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Abstract

High sodium intake is a simple modifiable risk factor for hypertension. Although not confirmed, lower socioeconomic status
may be a factor that increases sodium intake. We aimed to clarify the association between socioeconomic status and urinary
sodium-to-potassium ratio by cross-sectional and longitudinal analyses. The study included 9410 community residents. Spot
urine sodium-to-potassium ratios were measured twice with a 5-year interval. Socioeconomic status was investigated using a
self-administered questionnaire. Cross-sectional analysis revealed that educational attainment was inversely associated with
urinary sodium-to-potassium ratio (years of education<9: 3.0+ 1.8,<12: 29+1.6,213: 2.8+ 1.6; P<0.001), whereas no
significant association was observed with household income. Men, particularly individuals living alone, exhibited markedly high
sodium-to-potassium ratios (3.6 +2.3). Although frequent intake of vegetables, fruits, and dairy products was also inversely
associated with the ratio, the associations with educational attainment ( < 9: reference, < 12: f= —0.032, P=0.026,> 13: =
—0.059, P<0.001), marital status (f#=-0.040, P<0.001), and sex*marital status interaction (f=0.054,
P =0.001) were independent of these covariates. Educational attainment was also inversely associated with differences in
the urinary sodium-to-potassium ratio during the follow-up period (odds ratio, 0.70; P <0.001). Lower educational attainment
was an independent determinant for urinary sodium-to-potassium ratio. Health literacy education, particularly in men living
alone, may be a factor for reducing salt intake even in high-income countries where equal educational opportunity is assured.
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Introduction hypertension, as described previously, i.e., a positive asso-
ciation exists between urinary sodium excretion and blood
pressure (BP) levels [1-3], particularly in individuals con-
suming high-sodium diets [4], as well as in the BP-lowering
effect of sodium restriction interventions [5, 6]. Further,
high sodium intake itself was suggested to increase the risk
for cardiovascular events [7] and mortality [8], indepen-
dently of BP levels. Therefore, determining factors that
influence sodium intake may be helpful in preventing

hypertension.

Hypertension is a leading cause of cardiovascular events.
High sodium intake is a simple modifiable risk factor for
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In addition to dietary factors, socioeconomic status
(SES), namely, lower educational level and income, has
been associated with higher sodium intake in various
populations [9], including individuals in East Asian coun-
tries [10, 11] and Japan [12, 13], where the daily con-
sumption of salt was higher than that in other high-income
countries [14]. However, many of these studies investigated
sodium intake using a questionnaire or by 24-h dietary
recall, which may be less accurate than actual
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measurements. Furthermore, it is unclear whether SES
influences sodium intake persistently beyond the intraindi-
vidual variations in sodium intake, although a nationwide
study in Great Britain reported continued disparities in salt
intake by SES even after the overall intake of salt declined
by 0.9 g as a result of a national salt reduction program [15].

Daily salt intake can be most reliably estimated by
measuring 24-h urinary sodium excretion. However, 24-h
urine collection is inconvenient for participants and cannot
be easily adapted for large-scale cohort studies. The
sodium-to-potassium ratio (Na/K) of a urine sample is
another index of salt loading. Given that the potassium
excretion level is inversely associated with BP [4], the
combined effect of lower potassium and higher sodium
levels on BP appears to be greater than either alone [16, 17],
as does the estimated daily salt intake by the Kawasaki [18]
or Tanaka [19] formulas [2].

We aimed to clarify the associations between SES and
urinary Na/K by cross-sectional and longitudinal settings
using a dataset of the Nagahama Prospective Cohort for
Comprehensive Human Bioscience (the Nagahama Study),
a general population-based cohort study in Japan, where
SES has not received as much attention as in Western
countries, possibly because of equal educational opportu-
nities in Japan [20].

Methods
Study participants

We analyzed the second visit dataset (follow-up measure-
ment) describing participants in the Nagahama Study. Par-
ticipants were recruited between 2008 and 2010 from the
general population of Nagahama City, a rural city inhabited
by 125,000 people located in central Japan. Community
residents aged 30-74 years, living independently without
any physical impairment or dysfunction, were eligible. Of
the 9804 included participants, 14 withdrew consent and 26
were excluded because their genetic analysis demonstrated
a different ethnic background. Among the remaining base-
line population (n = 9764), 8289 participated in the second
health survey performed 5 years after the baseline evalua-
tion (2013-2015). By further recruiting 1561 participants
meeting the inclusion criteria, the second visit dataset of the
Nagahama Study comprised 9850 participants.

Individuals who were excluded from the analysis inclu-
ded women whose urinary Na and K levels were not
measured because of menstruation (n =373) or pregnancy
(n =9), individuals receiving hemodialysis therapy (n = 6),
individuals with severe renal functional decline (estimated
glomerular filtration rate [eGFR] < 30 ml/min/1.73 m’ n=
16), and individuals with incomplete clinical values or
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responses to the questionnaire administered (n =36). In
total, 9410 participants were ultimately included in the
analysis.

All study procedures were approved by the ethics com-
mittee of the Kyoto University Graduate School of Medi-
cine and the Nagahama Municipal Review Board. Written
informed consent was obtained from all the participants.

Longitudinal analysis

Among 9410 participants, 7929 participated in the first visit
(baseline) measurement between 2008 and 2010, with a
5-year interval between the two measurements. Individuals
who met the same criteria (n = 7603) were included in the
longitudinal analysis.

BP measurement

BP was measured after few minutes of resting in a sitting
position using a standard cuff-oscillometric device (HEM-
9000AI, Omron healthcare, Kyoto, Japan). BP was mea-
sured twice and the mean values were used for the analysis.
Hypertension was defined as systolic BP >140 mm Hg,
diastolic BP>90mm Hg, and/or prescribed anti-
hypertensive drugs.

Spot urine sample

Spot urine samples were collected at the first visit
(0900-1700 h) and the second visit (0800— 400 h); urinary
Na, K, and creatinine (Cr) levels were measured on each
day of sampling. Time since the last meal was recorded for
each participant.

Estimation of daily salt intake

Daily salt intake was estimated from spot urine Na and Cr values
using the following formula [19]: 21.98 x {Na (mEq/1) x predicted
24-h Cr excretion/[Cr (mg/dl) x 10]}°*? x 0.0585, where 24-h Cr
excretion was predicted using the following formula: body weight
(kg) x 14.89 4 body height (cm) x 16.14—age x 2.04—2444.45.

Frequency of food consumption

Intake frequency of vegetables, fruits, and dairy products
was queried using a self-administered questionnaire
with the following choices: none, 1-3 times per month, 1 or
2 times per week, 3 or 4 times per week, 5 or 6 times per
week, once daily, twice daily, or three or more times daily,
and expressed as times per week consumed. Vegetable
choices included cabbage, pumpkin, carrots, broccoli, green
and yellow vegetables (e.g., spinach, and colza), and other
green and yellow vegetables (e.g., bell pepper and common
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beans). Fruit choices included citrus fruits (e.g., oranges and
grapefruit) and other fruits (e.g., strawberries, kiwi, apples,
and watermelons). Dairy product choices included milk and
yogurt.

Basic clinical parameters

Basic clinical parameters (including plasma markers) used
in this study were obtained at the first and the second visits.
Renal function was assessed by eGFR, calculated using the
following formula: 194 x Cr %% x age %7 % 0.739 [if
female] [21]. Years of education, household income, family
members, and medication history were assessed using a
structured self-administered questionnaire. Nine education
years corresponded to a junior high school graduate,
whereas 12 education years corresponded to a high school
graduate.

Statistical analysis

Group differences in numeric variables were assessed using
analysis of variance, whereas frequency differences were
assessed using the chi-squared test. Factors independently
associated with urinary electrolytes were analyzed using a
linear regression or a logistic regression model. Statistical
analyses were performed using the JMP version
13.1.0 software (SAS Institute, Cary, NC, USA). P<0.05
was considered statistically significant.

Results

Clinical characteristics of the study participants are pre-
sented in Table 1. Spot urine Na/K was slightly lower at
follow-up (—0.33 +2.15), possibly because of a higher
frequency of fasting individuals (2 12 h; follow-up: 79.2%,
baseline: 47.1%). A national trend toward decreasing salt
intake, as well as increased frequency of participants taking
antihypertensive drugs, which may enhance consciousness
of salt restriction, might be another reason.

Associations between socioeconomic factors and
spot urine Na/K

Differences in urinary Na/K based on educational
attainment are indicated in Fig. 1. Urinary Na/K was
inversely associated with years of education in both
crude analysis (Fig. la) and major covariate-adjusted
analysis (Fig. 1b). Although several factors differed
significantly based on years of education (Table 2),
educational attainment was identified as a significant
inverse determinant for urinary Na/K after adjustment for
the covariates, including brachial BP and use of
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Table 1 Clinical characteristics of the study participants
Cross-sectional Longitudinal analysis
analysis N= N=7603
9410
Follow-up Follow-up  Basline
(second visit)  (second (first visit)
visit)
Age (years) 58.6+12.2 60.1+12.6 55.1+12.6
Sex (men, %) 33.7 34.3
BMI (kg/m?) 22.3+3.3 223+33  224+32
Family members () 2.8+1.7 2.8+1.8
Live-in spouse (%) 85.0 84.4
Years of education 126 +2.3 123+23
(years)
Household income
(million yen, n)
<2 1455 1289
<4 3352 2928
<6 2271 1776
<8 1095 758
<10 691 490
>10 546 362
Food consumption (times/
week)
Vegetables 2.1+1.6 2.1+£1.6
Fruits 1.9+£2.2 1.9+23
Dairy products 3.1+28 3.1+28
Blood pressure
Systolic (mm Hg) 125+ 18 126 18 124 £ 17
Diastolic (mm Hg) 72+11 72+ 11 76+ 11
Medication (%) 24.2 26.5 18.3
Hypertension (%) 36.1 38.6 325
Renal function
Serum Cr (mg/dl) 0.70+£0.16 0.70+£0.16 0.70+0.16
eGFR (ml/min/ 76.6 +14.3 763x14.5 783x152
1.73 m?)
Urinary markers
Cr (mg/dl) 100+ 67 100 + 68 89+63
Na (mEq/l) 125 +57 124 57 12761
Na/Cr 1.64 £0.96 1.65+0.98 1.86+0.99
K(mEqg/l) 53+30 53+31 49 +31
K/Cr 0.61+0.26 0.62+0.27 0.64+0.26
Na/K 2.90 = 1.66 2.86+1.65 3.20+1.86

BMI body mass index, eGFR estimated glomerular filtration rate

Values are expressed as mean + standard deviation. The study was
based on a dataset obtained at the second visit (follow-up
measurement), and a retrospective analysis was performed using
a dataset at the first visit performed 5 years before. Mean frequency
of consumption of the following food was obtained using a
structured questionnaire; vegetables: squash, carrots, broccoli, and
green vegetables; fruits: citrus fruits and other fruits; dairy
products: milk and yogurt. Hypertension was defined as systolic
BP>140mm Hg, diastolic BP>90mm Hg, and/or prescribed
antihypertensive drugs
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Fig. 1 Differences in urinary Na/ A B

K at the follow-up measurement 36 o F <0001 36 -

based on educational attainment
and presence of a live-in spouse.
Values are crude or adjusted
means. Numbers of study
participants in each subgroup are
indicated in the column.
Statistical significance was
assessed by (a) analysis of
variance; (b, d) linear regression
model adjusted for age, sex, and
body mass index; and (c) two-
way analysis of variance
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antihypertensive drugs (Table 3). When regression ana-
lysis was performed separately by antihypertensive
medication status, the inverse association was significant
only in individuals not taking drugs (=13 years: f=
—0.067, P=0.001,<12 years: f=—0.026, P=0.152),
but not in the treated hypertensives (=13 years: =
—0.025, P=0.332,<12 years: f=—0.028, P=0.121).
In this regression model, frequent intake of vegetables,
fruits, and dairy products was also identified as an
independent inverse determinant, whereas no significant
association was observed with household income.

In the separate analysis for Na and K (Table 3), educa-
tional attainment exhibited an opposite association with Na/
Cr and K/Cr. Other factors, namely, body mass index (BMI)
and food consumption also exhibited the opposite associa-
tion. The results of the regression analysis were thus clearer
in the analysis for Na/K than for the separate components.

Absence of a live-in spouse was another factor that
was strongly associated with urinary Na/K in men, but
not in women (Fig. 1c and 1d) possibly because of the
positive association with the K/Cr level (Table 3).
The results of the multivariate model (Table 3) identified
the absence of a live-in spouse and its interaction with
sex as a significant determinant for Na/K independent of
the major covariates, including food consumption
frequency.

Association of educational attainment with
estimated daily salt intake

Mean estimated daily salt intake at the follow-up investi-
gation was 9.3 £2.1 g. Regression analysis adjusted for the
same covariates listed in Table 3 failed to identify educa-
tional attainment as a significant determinant for the esti-
mated daily salt intake (213 years: f=—-0.012, P=
0.425, <12 years: f=0.009, P = 0.546).
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Associations among social factors, urinary Na/K, and
BP

Spot urine Na/K was positively associated with systolic
(#=0.162, P<0.001) and diastolic BP (f=0.117, P<
0.001), even in an analysis adjusted for the major covari-
ates, including age, sex, BMI, eGFR, antihypertensive
medication, and fasting time. The odds ratio of one unit
increase in Na/K for hypertension was 1.18 (95% CI, 1.15
—1.22, P<0.001) in the adjusted analysis. However, edu-
cational attainment (Table 2) and marital status (systolic:
P =0.295, diastolic: P=0.114) were not directly asso-
ciated with hypertension.

Changes in spot urine Na/K and educational
attainment

When years of education obtained at the follow-up mea-
surement was extrapolated to the baseline, the inverse
association between educational attainment and urinary Na/
K was replicated in the baseline dataset (age, sex, BMI,
eGFR, and fasting time-adjusted model: <12 years: =
—0.046, P=0.002,213 years: f=—0.118, P<0.001).
Furthermore, educational attainment exhibited a significant
inverse association with the differences in urinary Na/K
during the follow-up period (Fig. 2), irrespective of the
strong inverse association between baseline Na/K and the
differences in follow-up Na/K (r = —0.668, P <0.001).

Discussion

In this large general population-based study, we determined
that lower educational attainment was an independent
positive determinant for spot urine Na/K even in a country
where at least 9 years of education is compulsory and where
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Table 2 Differences in clinical

.. Years of education Statistics
characteristics at the follow-up
investigation based on years of <9 <12 >13 Crude Adjusted
education
(1632) (4087) (3691) P p P
Age (years) 69.0+7.7 59.1+11.5 534=+11.5 <0.001
Sex (men, %) 32.5 31.9 36.1 <0.001
BMI (kg/m?) 225+32  223+34 222+33  0.004
Systolic BP (mm Hg) 131+17 125+ 18 122 +18 <0.001 —0.023 0.021
Diastolic BP (mm Hg) 72+ 10 72x11 72+11 0.048 0.011 0.279
Antihypertensive 41.7 23.7 17.0 <0.001 — 0.096
medication (%)
Hypertension (%) 559 36.3 27.1 <0.001 — 0.089
eGFR (ml/min/1.73 m?) 723+142 763x139 788+143 <0.001 —0.050 <0.001
Food consumption Vegetables 2.1+1.7 20+1.6 2.1+1.6 <0.001 0.137 <0.001
(times/week)
Fruits 2.1%22 1.8+2.3 1.8+2.0 <0.001 0.114 <0.001
Dairy 30+238 3.0+27 32+29 <0.001 0.131 <0.001
products

Values are mean =+ standard deviation or a frequency at the follow-up investigation. Hypertension was
defined as systolic BP > 140 mm Hg, diastolic BP 290 mm Hg, and/or prescribed antihypertensive drugs.
Statistical significance was assessed using analysis of variance or the chi-squared test. Age-, sex-, and BMI-
adjusted standardized coefficients (), and p-values were obtained using a linear or a logistic regression
model that included years of education as a numeric variable

the majority of the nation completes 12 years of school [20].
Older individuals are less likely to have attained higher
educational levels, and the results of our previous descrip-
tive epidemiology indicated an inverse association between
age and urinary Na/K [2]. However, the association
between educational attainment and Na/K was independent
of age, suggesting the importance of health literacy educa-
tion in addition to general education to maintain satisfactory
salt intake.

We analyzed a spot urine Na/K that was susceptible to
clinical and environmental factors, such as renal function
and fasting conditions, as shown in our previous report [2].
However, the inverse association between education
attainment and urinary Na/K was independent of these
covariates and was replicated in the analysis using the
baseline dataset. Furthermore, we also demonstrated
an inverse association between educational attainment and
S-year longitudinal changes in Na/K, irrespective of the
strong confounding of the regression to the mean effect, i.e.,
if the Na/K is high upon first measurement, it will tend to be
closer to the average upon second measurement without any
intervention. These results indicated that the present find-
ings are not just an epiphenomenon caused by confounding
of other relevant clinical factors and that the findings may
represent the persistent effect of educational attainment on
salt intake.

The inverse association between education attainment
and urinary Na/K was also independent of brachial BP and

antihypertensive medication. As several antihypertensive
drugs such as diuretics and blockers of renin—angiotensin
system might influence urinary Na/K, we further performed
a separate analysis and found the inverse association only in
individuals not taking antihypertensive drugs. However,
this result should be carefully considered because the trea-
ted individuals were older and thus more likely to have
fewer years of education. The results of the regression
analysis in the treated individuals might be therefore
somewhat underestimated. Another reason for the possible
underestimation might be insufficient statistical power due
to the relatively small number of participants taking anti-
hypertensive drugs. Further studies in hypertensive patients
are needed to clarify this issue.

A clear association was not observed between educa-
tional attainment and estimated daily salt intake. As years of
education was inversely associated with Na/Cr and posi-
tively associated with K/Cr, Na/K might be a more sus-
ceptible marker of salt loading in relation to the educational
attainment. Inaccuracy in estimation of salt intake might be
another reason.

Consumption of foods containing large amounts of
potassium, namely, vegetables, fruits, and dairy products,
was inversely associated with urinary Na/K, similar to
previous findings [22] even in the analysis based on fre-
quency data rather than amount data. Interestingly, con-
sumption of these foods was also associated with
educational attainment independent of the major covariates.

SPRINGER NATURE
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Table 3 Multiple linear regression analysis for urinary Na/K, Na/Cr, and K/Cr at the follow-up investigation

Na/K Na/Cr K/Cr
Coefficient P Coefficient P Coefficient P
us S UsS S usS S
Age (years) —0.008 —0.060 <0.001 0.016 0.205 <0.001  0.007 0.347 <0.001
Sex (women) —0.253 —0.072 <0.001 0.415 0.205 <0.001 0.188 0.339 <0.001
Live-in spouse —0.094 —0.040 <0.001 0.013 0.010 0.360 0.013 0.035 0.001
Sex* live-in spouse 0.190 0.054 0.001 0.044 0.022 0.170 —0.013 —0.023 0.138
BMI (kg/m?) 0.016 0.031 0.003 0.007 0.026 0.012 —0.001 —-0.016 0.113
Fasting time (h) —0.044 —0.108 <0.001 —0.027 —0.117 <0.001 —0.002 —0.027  0.003
Systolic BP (mm Hg) 0.019 0.204 <0.001 0.009 0.169 <0.001 —0.001 —0.036  0.001
Antihypertensive medication 0.043 0.011 0.310 —-0.014 —0.006 0.559 —0.022 —0.037 <0.001
¢GFR (ml/min/1.73 m?) 0.018 0.156 <0.001 0.018 0.274 <0.001  0.003 0.185 <0.001
Food consumption (times/week)
Vegetables Ql Reference Reference Reference
Q2 <0.001 <0.001 0.988 0.001 0.001 0.933 —0.002 —0.007 0.568
Q3 —0.063 —0.033 0.012 —0.005 —0.005 0.710 0.008 0.027 0.026
Q4 —0.120 —0.064 <0.001 —-0.019 —0.018 0.181 0.018 0.062 <0.001
Fruits Ql Reference Reference Reference
Q2 —0.035 —0.018 0.189 —0.009 —0.008 0.565 0.002 0.005 0.704
Q3 —0.050 —0.028  0.060 —0.001 —0.001  0.960 0.009 0.031 0.030
Q4 —0.123 —0.065 <0.0001 —0.037 —0.033  0.024 0.010 0.034 0.020
Dairy products Ql Reference Reference Reference
Q2 —0.071 —0.037  0.003 —0.018 —-0.017 0.170 0.007 0.025 0.036
Q3 —-0.220 —0.114 <0.001 —0.042 —0.038  0.002 0.023 0.074 <0.001
Q4 —-0.292 —0.159 <0.001 —0.047 —0.045 0.001 0.035 0.121 <0.001
Household income
(million yen)
<2 Reference Reference Reference
<4 0.011 0.006 0.661 0.010 0.010 0.468 0.004 0.013 0.346
<6 —0.019 —0.010 0.512 0.003 0.002 0.864 0.006 0.019 0.156
<8 —0.002 —0.001 0.954 —0.007 —0.005 0.696 —0.003 —0.007 0.586
<10 —0.028 —0.009 0453 0.004 0.002 0.862 0.004 0.009 0.431
>10 0.032 0.009 0.442 0.020 0.010 0.389 0.002 0.004 0.741
Years of education (years)
<9 Reference Reference Reference
<12 —0.054 —0.032 0.026 —0.024 —0.025 0.079 0.004 0.015 0.288
>13 —0.101 —0.059 <0.001 —0.046 —0.047  0.002 0.007 0.026 0.077

US unstandardized, S standardized, BMI body mass index, BP blood pressure, eGFR estimated glomerular filtration rate

Statistical analysis was performed using a dataset at the follow-up investigation. Quartiles of food consumption was calculated within sex and then
combined to avoid potential sex differences

Educational attainment may be associated with urinary Na/
K by directly influencing sodium intake and indirectly
modulating dietary habits.

Several studies have investigated differences in salt
intake based on marital status. A population-based study in
Italy [23] as well as a nationwide study in Japan [13]
reported significantly lower sodium intake in individuals
living alone, though a British study reported a lack of
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association [24]. In our study, we found higher urinary Na/
K in men, particularly in those without a live-in spouse. An
explanation for the inconsistent results may be that using
Na/K as an index of salt intake in this study was different
compared with previous studies, which estimated sodium
intake by urinary Na level. The results of our regression
analysis that demonstrated a positive association between
marital status and K/Cr, but not Na/K support this
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Fig. 2 Odds ratio for the highest quartiles of changes in urinary Na/K
between baseline and follow-up values are adjusted odds ratios and
95% confidence intervals. Adjusted factors were sex, fasting time at
the follow-up investigation, and the following parameters at baseline:
age, body mass index, systolic blood pressure, use of antihypertensive
drugs, fasting time, and urinary Na/K. Statistical significance was
assessed by the logistic regression model. The number of study par-
ticipants in each subgroup is indicated in parentheses

consideration. Given the present findings, as well as a
known relevant association between lower potassium intake
and hypertension, living alone may be an overlooked risk
factor for hypertension when salt intake is assessed by
urinary Na alone. However, we did not consider occupa-
tional status or type of job, which has been previously
suggested as a reason for higher salt intake [10, 23, 24]. As
solitary eating has also been suggested as a factor for
unfavorable eating behavior [25], further investigations
considering these cofounding factors will help clarify rea-
sons for the differences in urinary Na/K based on sex and
marital status and provide a hint for reducing salt intake in
men.

In contrast, no significant association was observed
based on household income. Although the reasons for
inconsistency are unclear, previous studies reported lower
salt intake [12] and higher potassium intake [26] in indi-
viduals with higher incomes. A possible reason may be
the difference in study settings, i.e., the present study is
based on individuals who live in a specific geographic
area. A large study including various populations may
identify an inequality of urinary Na/K based on household
income.

An advantage of this study is the large population size
with repeated measurements of urinary Na/K after 5 years.

This clarifies the persistent association between educational
attainment and urinary Na/K. There are several limitations
that require mentioning. First, spot urine samples may not
always represent the daily salt intake of the study partici-
pants. Second, several samples were obtained under non-
fasting conditions, although a previous study reported a
diurnal variation in urinary Na/K [27]. We therefore
adjusted the fasting time in the regression analyses. Third,
we investigated socioeconomic factors using a ques-
tionnaire, which may contain potential misclassification.
However, any misreporting occurs independently of the
urinary Na/K and thus will not cause serious bias. Fourth,
we did not consider changes in SES during the follow-up
period in the longitudinal analysis, although there might be
some changes in the household income and family mem-
bers, changes in educational attainment are unlikely. There
may be confounding of potential changes in SES, particu-
larly changes in the family members, in the results of the
longitudinal analysis.

In conclusion, we clarified that lower educational attain-
ment was independently associated with spot urine Na/K. The
present results support the importance of health literacy
education, particularly in men without a spouse, even in high-
income countries where educational opportunity is assured.
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