0 26.2+16.9 0.822
Na/K (mmol/mmol) 3.69+2.49 2.73+1.55 4.01 £2.66 <0.001
Cr (mg/dL) 118 +82 141 + 81 111 +81 <0.001
Specific gravity 1.017 + 0.008 1.018 +£0.008 1.017 +£0.008 0.294
Conductivity (mS/cm) 15.8+6.6 14.5+5.9 16.3+6.7 <0.001
Urine weight (g) 295+ 150 331+ 167 283 + 142 <0.001
Salt intake (g) 8.44 +3.42 791 +3.54 8.62 +3.36 0.006

aBlood pressure at baseline was measured in subjects recruited from universities (seven males and 24 females). PComparing males versus females
by Mann-Whitney U test. “Comparing males versus females by Student’s t-test. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic

blood pressure.

Na/K ratio, conductivity, and sex as explanatory variables. The
results of the analysis showed that model 1 (previous day’s salt
intake (g) = 3.62 + 0.64 x urinary Na/K ratio + 0.18 x conduc-
tivity (mS/cm) - 0.43 x sex (male 0, female 1)) was the optimal
model (Table 3).

Relationship between the value obtained by the estimating
equation and the actual measured value

Table 4 presents actual salt intake and the estimated values
calculated by model 1 or Tanaka’s equation. The mean + SD
values of the actual salt intake, the model 1 estimate, and Tan-
aka’s equation estimate were 8.44 +£3.42 g, 8.51 £2.13 g, and
7.14 £ 1.79 g, respectively. The medians (interquartile range)
were 8.70 (5.80 - 10.73) g, 8.12 (6.85 - 9.75) g, and 7.02 (5.87
- 8.25) g, respectively. Model 1 was closer to the actual salt
intake in the high salt zone (75th percentile), but overestimated
the values in the low salt zone (25th percentile). On the other
hand, Tanaka’s equation was closer to the actual salt intake in
the low-salt zone, but underestimated the value in the high-
salt zone. Pearson’s product-moment correlation coefficient
between the actual and estimated salt intake was r=10.618 (P <
0.001) and r =0.573 (P < 0.001) for the model 1 estimate and
Tanaka’s equation estimate, respectively. The percentages of
errors within £30% from the actual salt intake were 64.2% and
58.4% for model 1 and Tanaka’s equation, respectively (Fig.
1). The percentages of errors within + 1.0 g from the actual salt
intake were 25.0% and 25.6% for model 1 and Tanaka’s equa-

tion, respectively (Fig. 1).

Discussion

A regression equation to estimate the previous day’s salt intake
using a general regression model with the urinary Na/K ratio,
conductivity, and sex as explanatory variables was developed.
Model 1 (previous day’s salt intake (g) = 3.62 + 0.64 X urinary
Na/K ratio + 0.18 % conductivity (mS/cm) - 0.43 x sex (males
0, females 1)) was found to be the optimal model.

There is diurnal variation in urinary Na and K excretion
and the urinary Na/K ratio [23]. Cogswell et al [24] reported
that the estimation of salt intake using spot urine varied de-
pending on the timing of urine collection. Thus, the accuracy
of these estimating equations may depend on the timing of col-
lection. Therefore, in this study, an estimating equation limited
to overnight urine was developed, considering the variability
of the estimate due to this diurnal variation. Overnight urine
may be useful for daily monitoring because it has a longer
urine storage time and is often voided at home or in a limited
location for each individual.

In the present study, not only the urinary Na/K ratio, but
also the conductivity was used as an explanatory variable in
the estimating equation. Conductivity is an indicator that re-
flects the concentration of electrolytes in a substance and can
be used to measure the concentration of electrolytes in urine.
A simple measurement device for estimating salt intake using
overnight urine conductivity has been developed by Yamasue
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Table 2. Correlation Matrix of Measurements
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*P < 0.05; **P < 0.01; ***P < 0.001. Pre-salt intake: previous day’s salt intake.
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Table 3. Regression Equation for Estimating the Previous
Day’s Salt Intake From Na/K Ratio

Model 1
3.62%**

Model 2
3.39%s%:*

Model 3
5.93 %%
0.73%%*

Intercept
Na/K ratio 0.64%** 0.62%%*
Conductivity 0.18%%*%* 0.17%***
Sex -0.43* -0.22
AIC 4,386 4,389 4,535
n 909 909 910

R? 0.381 0.379 0.273

*P < 0.05; **P < 0.01; ***P < 0.001. AIC: Akaike’s information criterion.

et al [17]. However, this device calculates the urinary Na and
K excretion ratio as 7:3 (Na/K ratio 2.3) because the conduc-
tivity cannot measure urinary Na and K separately. Therefore,
if the Na and K intake ratio deviates from this assumption, it
becomes an error factor in the estimation of salt intake. The
use of two variables in the estimating equation of this study,
urinary Na/K, which decreases with increasing K intake, and
conductivity, which increases, may reduce the error due to K
intake.

The estimating equation developed in this study was com-
pared with Tanaka’s equation to verify its accuracy. Tanaka’s
equation was developed using data from 591 Japanese indi-
viduals and is now widely used in clinical practice and epi-
demiological studies to estimate dietary salt intake [25, 26].
Pearson’s product-moment correlation coefficient between
the actual salt intake and estimated salt intake was r = 0.618
(P <0.001) and r = 0.573 (P < 0.001) for the model 1 equa-
tion estimates and Tanaka’s equation estimates, respectively.
The percentages of errors within +30% from the actual salt
intake were 64.2% and 58.4% for model 1 and Tanaka’s equa-
tion, respectively. Zhou et al [16] reported that the percent-
age of errors within +£30% for the three estimating equations,
Tanaka’s equation, Kawasaki’s equation, and the INTERSALT
equation, were 64.5%, 57.4%, and 41.8%, respectively, in a
Chinese population. Cogswell et al [24] reported that the cor-
relation between estimated and measured 24-h urinary sodium
excretion using Tanaka’s equation with overnight urine was r
=0.47 in 406 residents of Washington. Model 1 developed in
the present study had accuracy equal to or better than the ac-
curacy of Tanaka’s equation reported in previous studies. Zhou
et al [16] reported that, among the three estimating equations,
Tanaka’s equation, Kawasaki’s equation, and the INTERSALT
equation, Tanaka’s equation had the lowest error in the Chi-
nese population, whereas Mayer et al [27] reported that the
INTERSALT equation had the lowest error in the Norwegian
population. Thus, the accuracy of the estimating equation var-
ies depending on the validation population. Tanaka’s equation
was developed in the Japanese population, which has a rela-
tively high salt intake, whereas the INTERSALT equation was
developed in the Western population, which has a relatively
low salt intake. Therefore, the estimation accuracy of the esti-
mating equation may depend on the average salt intake of the
population to be estimated.
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Table 4. Comparison of Measured and Estimated Previous Day’s Salt Intake

Percentile
Average SD
0% 25% 50% 75% 100%
Salt intake (g) 8.44 3.42 2.36 5.80 8.70 10.73 18.62 909
Model 1 (g) 8.51 2.13 4.47 6.85 8.12 9.75 17.75 909
Tanaka (g) 7.14 1.79 2.44 5.87 7.02 8.25 13.84 909

Model 1: previous day’s salt intake (g) = 3.62 + 0.64 x Na/K ratio + 0.18 x conductivity (mS/cm) - 0.43 x sex (males 0, females 1). Tanaka’s equation:
estimated 24HUNaV (mEg/day) = 21.98 x XNa®392, where XNa = SUNa/SUCr x PRCr, SUNa is Na concentration in the spot voiding urine, SUCr
is creatinine concentration in the spot voiding urine, PRCr is predicted value of 24HUCr, PRCr = -2.04 x age + 14.89 x weight (kg) + 16.14 x height

(cm) - 2244 .45. SD: standard deviation.

The medians (interquartile range) of the actual salt in-
take, the model 1 equation estimates, and Tanaka’s equation
estimates were 8.70 (5.80 - 10.73) g, 8.12 (6.85 - 9.75) g,
and 7.02 (5.87 - 8.25) g, respectively. Model 1 was closer to
the actual values in the high salt zone (75th percentile), but
overestimated the values in the low salt zone (25th percen-
tile). In contrast, Tanaka’s equation was closer to the actual
value in the low-salt zone, but underestimated the value in the
high-salt zone. Estimating equations based on spot urine tend
to overestimate in the low-salt zone and underestimate in the
high-salt zone, because the range of possible estimates is nar-
row, and the estimated values are close to the mean value [28].
The same trend was observed in the present study. One of the
reasons why the estimated low-salt zone by Tanaka’s equation
was close to the actual value is that the median of the estimated
value was lower than the actual value. Furthermore, Tanaka’s
equation is a nonlinear estimating equation, whereas model 1
is a linear estimating equation. Model 1, which is linear, may
overestimate the low salt zone because there is an intercept. It

a
20 -

=
9]
1

Salt intake (g)
[
o

0 T T T T T T T T T

0 2 4 6 8 10 12 14
Model 1 estimate (g)

16 18 20

is necessary to examine the estimating equation from this point
of view in the future.

One of the strengths of this study is the development of an
equation for estimating salt intake using actual salt intake, rather
than the amount of Na excretion by 24-h urine collection. The
equations of the previous study for estimating salt intake from
spot urine, such as Tanaka’s and Kawasaki’s equations, estimate
salt intake by a 24-h sodium excretion estimate. Although 24-h
urine collection is considered the gold standard for estimating
salt intake, the correlation between salt intake and estimates
from a single 24-h urine collection is approximately r = 0.7, and
differences occur between intake and excretion [29]. To omit
this gap, an estimating equation was developed using actual salt
intake as the objective variable in the present study, which may
reduce the error in the process of calculating salt intake.

Second, the formula in this study is simple and easy to use
for daily monitoring. Takada et al showed that daily monitor-
ing using a simple urine salt analyzer was effective in reducing
salt intake and lowering blood pressure [30]. If a urine meas-

b
20 -

-
(6]

Salt intake (g)
=
o

0 T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20
Tanaka formulas estimate (g)

Figure 1. Relationship between measured and estimated previous day’s salt intake. (a) Relationship between salt intake es-
timated by model 1 and actual salt intake. (b) Relationship between salt intake estimated by Tanaka formulas and actual salt
intake. Blue plot: relative difference > 30%, orange plot: relative difference < 30%. The percentages of relative difference < 30%
for model 1 and Tanaka formulas were 64.2% and 58.4%, respectively. The percentages of absolute difference < 1 g for model 1

and Tanaka formulas were 25.0% and 25.6%, respectively.
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urement device using the equation in this study is developed, it
may be useful as a daily home monitoring tool. Previous studies
have reported a linear association between cardiovascular dis-
ease events and estimated sodium intake using multiple 24-h
urine collections, the gold standard for salt intake estimation
[31-33]. On the other hand, WHO has recommended reducing
salt intake as a population approach not only in individuals with
hypertension but also in individuals without hypertension [20].
Therefore, daily monitoring of salt intake in individuals without
hypertension may contribute to the reduction of the risk for hy-
pertension and cardiovascular disease in the general population.

However, there are some limitations in this study. First,
in this study, data from persons aged 28.2 + 10.8 years were
used to develop the estimating equation, which is a narrow age
range with many young people. Although the prevalence of
hypertension increases with aging, the applicability of the es-
timating equation developed in the present study has not yet
been validated in patients older than the subjects in this study.
Several previous studies have reported higher overnight uri-
nary Na excretion in hypertensive patients and patients with
chronic kidney disease [34-36]. On the other hand, these pre-
vious studies also reported higher overnight urinary K excre-
tion in these patients. Iwahori et al have observed the diurnal
variation of Na/K ratio in 122 participants and reported that
diurnal variations in urinary Na/K ratios were comparable be-
tween normotensive and hypertensive individuals, and among
age and gender-specific subgroups [23]. There may not have
been a difference in the Na/K ratio because the overnight uri-
nary excretion of both Na and K is increased in hypertensive
patients. Therefore, it may be applicable to these patients. We
have not investigated the applicability of our estimating equa-
tion to hypertensive patients or elderly patients, so it is neces-
sary to clarify its applicability in the future.

Second, there is insufficient validation of accuracy in ex-
ternal populations. Tanaka’s equation and Kawasaki’s equation
were validated with external populations in their development
[13, 14]. In the present study, accuracy validation was con-
ducted using data from the population for which the estimating
equation was developed, so the estimating equation may have
been overfitted. Finally, the effect of K intake has not been in-
vestigated. The urinary Na/K ratio decreases with increasing K
intake. However, to what extent increased K intake decreases
the urinary Na/K ratio is unknown because increased K intake
enhances Na excretion [37]. In contrast, conductivity increases
with increasing K intake. Therefore, whether the present esti-
mating equation will underestimate due to increased K intake
is not known. Further studies are needed to investigate the ef-
fects of K intake.

Accurate salt intake estimation requires 24-h urine collec-
tion [11, 12], but this is a burden on the patient, and incomplete
collection is a problem [38, 39]. In addition, several estimat-
ing equations by spot urine have been developed [13-15], but
these equations are difficult to measure at home because they
require Cr measurement and are not suitable for daily moni-
toring. However, the Na/K ratio and conductivity used in the
present estimating equation can be easily measured at home.
Therefore, although there are some limitations in the present
estimating equation, it can be used for daily monitoring of pa-
tients who require salt restriction, and it can contribute to im-
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proving the adherence of patients to salt restriction.
Conclusion

An equation for estimating salt intake was developed using
the Na/K ratio and conductivity of overnight urine without the
need for Cr measurement. This estimating equation is simple
and may be a useful method for daily monitoring of dietary
salt intake.
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