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Abstract
Previous studies have reported a positive association between the urinary sodium-to-potassium (Na/K) ratio and
hypertension, and multiple measurements of the casual urinary Na/K ratio are more strongly correlated with the 24-h urinary
Na/K ratio than a single measurement. Multiple measurements of the urinary Na/K ratio might be more strongly associated
with hypertension. We aimed to determine the association between multiple measurements of the casual urinary Na/K ratio
and home hypertension compared with a single measurement. A population-based cross-sectional study was performed in
Miyagi Prefecture, Japan. Subjects were over 20 years old and participated in the Tohoku Medical Megabank Project Cohort
Study. We targeted 3273 subjects who borrowed home blood pressure (HBP) monitors and urinary Na/K ratio monitors for
10 consecutive days. The association between the urinary Na/K ratio and home hypertension (HBP ≥ 135/85 mmHg or under
treatment for hypertension) was examined using multiple logistic regression models. To compare the prediction of home
hypertension using multiple measurements with that using a single measurement, we calculated the area under the receiver
operating characteristic curve (AUROC). Multiple measurements of the urinary Na/K ratio strongly related to home
hypertension were better than 1 or 2 days of measurement (adjusted odds ratio of home hypertension per unit increase in
urinary Na/K ratio over 6 days: 1.13–1.15). The AUROC of the urinary Na/K ratio measurement for home hypertension was
stable after 5 days (AUROC= 0.779). In conclusion, multiple measurements of the urinary Na/K ratio are strongly related to
home hypertension. This finding suggests that multiple measurements of the urinary Na/K ratio are useful for evaluating
home hypertension.
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Introduction

The prevention of hypertension is very important because
hypertension leads to serious diseases, such as heart disease
and stroke [1]. High sodium intake is an established risk
factor for hypertension [2–4]. It is also widely reported that
potassium intake is inversely associated with hypertension.
Recently, the Prospective Urban Rural Epidemiology study
showed a positive association between estimated 24-h
urinary sodium-to-potassium ratios (Na/K ratios) and both
systolic blood pressure (SBP) and diastolic blood pressure
(DBP) [5]. The INTERSALT Cooperative Research Group
reported that the 24-h urinary Na/K ratio had an even
greater effect than sodium or potassium alone on SBP [2].
The 2017 American College of Cardiology/American Heart
Association Hypertension Guideline recommends reducing
sodium intake and increasing potassium intake to prevent
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and treat hypertension [6]. Accordingly, the balance
between sodium intake and potassium intake (Na/K ratio)
has received significant attention in the past year [7].

Recently, OMRON Healthcare Co., Ltd. (Fig. 1, HEU-
001F; OMRON Healthcare Co., Ltd., Kyoto, Japan)
developed a handy-sized urinary Na/K ratio monitor that
can quickly and easily measure the Na/K ratio from urine
samples. Thus, this monitor might be useful as a non-
invasive, self-monitoring device to estimate the urinary Na/
K ratio [8, 9]. However, few studies have shown whether
urinary Na/K ratios from self-monitoring devices are asso-
ciated with blood pressure (BP) or hypertension in the
general population.

Self-monitoring devices increase the ease of deter-
mining Na/K ratios and can enable multiple readings to be
taken, which provides unique benefits. In general, an
increasing number of measurement days increases the
reproducibility of the urinary Na/K ratio. One study
reported that Na/K ratios from casual urine samples might
yield more accuracy when repeatedly measured due to the
reduction in measurement errors [10]. Another study
reported that the urinary Na/K ratio from six random
casual urine samples on different days was well correlated
with Na/K ratios from seven consecutive 24-h urine
samples [11]. A previous study reported that an estimated
24-h urinary Na/K ratio from repeated casual urine sam-
ples collected yearly for 5 years was positively associated
with blood pressure [12]. Thus, it is feasible that multiple
measurements of the urinary Na/K ratio might yield
more accurate results. However, no studies have evaluated
the relationship between multiple measurements of urin-
ary Na/K ratios and home hypertension in a large
population.

Therefore, we aimed to determine whether multiple
measurements of the urinary Na/K ratio via casual urine
strengthen the relationship between the urinary Na/K ratio
and home hypertension better than a single measurement of
the casual urinary Na/K ratio.

Methods

Participant recruitment

The present study was a cross-sectional study using data
from the Tohoku Medical Megabank Project Cohort Study.
In 2011, the Tohoku Medical Megabank Project Cohort
Study (TMM Cohort Study) aimed to comprehend and
address the mental and physical impacts of the Great East
Japan Earthquake. In addition, this study sought to improve
health and medical care in this region. All subjects were
community residents of the Miyagi Prefecture or Iwate
Prefecture and were recruited for this study between May
2013 and March 2016 (approval number of the Ethical
Review Board: 2016-4-054, HG H25-2).

Those who participated in the baseline survey of the
TMM Cohort Study were invited to complete a secondary
survey. Starting in June 2017, participants could visit any of
the seven Community Support Centers within the Miyagi
Prefecture to complete this secondary survey. We also
began a collaborative study in June 2017 with OMRON
Healthcare Co., Ltd. for participants in the secondary survey
of the TMM Cohort Study (June 2017–March 2020). At
three of the seven Community Support Centers, we lent
urinary Na/K ratio monitors and BP monitors to the parti-
cipants. Of 7772 participants who agreed to participate in
the secondary survey of the TMM Cohort Study at three
Community Support Centers before October 2018, 4733
participants agreed to participate in the collaborative study
with OMRON Healthcare Co., Ltd. (response rate: 60.9%).
All participants provided written, informed consent to par-
ticipate in this collaborative study as approved by the
institutional Review Board of Tohoku Medical Megabank
Organization (approval number: 2017-4-007).

Participation criteria

To be included in the analysis, participants were required to
be a previous participant in the TMM Cohort Study and be
over 20 years old. Participants with no urinary Na/K ratio
data for 10 consecutive days as the maximum measurement
period (n= 970), no data of home blood pressure (HBP) in
the morning (n= 10), no information regarding treatment
for hypertension (n= 465), no listed height or weight (n=
5), or no reported alcohol status (n= 10) were excluded
from the analyses. Overall, a total of 3273 participants
fulfilled all criteria and had their data included in the
analyses.

Urinary Na/K ratio data collection

In this survey, participants were provided handy-sized
urinary Na/K ratio monitors that were used for 10

Fig. 1 Handy-sized urinary Na/K ratio monitors (HEU-001F;
OMRON Healthcare Co., Ltd., Kyoto, Japan)
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consecutive days. These monitors automatically record Na/
K ratio measurement values. Participants measured urinary
Na/K ratios by themselves in the morning after waking up
and in the evening before going to sleep. The staff at each
Community Support Center provided face-to-face instruc-
tions to each participant on how to use the urinary Na/K
ratio monitors; participants were also requested not to lend
the monitor to any other person. The monitors were returned
to the Community Support Center by mail, and data from
the monitors were uploaded to the ToMMo network.

HBP data collection

In this survey, participants were provided BP monitors
(HEM-7080IC; OMRON Healthcare Co., Ltd., Kyoto,
Japan) that were used at home for 10 consecutive days
during the same period of the urinary Na/K ratio measure-
ment. Participants personally measured HBP in the morning
after waking up and in the evening before going to sleep. In
the morning, participants were directed to take their HBP
within 1 h after waking up, after urination, and before taking
drugs and eating breakfast. In the evening, participants
measured HBP in a seated position before going to sleep.
After 10 days, participants returned the BP monitors to the
Community Support Center by mail. The BP monitor data
were uploaded to the ToMMo network. Since morning HBP
is standard when assessing and measuring hypertension, the
average morning HBP for ten days was used for all ana-
lyses. The information on treatment for hypertension was
obtained by a self-reported questionnaire. The participants
chose one option from the following responses: (a) under
treatment for hypertension, (b) discontinued hypertension
treatment, (c) undertaking lifestyle modification without
medication, (d) under observation without medication, or
(e) never been diagnosed with hypertension. Individuals
who answered (a) were classified as ‘under treatment’,
while those who responded with (b)–(e) were classified as
‘without treatment’. Home hypertension was defined as an
SBP ≥ 135 mmHg and/or a DBP ≥ 85 mmHg [13] or under
treatment for hypertension. As a subanalysis, we also cal-
culated the average of the morning and evening HBP
measurements as home hypertension.

Covariate factors

We included potential confounding factors such as age, sex,
body mass index (BMI), and drinking status. Age was
determined at the time of consent for the secondary survey.
Sex was self-identified using the information from the
consent form. BMI was calculated from the height and
weight obtained from the self-administered questionnaire.
BMI was calculated using the following formula: weight
(kg)/height (m2).

Drinking status (frequency and amount per day) was
determined by the self-administered questionnaire and was
classified into four categories: current-drinker, ex-drinker,
never-drinker, and cannot drink constitutionally. The type
of alcohol was classified into the following six categories:
sake, distilled spirits, shochu-based beverages, beer, whis-
key, and wine. The frequency of alcohol intake was clas-
sified into the following six categories: almost never,
1–3 days/month, 1–2 days/week, 3–4 days/week, 5–6 days/
week, or daily. The participants answered how much of
each type of alcohol they drank. Each type of alcohol intake
was multiplied by the frequency and amount, and converted
to the amount of ethanol. The amount of alcohol consumed
was classified into the following four categories: <23 g/day,
≥23 g/day, ex-drinker, and never-drinker. We determined
the cutoff value of the alcohol amount as 23 g because it is
the traditional Japanese unit of sake.

Calculations and statistical analysis

Another study reported that the urinary Na/K ratio from six
random casual urine samples on different days was well
correlated with the Na/K ratios from seven consecutive 24-h
urine samples [11]. Consequently, we used the average of
the morning and evening urinary Na/K ratios, not the
urinary Na/K ratio of the morning or evening, in this study.
The daily urinary Na/K ratio was calculated as the average
of the morning and evening urinary Na/K ratios. If the
urinary Na/K ratio was measured only once per day, the
value was adopted as the daily value.

In terms of baseline characteristics, we classified parti-
cipants’ average Na/K ratio on day 10 into quartiles. We
tested for trends in urinary Na/K ratios based on patient
characteristics, including age, sex, BMI, SBP, DBP, home
hypertension, smoking status, and drinking status. We
performed trend tests to evaluate the linear relationship
between the urinary Na/K ratio and the above variables. We
used a general linear model for age, BMI, SBP, and DBP as
continuous variables and a logistic regression model for sex,
home hypertension, smoking status, and drinking status as
categorical variables.

We calculated the mean of all previous days’ daily
measurements (up to the stated day) to determine the
influence of multiple measurements on the relationship
between the urinary Na/K ratio and home hypertension.

To examine the relationship between the urinary Na/K
ratio and home hypertension, we applied multiple logistic
regression models and calculated the adjusted odds ratio
(aOR) with a 95% confidence interval (CI). Adjusted odds
ratio P values for linear trends were calculated using the
quartiles of urinary Na/K ratios. We included potential
confounding factors such as age, sex, BMI, and drinking
status.
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To assess whether multiple measurements of urinary
Na/K ratios from casual urine increased the ability to predict
home hypertension, we calculated the area under the
receiver operating characteristic curve (AUROC) and the
95% CI.

We stratified the participants into two groups: ‘under
treatment’ (n= 841) and ‘without treatment’ (n= 2432) to
consider the influence of treatment status on hypertension.
We performed multiple logistic regression analysis and
calculated the AUROC for each group. In both analyses, we
included age, sex, BMI, and drinking status.

All analyses were performed using SAS version 9.4 for
Windows (SAS Inc., Cary, NC, USA).

Results

Overall, a total of 3273 participants fulfilled all criteria and
had their data included in the analyses.

Table 1 shows the baseline characteristics of participants
grouped by their average 10 days urinary Na/K ratio.

Although the difference in BMI between Q1 and Q2, Q4
was not very large, BMI was positively associated with the
urinary Na/K ratio (P for linear trend <0.001). Men, current
smokers, and drinkers (≥23 g/day) were more likely to have
an increased urinary Na/K ratio (P for linear trend <0.001).
However, age was inversely associated with the urinary
Na/K ratio (P for linear trend <0.001).

Figure 2 shows the relationship between the average
urinary Na/K ratio and home hypertension from 1 to
10 days. The urinary Na/K ratio was not associated with
home hypertension on days 1 or 2 (P for linear trend on 1
day= 0.293, P for linear trend on 2 days= 0.064). How-
ever, multiple measurements increased the robustness of the
relationship. Although we also calculated the average of
morning and evening HBP as home hypertension, our result
was essentially unchanged (data not shown).

Figure 3 shows the relationship between the average
urinary Na/K ratio and home hypertension from 1 to
10 days according to without treatment for hypertension.
The urinary Na/K ratio was positively associated with
home hypertension on 1 day in the without treatment

Table 1 Participants’ baseline
characteristics according to
urinary Na/K ratio

Urinary Na/K ratio over 10 days P for
linear trend

Q1 (<3.27) Q2 (3.27–4.09) Q3 (4.10–5.14) Q4 (≥5.15)

Number 816 812 822 823

Age (year) (mean ± SD) 64.5 ± 10.7 63.2 ± 12.2 61.2 ± 13.2 59.3 ± 13.3 <0.001

Sex (number, %)

Men 210 (25.7) 238 (29.3) 288 (35.0) 313 (38.0) <0.001

Women 606 (74.3) 574 (70.7) 534 (65.0) 510 (62.0) <0.001

BMI (mean ± SD) 22.5 ± 3.1 23.0 ± 3.3 23.3 ± 3.3 23.5 ± 3.5 <0.001

Urinary Na/K ratio
(median, IQR)

2.8 (2.4–3.0) 3.7 (3.5–3.9) 4.6 (4.3–4.8) 6.0 (5.5–6.8) –

SBP (mmHg) (mean ±
SD)

124.5 ± 15.9 126.2 ± 15.8 126.9 ± 16.4 129.4 ± 17.0 <0.001

DBP (mmHg) (mean ±
SD)

73.6 ± 9.5 74.2 ± 9.1 74.8 ± 9.8 77.6 ± 9.9 <0.001

Home hypertensiona

(number, %)
326 (40.0) 369 (45.4) 368 (44.8) 407 (49.5) <0.001

Smoking status (number, %)

Current-smoker 36 (4.4) 40 (4.9) 65 (7.9) 91 (11.1) <0.001

Ex-smoker 169 (20.7) 225 (27.7) 236 (28.7) 256 (31.1) <0.001

Non-smoker 607 (74.4) 541 (66.6) 517 (62.9) 474 (57.6) <0.001

Unknown 4 (0.5) 6 (0.7) 4 (0.5) 2 (0.2) –

Drinking status (number, %)

<23 g/day 220 (27.0) 238 (29.3) 250 (30.4) 242 (29.4) 0.235

≥23 g/day 99 (12.1) 136 (16.8) 166 (20.2) 225 (27.3) <0.001

Ex-drinker 25 (3.1) 24 (3.0) 12 (1.5) 12 (1.5) 0.007

Never-drinker 472 (57.8) 414 (51.0) 394 (47.9) 344 (41.8) <0.001

BMI body mass index, Na/K sodium potassium ratio, IQR interquartile range, SBP systolic blood pressure,
DBP diastolic blood pressure
aHome hypertension was defined as an SBP ≥ 135 mmHg and/or a DBP ≥ 85 mmHg or under treatment for
hypertension
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Fig. 2 Relationship between 1 and 10 days average urinary Na/K ratios and home hypertension. P values for linear trends were derived from
multiple logistic regression analysis. Error bars represent 95% confidence intervals

66 M. Kogure et al.



Fig. 3 Relationship between 1 day and 10 days average urinary Na/K ratios and home hypertension according to without treatment for hyper-
tension. P values for linear trends were derived from multiple logistic regression analysis. Error bars represent 95% confidence intervals
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group (P for linear trend= 0.038). Multiple measurements
increased the robustness of the relationship regardless of
hypertension treatment status. The average 10 days urin-
ary Na/K ratio was associated with a higher SBP
(regression coefficient of average 10 days urinary Na/K
ratio= 1.47, p < 0.001). This finding was independent of
age, sex, BMI, and alcohol intake (regression coefficients
for age, sex (ref. women), BMI, and alcohol intake were
0.44, −3.85, 1.39, and 0.06, respectively; all variables
were p < 0.001).

Figure 4 shows the prevalence of home hypertension per
unit increase in average urinary Na/K ratios from 1 to
10 days. Overall, the aOR increased from 1 to 5 days;
however, the aOR was stable after 6 days (range of
1.13–1.15). In the without treatment group and the under
treatment for hypertension group, the aOR increased until
4–6 days. However, the aOR was stable after 5–7 days.

Table 2 shows the AUROC for multiple measurements of
the urinary Na/K ratio to predict home hypertension.
Overall, the AUROC of the urinary Na/K ratio measure-
ment for home hypertension increased until reaching
3–5 days’ worth of measurements. However, the AUROC
was stable after 5 days (AUROC= 0.779). In the under
treatment group, the AUROC of the urinary Na/K ratio
measurements for home hypertension fluctuated between
0.600 and 0.606 after 3 days. In the without treatment
group, the AUROC of the urinary Na/K ratio measurements
for home hypertension increased until 7 days of measure-
ment. However, the AUROC was stable after 8 days
(AUROC= 0.742–0.743).

Discussion

We investigated whether multiple measurements of the
urinary Na/K ratio in casual urine strengthened the rela-
tionship between the urinary Na/K ratio and home hyper-
tension to a greater extent than a single measurement of the
casual urinary Na/K ratio during the same period. The
urinary Na/K ratio measured using the self-monitoring
device was not associated with increased home hyperten-
sion based on the 1 or 2 days of measurements. However,
the urinary Na/K ratio was positively associated with home
hypertension after 3 days of measurement. In addition,
the AUROC of the urinary Na/K ratio measurement for
home hypertension increased until 5 days of measurement.
Furthermore, the AUROC of the urinary Na/K ratio mea-
surement for hypertension was stable after 5 days.

Previous reports have shown a positive association
between 24-h urinary Na/K ratios and BP or hypertension
[2, 14–16]. Another study reported that an estimated 24-h
urinary Na/K ratio from repeated casual urine samples
collected yearly within 5 years was positively associated
with blood pressure [12]. However, this study is the first to
show that the mean urinary Na/K ratio measured during 10
consecutive days by a self-monitoring device was asso-
ciated with home hypertension in the general population.

A previous study compared the urinary Na/K ratio of six
random casual urine catches on different days to the average
urinary Na/K ratio from seven consecutive days of 24-h
urine samples. The correlation coefficients of each con-
secutive day between the average urinary Na/K ratio of
random casual urine for up to 7 days and the average
urinary Na/K ratio for 7 consecutive days of 24-h urine
were 0.51, 0.64, 0.71, 0.82, 0.85, 0.87, and 0.87, respec-
tively [11], i.e., the correlation coefficient increased up to
5 days and then remained stable at approximately 0.87.
Another study reported that multiple measurements of urine
samples have been required because 24-h urine sample
which was a single urine sample could not predict sodium

1       2       3       4       5       6        7       8       9      10         
0.00

n=3,273

1        2       3      4       5        6       7       8       9     10         
0.00

n=841

1        2       3       4       5       6       7       8       9       10         
0.00

n=2,432

Fig. 4 The prevalence of home hypertension per unit increase in
average urinary Na/K ratios from 1 to 10 days (above: overall, middle:
under treatment for hypertension, below: without treatment for
hypertension). Error bars represent 95% confidence intervals
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and potassium [17, 18]. Our results were consistent with
those of this previous study. Together, these findings sup-
port the importance of using multiple measurements for the
urinary Na/K ratio when using self-monitoring devices.
Specifically, our results recommend taking measurements
on multiple days (more than 5–6 days if possible) to obtain
optimal accuracy.

In the without treatment group, the relationship between
the average urinary Na/K ratio from 1 to 10 days of mea-
surement and home hypertension was more apparent than
the relationship in the under treatment group. The partici-
pants under treatment may receive instruction regarding
lifestyle modification from health care staff, such as a doctor
or public nurse. Participants with high BP in particular
might have been recommended to reduce their sodium
intake and increase their potassium intake (lower Na/K
ratio). However, even in the under treatment group, the
urinary Na/K ratio was positively associated with home
hypertension after 2 days (four individual measurements).
Thus, we considered that multiple measurements of the
urinary Na/K ratio are useful for evaluating home hyper-
tension, even for individuals who are under treatment. On
the other hand, the aOR for home hypertension in the
highest quartile of the urinary Na/K ratio was approximately
twice as high as the aOR for home hypertension in the
lowest quartile of the urinary Na/K ratio after 5 days (10
individual measurements) in the without treatment group.
Therefore, we considered that a high urinary Na/K ratio is a
very strong risk factor for hypertension among participants
who are not using antihypertensive medication.

The present study had several strengths. First, this is the
first report to explore the relationship between multiple
measurements of urinary Na/K ratios obtained through a

self-monitoring device and home hypertension. Previous
studies have reported that HBP strongly predicts the risk of
stroke when compared to casually measured BP [19]. This
better prediction might be due to the lack of the white coat
effect or the ability to obtain multiple measurements. In
addition, the compliance of participants using urinary Na/K
ratio monitors was high. Of the 4733 men and women who
agreed to participate in this study, 3763 (79.5%) measured
the Na/K ratio for all 10 days. However, participants who
measured their urinary Na/K ratio every day might be
inherently more conscientious of their lifestyle than the
general population. In fact, in our study, participants who
took measurements for the full 10 days had a lower mean
Na/K ratio (4.38) than the mean Na/K ratio of participants
who had to be excluded from the study due to incomplete
data (4.85). Finally, our study included various confounding
factors.

Our study has some limitations. First, it is difficult to
confirm causality since this study had a cross-sectional
design. Considering that participants with high BP would be
unlikely to increase their Na consumption, we considered
that lifestyle modifications for high BP would lead to an
underestimated relationship between a high Na/K ratio and
home hypertension. Second, we could not assess anti-
hypertensive drug status since we have not yet digitized all
drug information. However, the treatment status for
hypertension was assessed. If we could have evaluated the
intake of specific antihypertensive drugs, our findings
regarding the effect of the urinary Na/K ratio on home
hypertension would likely have been more robust. In the
future, we will include the hypertension treatment status in
this study. Finally, we did not directly assess whether the
predictive power of the long-term casual urinary Na/K ratio

Table 2 Area under the ROC
curve for multiple measurements
of urinary Na/K ratios to predict
home hypertension

Area under the ROC curve (95% CI)a

Overall Under treatment Without treatment

(n= 3,273) (n= 841) (n= 2432)

Measurement day

1 0.777 (0.762–0.793) 0.597 (0.558–0.635) 0.739 (0.717–0.761)

2 0.778 (0.763–0.794) 0.599 (0.561–0.637) 0.740 (0.718–0.761)

3 0.778 (0.762–0.794) 0.604 (0.565–0.642) 0.741 (0.719–0.762)

4 0.778 (0.763–0.794) 0.600 (0.562–0.639) 0.741 (0.720–0.763)

5 0.779 (0.763–0.794) 0.603 (0.565–0.642) 0.741 (0.720–0.763)

6 0.779 (0.763–0.794) 0.606 (0.567–0.644) 0.742 (0.721–0.764)

7 0.779 (0.763–0.795) 0.603 (0.565–0.642) 0.743 (0.722–0.765)

8 0.779 (0.763–0.795) 0.600 (0.562–0.639) 0.743 (0.721–0.764)

9 0.779 (0.763–0.794) 0.603 (0.565–0.641) 0.742 (0.720–0.763)

10 0.779 (0.764–0.795) 0.604 (0.566–0.643) 0.743 (0.722–0.765)

Na/K sodium potassium ratio, CI confidence interval, ROC receiver operating characteristic curve
aAdjusted for age (continuous variable), sex, BMI (continuous variable), and drinking status (<23 g/day,
≥23 g/day, ex-drinker, never-drinker)
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might be equivalent to that of a 1 day 24-h urinary Na/K
ratio. However, a previous study reported that the casual
urinary Na/K ratio of six random days was strongly corre-
lated with the average urinary Na/K ratio from seven con-
secutive days of 24-h urine samples [11]. Thus, we believe
that our findings are applicable.

In conclusion, multiple measurements of the urinary
Na/K ratio were strongly related to home hypertension
regardless of the treatment status for hypertension. We
suggest that multiple measurements of the urinary Na/K
ratio are desirable for assessing home hypertension because
long-term measurements of the urinary Na/K ratio might
reflect participants’ dietary balance of the Na/K ratio. We
believe that noninvasive self-monitoring devices for the
urinary Na/K ratio are effective tools to estimate the risk of
hypertension and to evaluate the effect of salt-intake
restriction in clinical settings or in the public health field.
Thus, we expect that self-monitoring devices will facilitate
the management and prevention of hypertension in the
future.
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