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ABSTRACT 
 

 

A high sodium (Na) intake and low potassium (K) 

intake are factors affecting hypertension in Japan. Thirty-

three residents took part in a randomized, controlled 

crossover trial. The purpose was to evaluate the effects of 

use of lightly potassium-enriched condiments (low Na/K 

condiments; 25% less Na and 20% higher K) on the urinary 

Na/K ratio, which is related to the dietary Na/K ratio. One 

week after the baseline measurements (run-in period), the 

participants were assigned to either a low Na/K condiments 

group or a standard condiments group for 2 weeks 

(experiment period 1). The conditions were then reversed 

for the next 2 weeks (experiment period 2). The participants 

were requested to use the given low Na/K or standard 

condiments during the designated periods at their home as 

usual instead of their own condiments. Casual urine 

measurements were taken over seven consecutive days in 

each run-in period during experiment periods 1 and 2. The 

average urinary Na/K ratios (mol/mol, mean±SD) in the low 

Na/K period were significantly lower than those in standard 

period by the paired t-test (3.28±1.56 vs. 3.96±1.98, 

P=0.001). The use of low Na/K condiments was effective in 

lowering the urinary Na/K ratio, which suggests blood 

pressure lowering effects. 

 

Key Words: Hypertension; Sodium; Potassium; Intervention; 

Condiments. 

 

Introduction 

Stroke and dementia are the top two causes of the 

need for long-term care under the Japanese long-term care 

insurance system [1]. Elevated blood pressure is the major 

risk factor for stroke [2]. High blood pressure was the cause 

of 42.9% of the total cardiovascular disease deaths and 

48.3% of stroke deaths in Japan [3]. Regarding cognitive 

decline, recent studies have suggested hypertension and 

other cardiovascular risk factors to be associated with onset 
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of vascular dementia and Alzheimer disease [4-5]. 

Prevention of hypertension is of concern to maintain social 

vitality in Japan, where more than two-thirds of the elderly 

aged over 70 is hypertensive [6]. 

Excess sodium (Na) intake and insufficient 

potassium (K) intake are both associated with blood 

pressure elevation [7-9], and their alteration through diet 

may be an effective strategy to prevent hypertension. 

According to a meta-analysis of studies using 24-hr urine 

samples in Japan, Na excretion in 24-hr urine has 

significantly decreased from 8500 mg/day (21.6 g/day of 

salt) in the 1950s to 4260 mg/day (10.8 g/day of salt) in the 

2010s, whereas there was no significant decrease from 

1978 to 2014 [10]. The average salt intake in Japan exceeds 

the recommended values by WHO (5 g/day) 11 and the 

Dietary Reference Intakes for Japanese 2015 (8 g/day) [12]. 

Japanese traditional high-salt condiments, such as soy sauce 

and miso, are the major sodium sources. According to a 

detailed dietary survey in Japan by the INTERMAP study, soy 

sauce and miso accounted for 17% and 7% of the total 

sodium intake, respectively [13]. Due to their high 

contribution, reduced sodium versions of these condiments 

with 40-50% lower sodium content are commercially 

available, but their taste acceptability may be not be 

satisfactory to consumers and their effects on salt intake 

reduction are unclear.  

Previously, the use of potassium-enriched and 

sodium-reduced salt was reported to be associated with 

decreased CVD mortality in a long-term randomized trial in 

Taiwan [11]. An intervention study in Finland, in which 

participants used processed foods and salt with less sodium 

that were rich in magnesium and potassium, demonstrated 

a significant decrease in BP [14]. However, such studies in 

Japan are limited [15] and the results are inconclusive. 

Potassium is contained in many foods, including 

vegetables and fruits, and can be used in reduced sodium 

condiments to increase the salty taste [16]. However, higher 

concentrations yield an acrid taste and may impair 

acceptability. Mildly potassium-enriched and reduced 

sodium (low Na/K) soy sauce and miso with sufficient taste 

acceptability for Japanese may be an effective method for 

reducing the dietary Na/K ratio without stress, which may 

help prevent hypertension; the most prevalent disease in 

elderly which accounts for the largest fraction of the 

healthcare expenditure in Japan [17]. They could have 

various uses; hypertensive people who find difficulties in 

reducing salt, normotensive people who want to prevent 

future elevation of BP, eating-out or food industries which 

are often receive criticism that they provide too salty foods.  

We performed an intervention study in which 

participants used low Na/K soy sauce, miso, and other 

condiments at home, and examined the effects on the spot 

urinary Na/K ratio. 

 

Methods 

Participants 

Residents aged 40 years and older in a rural town 

in Iwate Prefecture located in north-eastern Japan who 

participated in an annual specific health check-up in 2016 

spring were invited to enroll. We held an explanatory 

meeting before the enrollment and explained that 

participants would be asked to use potassium-enriched 

condiments for home cooking, and that they were unable to 

enroll if any of their family members required potassium 

restriction because of medical reasons. 

 

Study procedure 

The study procedures are shown in Figure 1. Two 

weeks prior to the beginning of the experimental periods, 

the study was explained to the participants by trained 

investigators. After confirming that no family member 

required potassium restriction, written informed consent 

was received from each participant. Participants were 

grouped into two groups by lottery; group A used low Na/K 

condiments in experiment period 1 (two weeks) and 

standard condiments in experiment period 2 (two weeks), 

whereas group B used standard condiments in experiment 

period 1 and low Na/K condiments in experiment period 2. 

The assignment was opened to the participants at the 

beginning of experiment period 1. The trial was conducted 

from November to December 2016. The ethics committee 
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of the Research Institute of Strategy for Prevention 

approved the study protocol. 

 

Study condiments 

Low Na/K and standard condiments were used. The 

NaCl content was 20 to 30% lower than that in the standard 

condiments, and the reduced content was replaced with K 

salt (K gluconate or KCl). Both standard and low Na/K soy 

sauce, miso, table salt, and mentsuyu (mixed seasoning 

made from soy sauce, sake, and bonito broth used for 

Japanese noodles, tempura sauce, and seasoning of dishes) 

were given. The Na and K content, and Na/K ratio are 

presented in Table 1.  

Participants brought their own condiments from 

home in order to make sure they only used the study 

condiments. Participants were requested to use the study 

condiments as usual, and were told that they did not have 

to restrict eating out or manufactured foods, and they were 

allowed to use other condiments, such as dressings, 

Worcester sauce, etc., throughout the study period. At the 

end of experimental periods 1 and 2, they returned the 

remaining study condiments, which were measured to 

calculate the amount used. 

 

Questionnaire 

Two weeks prior to the beginning of the 

experimental period, a questionnaire was conducted by 

trained investigators. Participants were considered to have 

a history hypertension if they responded “yes” to the 

question “have you ever been told that you have 

hypertension at a medical institution or health checkup?” 

The use of antihypertensive agents was investigated. 

Participants were asked if they were following a reduced 

salt diet. The number of household members was asked to 

estimate the amount of condiments to be provided. A short 

dietary propensity questionnaire (SDPQ) [18] was 

conducted, in which the frequency of food consumption for 

the previous two weeks was evaluated. Another SDPQ was 

performed at the end of experimental periods 1 and 2, and 

participants were asked if they used the test condiments for 

foods they had at home as usual. 

Measurement 

Blood pressure was measured in duplicate using 

standard automated sphygmomanometers (OMRON HEM-

7251G) on the right arm of seated participants after 5 

minutes of rest. The mean of two blood pressure 

measurements was used for analysis. Height and weight 

without shoes were measured. The body mass index (kg/m
2
) 

was calculated as weight (kg) divided by height (m) squared. 

 

Spot urine 

Participants were requested to take first morning 

spot urine samples on seven consecutive days prior to the 

beginning of experimental period 1, and during the latter 

half of experimental periods 1 and 2 (Figure 1). The spot 

urine samples were kept at home and then brought to the 

study office at the beginning of experimental periods 1 and 

2, and at the end of experimental period 2. The urine 

samples were placed in a freezer (-40°C) soon after they 

were brought to the study office. After all study procedures 

were finished, all samples were measured in one batch. 

Urinary Na (mEq/L) and K (mEq/L) were measured by the 

electrode method. Urinary creatinine (mg/dL) was 

measured by the enzymatic method. 

 

Statistical analysis 

For each set of the seven spot urine samples, the 

average Na (mEq/L), K (mEq/L), and creatinine (mg/dL) 

density was calculated. The average urinary Na/K ratio 

(mEq/mEq) was calculated as the average Na (mEq/L) 

divided by the average K (mEq/L) for each period. The 

average estimated 24-hr urinary Na excretion (E24Na, 

mmol/24 hr) and estimated 24-hr urinary K excretion (E24K, 

mmol/24 hr) were calculated using the average Na (mEq/L), 

K (mEq/L), and creatinine (mg/dL) by Kawasaki’s formula 

[19]. The amount of condiments used per person per day 

during the experimental periods were calculated as the 

amount used within experimental period 1 or 2 divided by 

number of family members and 14 days.  

There were no significant differences in baseline 

characteristics between group A (start with low Na/K 

condiments) and group B (start with standard condiments) 
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(data not shown), and we pooled data from group A and B 

collected from the periods using the same condiments, and 

used them to examine difference between periods using 

low Na/K condiments and standard condiments. The paired 

t-test was used to compare the urinary Na/K ratio, E24Na, 

and E24K between the low Na/K period and the standard 

period. The results of the SDPQ and amount of condiments 

used were also compared between the periods. To compare 

results among participants with a higher or lower Na/K ratio 

at baseline, participants were grouped into tertiles 

according to the urinary Na/K ratio in the run-in period. 

Analysis of variance was used to compare the urinary results 

among the tertiles. We used the analysis of covariance to 

compare the estimated mean of differences (low N/K period 

minus standard period) among the tertiles adjusted for sex, 

age, use of antihypertensive agents, reduced salt diet, and 

body weight. Linearity was evaluated with regression 

analyses, with the run-in period Na/K tertiles analyzed as a 

continuous variable. 

Analyses were performed using SPSS for Windows 

23.00 (IBM Corporation, Chicago, Illinois, USA). The 

significance level was set at 0.05, and was two-tailed. 

 

Results 

A total of 33 participants (8 men and 25 women) 

were enrolled. All participants completed all study 

procedures. Their baseline characteristics are presented in 

Table 2. They had a mean age of 64.6 years, 14 (42.4%) had 

a history of hypertension, and 28 participants (84.8%) 

answered that they were following a reduced salt diet in the 

questionnaire. On average, they had one bowl of miso-soup 

per day and did not eat out often. The average spot urinary 

Na/K ratio in the run-in period was 3.81 mol/mol. 

The average spot urinary data, amount of 

condiments used, results of the SDPQ, blood pressure 

during standard condiment period and low Na/K condiment 

period, and the differences between the periods are shown 

in Table 3. The average spot urinary Na/K ratio (mol/mol) 

was significantly lower in the low Na/K period than in the 

standard period (3.28 vs. 3.96, P=0.001). There was no 

significant difference in E24Na between the periods. E24K 

(mmol/24hr) was significantly higher in the low Na/K period 

than in the standard period (50.1 vs. 46.9, P=0.010). There 

was no significant difference in the systolic or diastolic 

blood pressure. Food intake as evaluated by SDPQ was 

similar. More soy sauce (g/person/day) was used in the low 

Na/K period than in the standard period (6.7 vs. 4.8, 

P<0.001), but there were no significant differences for the 

other condiments. 

The characteristics of tertiles of participants 

according to urinary Na/K ratio in the run-in period are 

presented in Table 4. The average Na/K ratio at baseline 

was 2.13 for the low tertile and 5.92 for the high tertile. A 

significantly higher E24Na and lower E24K were observed in 

the high tertile. The tertiles had similar characteristics i.e., 

age, body mass index, and blood pressure; however, fewer 

participants using antihypertensive agents were included in 

the middle tertile (9.1%, P=0.064). 

The amounts of condiments used and spot urine 

data during the standard and low Na/K periods for tertiles 

are shown in Table 5. In each tertile, urinary results in the 

standard period were similar to those in the run-in period. 

The mean decrease in the urinary Na/K ratio (mol/mol) in 

the low Na/K period was significantly larger than that in the 

standard period in the high tertile. The average difference 

(95% confidence interval [CI]) was -0.28 (-0.62 to 0.07) for 

the low tertile and -1.29 (-2.19 to -0.38) for the high tertile 

(P for trend=0.018). The results were similar for the 

adjusted means of the difference; -0.29 (-0.89 to 0.31) for 

the low tertile and -1.36 (-1.94 to -0.78) for the high tertile 

(P for trend=0.008). There was no significant difference in 

E24Na for all tertiles, but the adjusted difference in E24K 

(mmol/24 hr) was significant and positive for the high tertile 

(5.30 with 95% CI 1.2 to 6.0), but not for the low tertile 

(1.79 with 95%CI -2.4 to 6.0) (P for trend=0.213). 

 

Discussion 

We conducted an intervention study in which 

participants used standard or low Na/K condiments for two 

weeks each at home. Their urinary Na/K ratio was 

significantly reduced while using the low Na/K condiments 

compared with that during the period in which they used 
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standard condiments. The estimated 24-hr urinary 

potassium excretion significantly increased, which may help 

to prevent hypertension. A previous cohort study in Japan 

reported an increased mortality risk from total CVD and 

stroke for participants with a higher dietary Na/K ratio [20]. 

Our results suggest that this method may improve the 

dietary Na/K ratio and prevent hypertension in Japan. 

A higher Na intake and lower K intake in Japan 

compared with Western countries have been repeatedly 

reported [8, 21-22]. Although the average Na intake in 

Japan has decreased with advances in food processing and 

preservation, there has been no notable decline and the 

intake remains above the recommended values by WHO10 

and related authorities in Japan [12, 23-24]. Moreover, salt 

reduction by persons following a reduced salt diet was 

found to be low, 17.9 mmol/day (1.1 g/day in salt) in Japan, 

in a study using 24-hr urine samples [25]. Thus, population 

approaches for salt reduction are needed. On the other 

hand, the average potassium intake in Japan was 2219 

mg/day in 2016 according to the National Survey on Health 

and Nutrition Japan [26], which is far below the 

recommended value (3510 mg/day) set by WHO to prevent 

hypertension and CVDs [27]. Although fruit and vegetables 

are major sources of potassium, the average total intake of 

fruit and vegetables decreased from 432 g/day in 1975 to 

344 g/day in 2016 [26]. During this period, eating out and 

use of ready-made dishes became more common due to the 

economic growth [28], and the participation of women in 

the workforce increased [29]. These changes may be 

partially responsible for the high salt intake and insufficient 

potassium intake due to decreased fruit and vegetable 

consumption at home [26]. 

In the present analysis, participants in the high 

urinary Na/K tertile at baseline consumed more high-Na 

condiments than those in the low Na/K tertile. Individuals 

with a higher urinary Na/K ratio who are at higher risk of 

hypertension may prefer the salty taste and it may 

therefore be more difficult for them to reduce their salt 

intake by themselves. In the present study, the condiments 

used at home were changed, but they tasted similar. At the 

end of experimental periods 1 and 2, all participants 

answered that they used both the standard and low Na/K 

condiments in a satisfactory manner, and found no burden 

in using the condiments on the questionnaires (data not 

shown). The participants with a high urinary Na/K ratio at 

baseline had a greater decrease in the urinary Na/K ratio. 

The use of low Na/K condiments may be beneficial for those 

who prefer the salty taste and require support for reducing 

their sodium intake. 

We asked participants to use the test condiments 

at home, and placed no restrictions on eating out or the use 

of manufactured foods. The average amount of the test soy 

sauce used was 4.8 g/person/day during the standard 

period and 6.7 g/person/day during the low Na/K period, 

demonstrating that the participants had not restricted their 

use of condiments. According to a previous population 

study in Japan, the average amount of consumed soy sauce, 

including that in restaurant dishes and manufactured foods, 

was 13.8 g/day. Japanese pickles and salted fish are also 

important Na sources, with the average salt intake being 1.4 

g/day and 1.0 g/day from Japanese pickles and salted fish, 

respectively [30]; these are usually bought. If low Na/K 

condiments are used at restaurants and in manufactured 

foods, improvement in the dietary Na/K ratio will be more 

significant throughout the population.  

In the present analysis, average difference in 

urinary Na/K ratio (mol/mol) associated with use of low 

Na/K condiments at home was -0.68 and -1.29 for total 

participants and those in the highest Na/K tertile, 

respectively. The differences may correspond to expected 

decrease of 1.5mmHg and 2.8mmHg in SBP according to a 

previous meta-analysis study presenting significant effect of 

reduced urinary Na/K [31]. Participants did not declare any 

difficulty in using the condiments, thus they would be 

facilitated in various situations such as home cooking, 

restaurants, and processed foods. 

There are some limitations in this study. To 

accurately provide the designated condiments to each 

participant, the study was not blinded, and participants and 

research investigators knew the type of condiments used 

during the experimental periods. Thus, there is a possibility 

that participants altered their food consumption based on 
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the condiments given. Most of the participants reported 

that they were following a reduced salt diet and the 

possibility of a selection bias cannot be excluded. The 

amounts of test condiments used per person were 

calculated as the total amount used divided by the number 

of household members, and we did not separate the 

amounts consumed by the participant and the other family 

members. Thus, the amount used may have been affected 

by the family members. 

 

Conclusions 

We noted a significant decrease in the urinary Na/K 

ratio when participants used low Na/K condiments at home. 

Further studies with a larger sample size are necessary to 

examine the effects on blood pressure. This study suggested 

that low Na/K condiments can improve blood pressure by 

reducing the dietary Na/K ratio in populations with an 

excess salt intake and insufficient potassium intake such as 

in Japan and other Asian countries. 
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Tables 

Table 1. Na and K content in test condiments. 

 

  

Na (mg/100 

g) 

K (mg/100 

g) 

Na/K 

(mol/mol) 

Soy sauce 

Standard
a
 5449 434 21.3 

Low Na/K (K 

gluconate used)
b
 

4040 
1738 4 

Miso 

Standard
c
 4481 257 29.6 

Low Na/K (K 

gluconate used)
d
 

3644 
1760 3.5 

Mentsuyu 

Standard
d
 3567 470 12.9 

Low Na/K (K 

gluconate used)
d
 

2833 
987 4.9 

Salt 

Standard
e
 36337 402 154 

Low Na/K (K 

gluconate used)
f
 

29035 
11210 4.4 

 

a
Tokusen Soy-Sauce, Asanuma Soy Sauce Shop Co., Ltd. 

b
Iwate Kenmin, Asanuma Soy Sauce Shop Co., Ltd. 

c
Takeya Special Miso, Takeya Miso Co., Ltd 

d
Prototype for this study 

e
Setouchi no Shio, AEON Co., Ltd. 

f
Herushio Light, Japan Low-Salt Promotion Consortium 

 

Table 2. Characteristics of participants (n=33). 

  Mean (SD) 

Women, n (%) 25 75.8 

Age (year) 64.6 10.5 

First group, n (%) 18 54.5 

Number of household members 3.1 1.9 

History of hypertension, n (%) 14 42.4 

Use of antihypertensive agents, n (%) 12 36.4 

Following salt reduction diet, n (%) 28 84.8 

Body weight (kg) 54.2 9 

Body mass index (kg/m2) 22.9 2.3 

Systolic blood pressure (mmHg) 126.4 16.9 

Diastolic blood pressure (mmHg) 78.3 12 

      

Food intake (obtained from SDPQ)     

Rice (g/week) 1616 879 

Noodles with soup (ramen, udon, etc.) 

(bowls/week) 
1.8 1.6 

Miso soup (bowls/week) 6.9 3.7 

Discretionary soy sauce (times/week) 2.8 3.2 

Japanese pickles (times/week) 7.2 8.2 

Vegetables (times/week) 14.7 6.5 

Fruit (times/week) 5.7 2.8 

Eating out (times/week) 1.1 1.7 

      

Spot urine data in the run-in period     

Na/K（mol/mol) 3.81 1.85 

E24Na (mmol/24 hr) 208 45.9 

E24K (mmol/24 hr) 49.3 8.9 

 

SDPQ, short dietary propensity questionnaire29; E24Na, estimated 

24-hr urinary sodium excretion; E24K, estimated 24-hr urinary 

potassium excretion 

 

Table 3. Averages for spot urine samples, blood pressure, food 

intake, and condiments used during the standard condiment 

period and low Na/K condiment period (n=33). 

 

  

Standard Low Na/K 

Difference 

(Low Na/K - 

standard) 

Pa 

M SD M SD M SD 

  

Spot urine data 

Na/K(mol/

mol) 
3.96 1.98 3.28 1.56 -0.68 0.18 0.001 

E24Na 

(mmol/24 

hr) 

202 38 199 42 -3 4 0.451 

E24K 

(mmol/24 

hr) 

46.9 6.6 50.1 8.7 3.3 1.2 0.010 

Body 

weight (kg) 
54.5 8.9 54.4 9 -0.1 0.6 0.294 
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BMI(kg/m2) 22.4 2.9 22.4 2.9 -0.1 0.2 0.237 

SBP(mmHg) 127.3 17.5 125.4 18.2 -2.0 2.1 0.365 

DBP(mmHg) 79.7 11.2 78.5 12.4 -1.2 1 0.261 

Food intake (obtained from SDPQ) 

Rice 

(g/week) 
1316 1039 1566 869 250 863 0.106 

Noodles 

(bowls/ 

week) 

1.7 1.5 1.5 1.6 -0.2 1.8 0.606 

Miso soup 

(bowls/ 

week) 

5.9 3.2 6.5 3.2 0.5 3.6 0.388 

Discretion

ary use of 

soy sauce 

(times/ 

week) 

2.4 2.8 2.1 2.5 -0.3 2.5 0.539 

Japanese 

pickles 

(times/ 

week) 

5.3 4.5 5.6 7.6 0.3 7.5 0.835 

Vegetables 

(times/ 

week) 

12.4 6.2 12.1 6.6 -0.2 8.1 0.873 

Fruit 

(times/ 

week) 

5.7 2.9 5.7 3 0 3.1 0.978 

Eating out 

(times/ 

week) 

1.3 1.5 1.3 1.3 0 1.4 0.904 

Amount of condiments used (g/person/day) 

Soy sauce 4.8 4.1 6.7 4.2 1.9 0.5 <0.001 

Miso 8.4 4.6 8.8 4.3 0.4 0.5 0.37 

Salt 1 2 1.5 1.6 0.5 0.4 0.265 

Mentsuyu 10 8.7 11 9.6 0.9 0.9 0.276 

M, Mean; BMI, Body mass index; SBP, Systolic blood pressure; 

DBP, Diastolic blood pressure 

SDPQ, short dietary propensity questionnaire29; E24Na, estimated 

24-hr urinary sodium excretion; E24K, estimated 24-hr urinary 

potassium excretion 

a
P-values by paired-t tests. 

 

Table 4. Characteristics of tertiles of participants according to the 

urinary Na/K ratio in the run-in period (n=33). 

 

  

Ta1 (n=11) T2 (n=11) T3 (n=11) Pb 
Trend 

P 

M SD M SD M SD 
  

Spot urine data 

Na/K ratio 

(mol/mol) 
2.13 0.6 3.38 0.3 5.92 1.5 <0.001 <0.001 

E24Na 

(mmol/24 hr) 
181 34 194 32 249 41 <0.001 <0.001 

E24K 

(mmol/24 hr) 
55.9 10 46.3 6.7 45.6 5.5 0.006 0.017 

  

Women, n 

(%) 
8 73 9 82 8 73 1 

  

Age (year) 65.6 11 63.7 12 64.5 8.5 0.916 0.796 

Assigned to 

group A, n 

(%) 

3 27 7 64 8 73 0.146 

  

History of 

HTN, n (%) 
6 55 4 36 4 36 0.609 

  

Use of 

antihyperten

sive agents, 

n (%) 

6 55 1 9.1 5 46 0.064 

  

Following 

reduced salt 

diet, n (%) 

10 91 10 91 8 73 0.39 

  

Body weight 

(kg) 
53.8 9.5 52.3 8.5 56.6 9.2 0.534 0.47 

BMI (kg/m2) 22.4 2.7 21.7 2.3 22.9 3.9 0.638 0.684 

SBP (mmHg) 129 19 121 19 130 11 0.424 0.912 

DBP (mmHg) 78.9 13 75.3 11 80.7 12 0.576 0.722 

 

M, Mean; BMI, Body mass index; SBP, Systolic blood pressure; 

DBP, Diastolic blood pressure 

E24Na, estimated 24-hr urinary sodium excretion; E24K, estimated 

24-hr urinary potassium excretion; HTN, Hypertension 

a
P-values by analysis of variance for continuous variables and chi-

squared tests for categorical variables. 
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Table 5. Amount of condiments used and spot urine data during 

the intervention period for tertiles according to the spot urine 

Na/K ratio. 

  

T*1 (n=11) T2 (n=11) T3 (n=11) 
P

a
 

Trend 

P M SD M SD M SD 

Amount of condiments used 

Standard condiments 

Soy sauce 

(g/day) 
3.6 2.6 3.9 2.8 7 5.7 0.098 0.051 

Miso 

(g/day) 
7.6 5.2 7.3 4 10.2 4.4 0.274 0.184 

Salt (g/day) 1.3 2.3 1.1 2.5 0.8 0.9 0.813 0.518 

Mentsuyu 

(g/day) 
9.9 8.3 9.3 10.7 10.8 7.6 0.93 0.822 

Low Na/K condiments 

Soy sauce 

(g/day) 
5.4 3.8 7.1 4 7.6 4.8 0.462 0.234 

Miso 

(g/day) 
7.4 3.1 7.3 3.9 11.8 4.6 0.016 0.014 

Salt (g/day) 1.2 0.9 1 1.3 2.3 2.1 0.101 0.083 

Mentsuyu 

(g/day) 
10 8.2 10.4 11.6 12.5 9.4 0.808 0.536 

Results from spot urine samples 

Standard period 

Na/K ratio 

(mol/mol) 
2.67 0.9 3.15 1 6.05 1.85 <0.001 <0.001 

E24Na 

(mmol/24 

hr) 

180.9 32.1 187.6 32.8 236.7 19.8 <0.001 <0.001 

E24K 

(mmol/24 

hr) 

49.9 6.7 47.4 6.3 43.7 6 0.087 0.027 

Low Na/K period 

Na/K ratio 

(mol/mol) 
2.39 0.74 2.69 0.55 4.76 1.81 <0.001 <0.001 

E24Na 

(mmol/24 

hr) 

174.1 40.5 188.4 30.6 233.2 32.4 0.001 <0.001 

E24K 

(mmol/24 

hr) 

50.5 9.9 51.1 7.1 49.2 9.6 0.873 0.722 

Difference (low Na/K - standard) 

Na/K ratio 

(mol/mol) 
-0.28 0.51 -0.46 0.78 -1.29 1.35 0.042 0.018 

(95%CI) (-0.62, 0.07) (-0.99, 0.06) (-2.19, -0.38)     

E24Na 

(mmol/24 

hr) 

-6.8 26 0.8 9.7 -3.5 31.7 0.768 0.754 

(95%CI) (-24.2, 10.7) (-5.7, 7.3) (-24.8, 17.8)     

E24K 

(mmol/24 

hr) 

0.7 7.5 3.7 4.7 5.5 7.8 0.262 0.103 

(95%CI) (-4.4, 5.7) (0.6, 6.8) (0.2, 10.7)     

Adjusted difference (low Na/K - standard) (SE) 

Na/K ratio 

(mol/mol) 
-0.28 0.29 -0.37 0.29 -1.39 0.28 0.022 0.013 

(95%CI) (-0.87, 0.32) (-0.96, 0.23) (-1.97, -0.81)     

E24Na 

(mmol/24 

hr) 

-0.3 7.7 -3.5 7.8 -6.3 7.8 0.883 0.552 

(95%CI) (-15.7, 16.4) (-19.5 12.5) (-21.3, 9.6)     

E24K 

(mmol/24 

hr) 

1.9 2.1 2.7 2 5.2 2 0.467 0.213 

(95%CI) (-2.3, 6.2) (-1.5, 6.9) (1.1, 9.4)     

 

M, Mean; E24Na, estimated 24-hr urinary sodium excretion; E24K, 

estimated 24-hr urinary potassium excretion 

a
P-values by analysis of variance or analysis of covariance for 

comparison of adjusted differences with adjustment for age, sex, 

use of antihypertensive agents, reduced salt diet, and body weight. 

 

Figure 

 

Figure 1. Design of the study. 

SDPQ, short dietary propensity questionnaire; BP, blood pressure 


