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ABSTRACT
Objectives: To evaluate the impact of dietary sodium
and potassium (Na–K) ratio on mortality from total and
subtypes of stroke, cardiovascular disease (CVD) and
all causes, using 24-year follow-up data of a
representative sample of the Japanese population.
Setting: Prospective cohort study.
Participants: In the 1980 National Cardiovascular
Survey, participants were followed for 24 years
(NIPPON DATA80, National Integrated Project for
Prospective Observation of Non-communicable Disease
And its Trends in the Aged). Men and women aged
30–79 years without hypertensive treatment, history of
stroke or acute myocardial infarction (n=8283) were
divided into quintiles according to dietary Na–K ratio
assessed by a 3-day weighing dietary record at
baseline. Age-adjusted and multivariable-adjusted HRs
were calculated using the Mantel-Haenszel method and
Cox proportional hazards model.
Primary outcome measures: Mortality from total
and subtypes of stroke, CVD and all causes.
Results: A total of 1938 deaths from all causes were
observed over 176 926 person-years. Na–K ratio was
significantly and non-linearly related to mortality from
all stroke (p=0.002), CVD (p=0.005) and total mortality
(p=0.001). For stroke subtypes, mortality from
haemorrhagic stroke was positively related to Na–K
ratio (p=0.024). Similar relationships were observed
for men and women. The observed relationships
remained significant after adjustment for other risk
factors. Quadratic non-linear multivariable-adjusted
HRs (95% CI) in the highest quintile versus the lowest
quintile of Na–K ratio were 1.42 (1.07 to 1.90) for
ischaemic stroke, 1.57 (1.05 to 2.34) for haemorrhagic
stroke, 1.43 (1.17 to 1.76) for all stroke, 1.39 (1.20 to
1.61) for CVD and 1.16 (1.06 to 1.27) for all-cause
mortality.
Conclusions: Dietary Na–K ratio assessed by a 3-day
weighing dietary record was a significant risk factor for
mortality from haemorrhagic stroke, all stroke, CVD
and all causes among a Japanese population.

INTRODUCTION
Dietary sodium and potassium intake have
been found to be related to hypertension,1

and moderate dietary salt reduction causes
significant reductions in blood pressure
(BP),2 reducing the risk of cardiovascular
disease (CVD). Also, increase in potassium
intake has been shown to reduce BP.3

The Japanese diet has been characterised
by high sodium intake. In 1975, the average
sodium intake was 240 mmol (5520 mg) per
day and although it has markedly decreased
over the years, it still remains high at around
175 mmol (4025 mg) per day in 2010.4 In
addition, a low intake of potassium has been
reported in Japan, contributing to a high
sodium-to-potassium (Na–K) ratio.5 6 The
effects of high sodium and low potassium
intake on BP levels are synergic, and thus the
Na–K ratio may be a strong indicator for risk
of CVD mortality.7–9 Recent reports from the

Strengths and limitations of this study

▪ Studies on the relationships of dietary
sodium-to-potassium (Na–K) ratio with stroke or
cardiovascular disease (CVD) mortality have
been sparse.

▪ This report showed that a higher dietary Na–K
ratio was associated with higher mortality risk
from stroke, CVD and all causes, in a representa-
tive sample of the Japanese population.

▪ Strengths include the use of a 3-day weighing
dietary record method from the National
Nutritional Survey data, in assessing Na–K ratio.

▪ A limitation is that dietary habits and CVD risk
factors were assessed only once at the baseline
survey, and their changes during the follow-up
period were not accounted for.
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USA have addressed the significant relationship of
dietary Na–K ratio with CVD and ischaemic heart
disease.10–12 These relationships, as well as the relation-
ship of Na–K ratio with stroke, should be investigated in
Japan. This is important as mortality from stroke in
Japan is higher than that of ischaemic heart disease.
Furthermore, Japanese diets are considerably different
from those in Western countries; for example, they are
higher in sodium and lower in potassium intake, as well
as higher in fish and lower in fat consumption.13

In this study, we combined the follow-up data of parti-
cipants in the National Cardiovascular Survey Japan
(NCSJ) and the dietary estimates from the National
Nutrition Survey (NNS), in which a 3-day weighing
dietary records was carried out for the same participants
at baseline. We examined the relationships of dietary
Na–K ratio with mortality from stroke, stroke subtypes,
CVD and all causes in this 24-year follow-up of a repre-
sentative Japanese population.

METHODS
Cohort studies of the NCSJ are known as NIPPON DATA
(National Integrated Project for Prospective Observation
of Non-communicable Disease And its Trends in the
Aged). The present study analysed data from NIPPON
DATA80, in which baseline surveys had been performed
in 1980. Three hundred survey districts throughout
Japan were randomly selected, and a total of 13 771
people aged 30 years and over were eligible and invited
to participate in the study. The participation rate was
76.6% (10 546 people) before exclusion criteria were
implemented for this present study.
The survey of participants consisted of history of CVD,

physical examinations, blood tests and a self-
administered questionnaire. In the lifestyle question-
naire, participants were asked about their habits of
alcohol drinking (every day, sometimes, seldom or
ex-drinker) and smoking (current, non-smoker or
ex-smoker). Trained observers measured BP for each
participant, using a standard mercury sphygmomanom-
eter. Non-fasting blood samples were drawn and centri-
fuged within 60 min of collection. Serum total
cholesterol was analysed in an auto-analyser (SMA12/60;
Technicon, Tarrytown, New York, USA) at one specific
laboratory (Center for Adult Diseases, Osaka). This
laboratory has been certified since 1975 by the
CDC-NHLBI Lipid Standardization Program of the
Center for Disease Control and Prevention, Atlanta,
Georgia, USA. Serum glucose was measured by the
cupric-neocuproine method, using an auto-analyser.
Since blood glucose levels are now widely measured by
the hexokinase method, serum glucose levels were
adjusted using a formula ((0.047×(glucose concentra-
tion in mg/dL))−0.541) previously reported by the
same laboratory, which provides levels in mmol/L.14

Diabetes was defined as serum glucose of 11.1 mmol/L
or higher, history of diabetes, or both.

The NNS in 1980 was conducted for the same partici-
pants who were in the NCSJ. Dietary intakes were
assessed for each household, using a 3-day weighing
dietary record method. Trained dieticians reviewed
dietary records with the participants and edited them as
necessary. Survey data were processed centrally to calcu-
late total energy intake and intake of nutrients, includ-
ing sodium and 84 food groups.15 Since potassium
intake was not calculated in the original survey results,16

we calculated it from the 84 food groups intake, using
the food database developed for the INTERMAP Study
(international study of macronutrients and micronutri-
ents and BP).17

Nutrient intake of each household member was esti-
mated by dividing household intake data of NNS in
1980 proportionally with average intake as categorised
by sex and age group calculated for the 1995 NNS. The
detailed procedure and results of validation for these
estimations have been reported elsewhere.18 19 Per cent
energy intake from protein and total fat were calculated
as follows: the amounts of intake for protein and total
fat were multiplied by 4 and 9, respectively, and the sum
of the two products was divided by total energy intake.
We combined the nutritional data with the follow-up
database of NIPPON DATA80, obtaining data for 10 422
eligible participants.
For the present study, participants were followed until

2004 (NIPPON DATA80, 1980–2004). We used compu-
terised vital statistics data to identify the underlying
causes of death with the permission of the Management
and Coordination Agency, Japan. At follow-up, we
obtained information on 9550 participants (a follow-up
rate of 91.6%), and a total of 2278 deaths were identi-
fied. The procedure used for end point determination
in our study has been reported elsewhere.15 Definitions
of underlying cause of death for Japan’s National Vital
Statistics using International Classification of Disease
(ICD) are shown in online supplementary table S1. Of
the 9550 participants, we excluded 1267 individuals who
met the following conditions at baseline: those with a
history of myocardial infarction (n=45) or stroke
(n=109); those aged 80 years or older (n=150), as their
estimated nutrient intake may be inaccurate; those who
reported use of antihypertensive medication (n=1079;
the total did not add up to 1267 due to overlap). We,
therefore, analysed the remaining 8283 participants for
this report (see online supplementary figure for partici-
pant flow).
Regular drinking was defined as drinking alcohol

every day. Participants were divided into sex-specific
quintiles of dietary Na–K ratio (mmol/mmol). We per-
formed analyses of covariance and trend analyses for
continuous variables including age and sex as covariates.
We conducted the χ2 test to examine independence and
the linearity of trends for categorical variables across
quintiles of the Na–K ratio. Using a person-year method
of analysis, age-adjusted mortality rates were calculated
according to the standard population of Japan in
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1985. Age-adjusted relative risks and 95% CIs were cal-
culated using the Mantel-Haenszel procedure. The test
for linear and quadratic non-linear trends was used
to assess dietary Na–K ratio categories in terms of the
relative risk.
The Cox proportional hazards model was used to cal-

culate multivariable-adjusted HRs across the quintiles of
dietary Na–K ratio, using quadratic non-linear regres-
sion. In model I, sex, age (years), body mass index
(BMI; kg/m2), smoking habit and drinking habit were
adjusted. In model II, diabetes (yes/no) and serum total
cholesterol (mg/dL) were adjusted in addition to vari-
ables in model I. Further adjustment was made for
per cent energy intake from protein and total fat in
model III. Hypothesis testing was two-sided, with a
0.05 level of significance. SPSS V.21.0 for Windows
(IBM Corporation, Chicago, Illinois, USA) was used
for all analyses.

RESULTS
Table 1 shows the baseline characteristics according to
sex-specific quintiles of dietary Na–K ratio. Median
values of dietary Na–K quintiles were similar in both
sexes. Both sodium and potassium intake were signifi-
cantly related to dietary Na–K ratio (p trend <0.001).
Significantly higher per cent energy intake from protein
(p trend <0.001) and significantly lower intake from
total fat (p trend <0.001) were also observed with higher
category of dietary Na–K ratio in both sexes. Moving
from low to high Na–K ratio quintiles, average systolic
BP (p trend <0.001) and average BMI (p trend <0.049)
significantly increased in men, but not in women, and
serum cholesterol levels decreased (p trend <0.001) in
both sexes. Prevalence rate of current drinking and
current smoking rose with increasing dietary Na–K ratio
in men.
A total of 176 926 person-years were studied during

the 24-year follow-up. Table 2 shows age-adjusted mortal-
ity rates according to quintiles of dietary Na–K ratio.
Mortality rates from ischaemic stroke, haemorrhagic
stroke, all stroke, CVD and all causes were highest in the
highest Na–K quintile (Q5), while mortality rates did
not appear to be higher for either Q2 or Q3 in refer-
ence to Q1. Mortality rates (per 100 000 person-years)
for all stroke were 58 for Q1, and 101 for Q5. For ischae-
mic stroke, the rates were 30 for Q1, and 48 for Q5.
Age-adjusted relative risks and 95% CIs for cause-

specific deaths from linear and quadratic regression are
shown in table 3 and figure 1. Significantly higher rela-
tive risk was observed for deaths from all stroke, CVD
and all causes in the highest quintile in total participants
for both regression models. p Values obtained by quad-
ratic non-linear regression tended to be lower than
those for linear regression. Among stroke subtypes, a sig-
nificant positive relationship was observed for mortality
from haemorrhagic stroke (p=0.024) but not for ischae-
mic stroke (p=0.099; table 3).

Table 4 shows the quadratic non-linear multivariable-
adjusted HRs and 95% CIs in the highest quintile in ref-
erence to the lowest quintile of dietary Na–K ratio. In
models adjusted for lifestyle factors (model I) and
further adjusted for coexistent morbidity (model II), a
significant positive relationship was observed for mortal-
ity from ischaemic stroke, haemorrhagic stroke, all
stroke, CVD and all causes. After further adjustment for
per cent energy intake from protein and total fat
(model III), the HRs were almost similar to those of
model II. The associations were generally similar both in
men and women (see online supplementary tables S2
and S3).
Similar but less significant relationships were observed

when we used dietary Na–K ratios that were calculated
from household intake per 1000 kcal (density value) of
sodium and potassium. Significantly higher HRs were
also observed for mortality from haemorrhagic stroke,
all stroke, CVD and all causes in all models (see online
supplementary tables S4–S6).

DISCUSSION
These results demonstrate a positive quadratic non-
linear relationship of dietary Na–K ratio with long-term
mortality risk from haemorrhagic stroke, all stroke, CVD,
as well as all causes, in a representative Japanese popula-
tion. While stroke mortality has been previously reported
to have a positive relationship with dietary sodium and
an inverse relationship with dietary potassium in other
Japanese studies, these findings were obtained using
food frequency questionnaires (FFQs).20 21

Since quantitative estimation of sodium and potassium
intake is necessary to calculate dietary Na–K ratio, only a
few reports have addressed its relationship with CVD
mortality.10–12 22 Cook et al10 reported that lower dietary
Na–K ratio was significantly related to decreased stroke
mortality in a long-term lifestyle modification study,
using 24-hour urine samplings. They also reported an
effect of decreased CVD mortality from dietary salt
reduction.22 Yang et al11 reported a significant relation-
ship of dietary Na–K ratio to cardiovascular risk, using
1-day (24-hour) dietary recall data obtained for the
National Health and Nutrition Examination Survey
(NHANES) III, with a 14-year follow-up. This study also
supports that higher Na–K ratio is significantly related to
higher mortality from all causes, as well as CVD, for
both sexes. Judd et al12 reported that high Na–K ratio
was significantly related to all-cause mortality among
Americans.
Dietary intake of sodium and potassium is predomin-

antly assessed by their excretion in 24-hour urine collec-
tion. Estimated dietary intake assessed by FFQs yields
low correlation coefficients with those of 24-hour
urine.23 However, in previous large-scale prospective
studies,20 21 24 sodium and potassium intake was assessed
by FFQs rather than the time-consuming 24-hour urine
method. Dietary records and the 24-hour recall method
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Table 1 Baseline characteristics of participants according to the quintiles of dietary sodium-to-potassium ratio among participants of NIPPON DATA80 (National

Integrated Project for Prospective Observation of Non-communicable Disease And its Trends in the Aged) aged 30–79 years without antihypertensive treatment

Q1 Q2 Q3 Q4 Q5 p Value* p Trend†

Men

Sodium-to-potassium ratio (mol/mol) 1.30 (0.18) 1.64 (0.07) 1.90 (0.08) 2.19 (0.10) 2.81 (0.49) – –

(Range) (0.55) (1.51) (1.51) (1.77) (1.77) (2.03) (2.04) (2.37) (2.37) (6.13)

Number 696 736 749 752 749

Age (years) 49.6 (12.5) 48.4 (12.2) 48.4 (12.1) 48.4 (12.0) 49.3 (12.7) 0.178 0.724

Sodium intake (mmol/day) 179.4 (56.0) 221.9 (52.7) 252.2 (68.1) 285.2 (70.3) 356.8 (109.8) <0.001 <0.001

(mg/day) 4127 (1289) 5103 (1211) 5801 (1567) 6559 (1617) 8206 (2526) – –

Potassium intake (mmol/day) 81.4 (22.6) 79.7 (18.6) 78.3 (20.7) 76.8 (18.7) 75.1 (20.1) <0.001 <0.001

(mg/day) 3174 (882) 3109 (727) 3054 (809) 2996 (731) 2928 (784) – –

Protein intake (energy per cent) 14.9 (2.3) 15.0 (2.0) 15.0 (2.1) 15.1 (1.9) 15.2 (2.2) <0.001 <0.001

Total fat intake (energy per cent) 21.1 (5.1) 20.6 (5.0) 20.2 (5.2) 20.2 (5.0) 19.1 (5.5) <0.001 <0.001

Systolic blood pressure (mm Hg) 134.4 (18.6) 135.0 (19.4) 134.9 (19.3) 136.5 (18.8) 139.0 (20.8) <0.001 <0.001

Diastolic blood pressure (mm Hg) 82.2 (11.7) 82.1 (12.4) 82.5 (11.7) 82.9 (12.0) 83.4 (11.7) 0.160 0.015

Body mass index (kg/m2) 22.5 (2.9) 22.4 (2.8) 22.6 (2.8) 22.5 (2.8) 25.1 (50.6) 0.100 0.049

Serum cholesterol (mg/dL) 190.3 (32.8) 184.7 (31.6) 188.0 (33.0) 184.9 (32.9) 181.5 (32.7) <0.001 <0.001

Serum creatinine (mg/dL) 1.066 (0.389) 1.050 (0.151) 1.060 (0.290) 1.038 (0.136) 1.027 (0.182) 0.021 0.003

Regular drinking (%) 43.1 47.5 48.8 51.3 50.5 0.041 0.010

Current smoking (%) 60.8 61.5 63.1 66.5 70.8 <0.001 <0.001

Diabetes‡ (%) 8.3 5.4 4.7 6.5 6.8 0.049 0.049

Hypertension§ (%) 43.2 40.2 45.3 45.7 48.6 0.020 0.004

Women

Sodium-to-potassium ratio (mol/mol) 1.22 (0.16) 1.55 (0.07) 1.80 (0.07) 2.08 (0.09) 2.65 (0.44) – –

(Range) (0.59) (1.42) (1.42) (1.67) (1.67) (1.93) (1.93) (2.25) (2.25) (5.83)

Number 885 916 936 932 932

Age (years) 50.2 (12.0) 48.7 (11.8) 48.2 (12.1) 47.9 (12.3) 49.0 (12.9) 0.001 0.015

Sodium intake (mmol/day) 155.5 (44.7) 190.9 (48.9) 215.9 (59.6) 247.2 (63.1) 300.0 (91.7) <0.001 <0.001

(mg/day) 3575 (1027) 4392 (1124) 4966 (1372) 5685 (1452) 6900 (2110) – –

Potassium intake (mmol/day) 75.2 (20.1) 72.6 (18.2) 70.9 (19.4) 70.2 (17.9) 67.1 (18.3) <0.001 <0.001

(mg/day) 2933 (784) 2833 (710) 2764 (757) 2739 (699) 2617 (712) – –

Protein intake (energy per cent) 15.4 2.2 15.3 2.0 15.3 1.9 15.5 2.0 15.5 2.2 <0.001 <0.001

Total fat intake (energy per cent) 22.9 5.5 22.6 5.8 22.1 5.7 21.9 5.5 20.9 6.0 <0.001 <0.001

Systolic blood pressure (mm Hg) 131.7 (20.2) 130.9 (19.5) 129.5 (19.1) 129.7 (18.0) 131.3 (19.0) 0.044 0.342

Diastolic blood pressure (mm Hg) 78.7 (11.4) 78.6 (11.4) 77.7 (11.0) 78.1 (10.6) 78.5 (11.2) 0.196 0.453

Body mass index (kg/m2) 22.6 (3.4) 22.7 (3.3) 22.6 (3.2) 22.7 (3.3) 22.7 (3.2) 0.932 0.572

Serum cholesterol (mg/dL) 195.5 (33.1) 189.6 (34.1) 188.8 (34.1) 185.7 (32.0) 184.9 (33.6) <0.001 <0.001

Serum creatinine (mg/dL) 0.847 (0.241) 0.833 (0.123) 0.832 (0.121) 0.825 (0.115) 0.829 (0.122) 0.031 0.008

Regular drinking (%) 3.5 2.1 3.6 2.4 2.9 0.063 0.152

Current smoking (%) 9.0 8.1 8.7 8.4 10.2 0.535 0.545

Diabetes‡ (%) 4.3 3.8 3.5 2.9 4.5 0.388 0.376

Hypertension§ (%) 35.6 33.1 31.3 32.3 34.7 0.290 0.290

Continued
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Table 1 Continued

Q1 Q2 Q3 Q4 Q5 p Value* p Trend†

Men and women combined

Sodium-to-potassium ratio (mol/mol) 1.25 (0.17) 1.59 (0.09) 1.84 (0.09) 2.13 (0.11) 2.72 (0.47) – –

(Range) (0.55) (1.51) (1.42) (1.77) (1.67) (2.03) (1.93) (2.37) (2.25) (6.13)

Number 1581 1652 1685 1684 1681

Age (years) 49.9 (12.2) 48.6 (12.0) 48.3 (12.1) 48.1 (12.2) 49.1 (12.8) <0.001 0.042

Sodium intake (mmol/day) 166.0 (51.3) 204.7 (52.9) 232.1 (66.1) 264.2 (69.0) 325.3 (104.1) <0.001 <0.001

(mg/day) 3818 (1181) 4709 (1216) 5337 (1519) 6076 (1588) 7482 (2394) – –

Potassium intake (mmol/day) 77.9 (21.5) 75.8 (18.7) 74.2 (20.3) 73.2 (18.6) 70.7 (19.5) <0.001 <0.001

(mg/day) 3039 (837) 2956 (730) 2893 (793) 2854 (725) 2755 (761) – –

Protein intake (energy per cent) 15.2 2.2 15.2 2.0 15.2 2.0 15.4 2.0 15.4 2.2 <0.001 <0.001

Total fat intake (energy per cent) 22.1 5.4 21.7 5.6 21.3 5.6 21.1 5.4 20.1 5.8 <0.001 <0.001

Systolic blood pressure (mm Hg) 132.9 (19.5) 132.7 (19.5) 131.9 (19.4) 132.7 (18.7) 134.8 (20.2) 0.001 0.012

Diastolic blood pressure (mm Hg) 80.2 (11.6) 80.2 (12.0) 79.8 (11.5) 80.2 (11.5) 80.7 (11.7) 0.248 0.241

Body mass index (kg/m2) 22.6 (3.2) 22.6 (3.1) 22.6 (3.0) 22.6 (3.0) 23.8 (33.8) 0.100 0.042

Serum cholesterol (mg/dL) 193.3 (33.1) 187.4 (33.1) 188.4 (33.6) 185.3 (32.4) 183.4 (33.3) <0.001 <0.001

Serum creatinine (mg/dL) 0.944 (0.333) 0.930 (0.174) 0.933 (0.241) 0.920 (0.163) 0.917 (0.181) 0.006 0.008

Regular drinking (%) 20.9 22.3 23.7 24.2 24.1 0.111 0.011

Current smoking (%) 30.0 30.2 31.0 32.9 35.0 0.008 <0.001

Diabetes‡ (%) 11.3 10.7 9.4 9.3 11.8 0.057 0.852

Hypertension§ (%) 40.4 37.9 39.2 40.0 43.0 0.046 0.057

Values are means (SD), numbers or percentages.
*p Values obtained by analysis of variance for continuous values and by χ2 test for categorical values.
†p Trend was obtained by trend analysis for continuous variables, and χ2 test for trend for categorical variables.
‡History of diabetes and/or non-fasting blood glucose of 11.1 mmol/L or higher.
§Systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg.
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are also used for the estimation of salt intake and yield
better correlation with those of 24-hour urinary excre-
tion.25 26 However, since the diet of an individual
changes day to day, dietary records for several days
would be more appropriate for estimation of habitual
intake.27 In the present study, we used data from NNS,
assessed by a 3-day weighing dietary record that was
reviewed by trained dieticians. Dietary Na–K ratio esti-
mated in this cohort study, therefore, would be more
suitable for evaluating the relationship with CVD
mortality.
The baseline characteristics of participants with higher

dietary Na–K ratio included higher per cent intake from
protein, lower intake from total fat, higher BP, lower
cholesterol levels and higher prevalence of smoking.
These factors may have had a confounding effect on the
results. Higher total fat intake in lower Na–K categories
(reflecting Westernised dietary habits) may influence all-
cause and cause-specific mortalities. HRs did not change
substantially after the adjustment for percentage intake
from protein and total fat (model III), nor did they
change after the adjustment for other possible con-
founding factors (model II).
The strength of using the Na–K ratio as an index of

sodium and potassium intake is due to the nature of this
measurement being independent from total energy

intake. Both dietary sodium and potassium intake have
strong relationships with total energy intake.28 In the
report by Cohen et al,29 the average energy intake for
the lower salt intake group was much lower than what
would be expected from the body weight values. Such
participants may, thus, have had an insufficient diet.
This may also be true when evaluating dietary potassium
intake.
In the analyses for stroke subtypes, the Na–K ratio was

positively associated with haemorrhagic stroke, but was
borderline significant for ischaemic stroke.
Haemorrhagic stroke has been reported to be more
strongly related to BP than has ischaemic stroke;30

higher Na–K ratio may lead to higher BP during
follow-up, and consequently to higher risk of haemor-
rhagic stroke. Lower numbers of deaths from haemor-
rhagic stroke (67 deaths) and ischaemic stroke (150
deaths) may also have caused insufficient statistical
power for these subanalyses.
This study has some limitations. First, dietary habits

and CVD risk factors were assessed only once, at the
baseline survey, and may have changed during the
follow-up period. Second, dietary intake of individual
participants was obtained from a consecutive 3-day
weighing record method for each household. This
method to estimate sodium intake would be less

Table 2 Person-years, mortality numbers and age-adjusted mortality rate (per 100 000 person-years) according to quintiles

of dietary sodium-to-potassium ratio for deaths from all causes, CVDs, all stroke and stroke subtypes in a 24-year follow-up of

the participants of NIPPON DATA80

Q1 Q2 Q3 Q4 Q5

Total N (Rate) N (Rate) N (Rate) N (Rate) N (Rate)

Person-years 176926 33581 35 983 35 949 36 122 35 291

All causes 1938 381 (502) 365 (521) 368 (493) 388 (568) 436 (640)

CVD 579 110 (132) 114 (152) 100 (116) 113 (152) 142 (189)

Stroke 273 45 (58) 46 (63) 55 (65) 53 (76) 74 (101)

Ischaemic stroke 150 29 (30) 27 (29) 30 (27) 26 (33) 38 (48)

Haemorrhagic stroke 67 8 (17) 12 (18) 14 (25) 13 (17) 20 (31)

Values in parentheses are age-adjusted mortality rates per 100 000 person-years for each cause of death.
CVD, cardiovascular disease; NIPPON DATA, National Integrated Project for Prospective Observation of Non-communicable Disease And its
Trends in the Aged.

Table 3 Age-adjusted relative risks and 95% CIs for deaths from all causes, CVDs, stroke and stroke subtypes, according to

dietary sodium-to-potassium ratio quintiles using the Mantel-Haenszel method for 24-year follow-up of NIPPON DATA80

Q1 Q2 Q3 Q4 Q5 p Value* p Value**

All causes 1 1.05 (0.89 to 1.23) 1.01 (0.86 to 1.19) 1.12 (0.95 to 1.32) 1.27 (1.08 to 1.48) 0.005 0.001

CVD 1 1.17 (0.86 to 1.60) 0.91 (0.66 to 1.27) 1.16 (0.85 to 1.59) 1.47 (1.10 to 1.96) 0.032 0.005

Stroke 1 1.06 (0.65 to 1.73) 1.20 (0.75 to 1.92) 1.39 (0.88 to 2.18) 1.85 (1.22 to 2.83) 0.009 0.002

Ischaemic stroke 1 0.96 (0.50 to 1.84) 0.90 (0.46 to 1.74) 1.09 (0.58 to 2.06) 1.57 (0.89 to 2.78) 0.266 0.099

Haemorrhagic

stroke

1 1.26 (0.50 to 3.15) 1.63 (0.69 to 3.88) 1.27 (0.50 to 3.19) 2.34 (1.06 to 5.18) 0.039 0.024

*p Values of the test for linear trends were calculated using Cox proportional hazards model.
**p Values of the test for quadratic non-linear trends were calculated using Cox proportional hazards model.
CVD, cardiovascular disease; NIPPON DATA, National Integrated Project for Prospective Observation of Non-communicable Disease And its
Trends in the Aged.
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accurate compared with the 24-hour urine collection
method, which is considered the gold standard in esti-
mating sodium intake. Also, because diets naturally vary
from weekdays to weekends,17 the 3-day weighing record
method may not reflect average dietary habits through-
out the week. Thus, estimated dietary values may be
overestimated or underestimated and may attenuate the
true relationships between Na–K ratio and our outcomes
of interest. Third, we used underlying cause of death by
ICD 9 and 10 as outcome. The diagnostic accuracy of
underlying cause of death may differ from what was
registered in the medical record31 and diagnostic cri-
teria have changed through ICD 9 and 10. Last, the stat-
istical power may not be sufficient in the subanalyses on
stroke subtypes.
Through public health policy and a national move-

ment for lifestyle change, salt intake has been declining
in the Japanese population over the past decades.
Because of this, BP levels and stroke mortality have sub-
stantially decreased in Japan.32 Recently, we reported
sources of dietary sodium in the Japanese diet,33 with
soy sauce, miso (fermented soybean seasoning), salted
fish and salted pickles being the main sources. Although
varieties of salt-reduced soy sauce and miso have been
produced,34 trends for both salt intake and stroke mor-
tality have recently reached a plateau.35 Electrolyte
intake among Japanese people is also characterised by
lower potassium intake than that of Western countries
and it has essentially not changed during the past
20 years, leading to a high Na–K ratio level.4 Individual

Figure 1 Age-adjusted relative risks and 95% CIs for deaths from all causes, CVDs, all stroke and haemorrhagic stroke

according to quintiles of dietary sodium-to-potassium ratio by using the Mantel-Haenszel method in a 24-year follow-up of

NIPPON DATA80. CVD, cardiovascular disease; NIPPON DATA, National Integrated Project for Prospective Observation of

Non-communicable Disease And its Trends in the Aged.

Table 4 Quadratic non-linear multivariate-adjusted HR

and 95% CI for deaths from all causes, CVDs, stroke and

stroke subtypes, for the highest quintile versus the lowest

quintile of dietary sodium-to-potassium ratio in total

participants

HR (95% CI)

Model I

All causes 1.18 (1.08 to 1.29)

CVD 1.35 (1.17 to 1.56)

Stroke 1.42 (1.17 to 1.74)

Ischaemic stroke 1.42 (1.08 to 1.88)

Haemorrhagic stroke 1.55 (1.05 to 2.27)

Model II

All causes 1.16 (1.06 to 1.27)

CVD 1.38 (1.20 to 1.59)

Stroke 1.44 (1.18 to 1.76)

Ischaemic stroke 1.42 (1.08 to 1.88)

Haemorrhagic stroke 1.56 (1.06 to 2.30)

Model III

All causes 1.16 (1.06 to 1.27)

CVD 1.39 (1.20 to 1.61)

Stroke 1.43 (1.17 to 1.76)

Ischaemic stroke 1.42 (1.07 to 1.90)

Haemorrhagic stroke 1.57 (1.05 to 2.34)

Model I was adjusted for age, sex, BMI, smoking and drinking
habits.
Model II was adjusted for variables in model I plus diabetes and
serum total cholesterol.
Model III was adjusted for variables in model II plus per cent
energy intake from protein and total fat.
BMI, body mass index; CVD, cardiovascular disease.

Okayama A, et al. BMJ Open 2016;6:e011632. doi:10.1136/bmjopen-2016-011632 7

Open Access



sources of potassium intake could not be identified in
this study since all dietary data used in the study were
aggregated to 84 food categories. However, we have pre-
viously reported that intake of more fruit and vegetable,
which are major sources of potassium, had lower risk
of CVD mortality.36 Since considerable amounts of
dietary vegetable are consumed as salted pickles among
Japanese people,33 a decrease in dietary sodium by redu-
cing the intake of these pickles may not give enough of
a beneficial effect on lowering Na–K ratio. A high Na–K
ratio has also been observed in Korea and China.8

In conclusion, we should bear in mind that lowering
dietary Na–K ratio may be a useful, alternative indica-
tor in reducing cardiovascular risk. A recent interven-
tion study to decrease dietary Na–K ratio among the
elderly has showed a significant decrease in CVD mor-
tality.37 The combination of salt reduction and potas-
sium increase in the diet could lead to a further
decline of BP, and thus of CVD risk, in Japan and in
the rest of world.
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