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Abstract
Few studies have reported associations between the Na:K ratio and risk factors related to CVD among the general population in Asian countries.
This study aimed to investigate the dietary Na:K ratio association with CVD risk factors among Japanese adults. This retrospective cross-sectional
study included 48 800 Japanese participants (19 386 men and 29 414 women) aged ≥20 years, registered in the 2003–2017 National Health and
Nutrition Survey. Multivariate OR and 95 % CI for risk of hypertension, high glycated HbA1c levels, hypercholesterolaemia, low serum levels of
HDL-cholesterol and high non-HDL-cholesterol levels according to the Na:K ratio were estimated using logistic regression models. Dietary Na:K
ratio decreased for bothmen andwomen from 2003 to 2017. Higher Na:K ratio and higher hypertension prevalencewere observed (multivariate
OR (fifth v. first quintiles) 1·27, 95 % CI 1·15, 1·40; Pfor trend< 0·001 for men and 1·12, 95 % CI 1·01, 1·23; Pfor trend= 0·007 for women). Higher
Na:K ratio was associated with higher prevalence of high HbA1c levels in men (multivariate OR 1·56, 95 % CI 1·24, 1·96). Prevalence of low
HDL-cholesterol levels was increased with higher Na:K ratio (Pfor trend =0·002 for men and <0·001 for women). No significant associations were
found betweenNa:K ratio and hypercholesterolaemia in men or high non-HDL-cholesterol levels in bothmen andwomen. Our findings suggest
that dietary Na:K ratio is associated with several CVD risk factors among Japanese adults.

Key words: Sodium: Potassium: CVD risk factors: National Health and Nutrition Survey (NHNS): Japan

CVD are leading causes of death globally(1). An estimated
17·9 million people died from CVD in 2016, representing 31 %
of all global deaths(1). In Japan, CVD are the second most
common cause of death after cancer, with CVD deaths
accounting for 15·8 % of all deaths in 2017(2). Some of the known
behavioural risk factors for CVD are physical inactivity, high salt
intake, tobacco use and high alcohol consumption(3). These
behavioural risk factors cause raised blood pressure (BP), blood
glucose, blood lipids, and overweight and obesity(3).

Recent studies have investigated the association between
CVD risk and the balance of Na and K intake, evaluated from
diet or urine, not Na alone(4–7). In an international prospective
cohort study involving eighteen countries, combined intakes
of moderate Na (3–5 g/d) and high K (>3·5 g/d) were associated
with the lowest risk of cardiovascular events and all-cause
mortality(4). Several previous prospective studies have shown
that high dietary Na:K ratio increased the risk of stroke or total

CVD risk, among the general population(5–7). The dietary
or urinary Na:K ratio was associated with higher BP levels
or hypertension prevalence(8–10). A recent cohort study on
Chinese adults showed that a higher dietary Na:K ratio was
associated with a higher risk of diabetes, defined as either fasting
glucose≥ 126mg/dl (≥7·0 mmol/l), glycated HbA1c ≥ 6·5 % or
using antidiabetic drugs, in the general population(11). The
INTERSALT Study reported that East Asians including Chinese,
Japanese and Koreans have higher urinary Na:K ratio than
Westerners(12).

The Japanese obtain higher salt intakes from foods such as
the traditional Japanese seasonings (soya sauce and miso) than
those ofWestern countries(13). However, we previously reported
that larger portion sizes of soya sauce or miso alonemight not be
risk factors of elevated BP levels among Japanese adults who
consume more vegetables, soya products and mushrooms(14).
A high intake of K contained in vegetables, fruits and fish reduces

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; NHNS, National Health and Nutrition Survey; SBP, systolic blood pressure; TC, total
cholesterol.
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BP and lowers the risk of stroke, as observed in a meta-analysis
that included thirty-five randomised controlled trials and cohort
studies(15). In Japan, based on the National Health and Nutrition
Survey (NHNS) data(16), decline in salt intake and systolic BP
(SBP) was observed. However, few studies reported association
between Na:K ratio and either CVD or CVD risk factors among
the general population in Asian countries, particularly in Japan.
For the primary prevention of CVD, it is important to reduce CVD
risk factors such as raised BP, blood glucose or blood lipids.

Hence, we aimed to investigate a possible relationship
between dietary Na:K ratio and CVD risk factors among
Japanese adults using nationwide pooled data from the
2003–2017 NHNS.

Materials and methods

National Health and Nutrition Survey data

TheNHNS is an annual cross-sectional survey (betweenOctober
and December), which began in 1947 and was conducted by
the Ministry of Health, Labour, and Welfare in Japan. Details
of the survey design have been described(17,18). Briefly, the
NHNS uses a stratified cluster sampling design across forty-seven
prefectures. Iwate, Miyagi and Fukushima Prefectures were
excluded from the 2011 survey due to the Great East Japan
earthquake, while Kumamoto Prefecture was excluded from
the 2016 survey due to the Kumamoto Earthquake. Census enu-
meration areas were drawn from each prefecture, and residents
aged ≥1 year in all households were selected from 300 selected
census enumeration areas from 2003 to 2017. Exceptions were
the 2004, 2012 and 2016 surveys, which were conducted in
298 areas (two areas in Niigata Prefecture were excluded
due to the Mid Niigata Prefecture Earthquake), 475 areas and
462 areas, respectively, out of the eligible survey areas. The
NHNS comprised three surveys: the dietary intake survey
(a self-administered questionnaire including questions on the
household status, meal patterns, step counts and dietary
records), in addition, the lifestyle survey (a self-administered
questionnaire including questions on smoking status, alcohol
intake and sleep time) and physical examination (measurement
of height, weight, abdominal circumference and BP; blood
tests; and a medical interview). Based on official application
procedures under Article 33 of the Statistics Act, we obtained
approval from the Ministry of Health, Labour, and Welfare of
Japan to use individual-level data from the NHNS for this study.
In accordance with the Ethical Guidelines of Epidemiological
Research(19), our study was exempted from the application of
these guidelines as only anonymised data were used.

Dietary assessment

The dietary intake survey, which uses semi-weighed household
dietary records to assess dietary intake, was conducted on a
single day that was neither a Sunday nor a public holiday. The
dietary intake survey was conducted in November, except
in 2012 and 2016, when they were conducted between
25 October and 7 December, and 1 October and 30 November,
respectively. Trained interviewers visited each household to

explain the method for generating the dietary records before
the survey. Dietary records were weighed by taking an inventory
of all the food and beverage intake, food wastes and leftovers
in the household, as well as foods eaten away from home.
For shared dishes within the household, the approximate pro-
portions of each food were assigned to individual household
members for the estimation of the individual food intakes.
Interviewers checked for any missing information and errors
during household visits to collect the dietary records.

Nutrient intake was calculated based on the Standard Tables
of Food Composition in Japan (5th edition for the 2003–2004
survey; the 5th revised and enlarged edition for the 2005–2010
survey and the 2010 edition for the 2011–2017 survey). Based
on the food group tables in the NHNS(20), foods were classified
into seventeen large food groups (e.g. cereals, vegetables, fish
and shellfish, etc.). These were further classified into thirty-three
medium groups (e.g. rice and rice products, wheat flour and
wheat products, green and yellow vegetables, other vegetables,
raw fish and shellfish, and seafood and processed products),
then into ninety-eight small groups (e.g. rice, bread, tomatoes,
carrots, horse mackerels and sardines, and salmon and trout).
Details of the food groups have been previously reported(21).
Dietary Na:K ratio was calculated by dividing the weight of Na
consumption (mg) by the weight of K consumption (mg).

Outcome measurement and definition

Participants wore a pedometer on their waist and measured
their number of steps on a single day and then recorded it in
a self-administered questionnaire regarding dietary intake.
Participants’ height and weight were measured by trained
fieldworkers. BMI was calculated by dividing the weight (kg)
by the square of height (m) (kg/m2). BP was measured
twice using the Riva-Rocci mercurial sphygmomanometer
and the JIS manchette (BP cuff). The mean values of the two
measurements of SBP and diastolic BP (DBP) were used.
Hypertension was defined as an SBP≥ 140mmHg and/or a
DBP≥ 90 mmHg based on the Guidelines for the Management
of Hypertension by the Japanese Society of Hypertension(22).
Non-fasting blood samples were collected and analysed for
HbA1c concentration and serum lipid concentration. HbA1c
concentration was measured using the latex agglutination neph-
elometry method (measuring instrument: BM9030). High HbA1c
levels were defined as high HbA1c concentration ≥6·5 % deter-
mined by the National Glycohaemoglobin Standardization
Program, based on the diabetes mellitus diagnostic criteria of
the Japan Diabetes Society(23). Total cholesterol (TC) was
measured using the cholesterol dehydrogenase method, while
HDL-cholesterol was measured using the direct method
(measuring instrument: BM8060). Non-HDL-cholesterol was
calculated by subtracting HDL-cholesterol from TC. A low HDL-
cholesterol level was defined as HDL-cholesterol <40 mg/dl
(1·03 mmol/l), while high non-HDL-cholesterol levels were
defined as non-HDL-cholesterol ≥170 mg/dl (4·39 mmol/l)
based on the Japan Atherosclerosis Society Guidelines for
Prevention of Atherosclerotic Cardiovascular Diseases(24).
Hypercholesterolaemia was defined as TC≥ 240mg/dl
(6·20 mmol/l)(25).
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Study participants

Of the 190 018 participants in the 2003–2017 survey, participants
aged <20 years (n 31 905), pregnant or breast-feeding women
(n 1784), those for whom BP measurements and blood tests
were not performed (n 81 564) and those who did not complete
the dietary intake survey (n 1669) were excluded. Furthermore,
participants who were using drugs to lower BP (n 19 273), those
using either insulin or oral hypoglycaemic agents (n 1724) and
those using drugs to lower the cholesterol (n 3299) were also
excluded (including participants who were using multiple
drugs). Ultimately, data of 48 800 participants (19 386 men
and 29 414 women) aged ≥20 years were included in the
analysis.

Statistical analysis

The trend in dietary sodium:potassium ratio. All statistical
analyses were performed for each sex. Age-adjusted mean of
Na:K ratio was estimated using a regression model, according
to the survey years. Age adjustment was conducted using the
six age categories (20–29, 30–39, 40–49, 50–59, 60–69 and
≥70 years), which is the standard population based on the
2010 census. The trend analyses were performed by the
Joinpoint Regression Program ( Joinpoint Regression software,
version 4.2, National Cancer Institute). Joinpoint regression
analysis uses statistical criteria to determine the minimum num-
ber of linear segments needed to describe a trend and to deter-
mine the annual percentage change for each segment. The
Monte Carlo Permutation method was used to test if a change
in the trend was statistically significant(26).

Association between dietary sodium:potassium ratio and
CVD risk factors. For the regressionmodels, because consump-
tion of Na and K was correlated with total energy intake
(Spearman rank correlation (rs) for Na and K: 0·50 and 0·57
for men and 0·49 and 0·60 for women, respectively), dietary
Na:K ratio was energy-adjusted using the residual method
according to sex(27). Participants were divided into quintiles
based on their energy-adjusted Na:K ratios. The associations
between energy-adjusted Na:K ratio, participant characteristics
and food and nutrient intake were assessed using simple linear
regression analyses for continuous variables, while a χ2 test was
used for categorical variables. Based on the food group tables in
the NHNS(20), the large food group variables were used for the
analysis on food intake, while those of the medium groups were
used for the analysis of rice and rice products, wheat flour and
wheat products, and alcohol beverages. Age and multivariate
adjusted model linear regression analyses were performed to
evaluate the associations between energy-adjusted Na:K ratio
and BP (SBP and DBP) and blood profiles (HbA1c, serum TC,
HDL-cholesterol and non-HDL-cholesterol). To determine the
association between Na:K ratio and risk of hypertension, high
HbA1c levels, hypercholesterolaemia, low HDL-cholesterol lev-
els and high non-HDL-cholesterol levels, age and multivariate
adjusted model logistic regression analyses were performed.
The OR and 95 % CI for hypertension, high HbA1c levels, hyper-
cholesterolaemia, low HDL-cholesterol levels and high non-
HDL-cholesterol levels were evaluated using Na:K ratio in the

second to fifth quintiles and were compared with those in the
first quintile. To examine the linear relationship, Pfor trend values
were obtained using Na:K ratio as continuous variables. The
following variables were included in the multivariate models:
age (continuous variable), BMI (<18·5, 18·5–24·9, 25·0–29·9,
≥30·0 kg/m2 or unknown), smoking status (current, former,
never smoker or unknown), occupation (professional/manage-
ment, office work, sales/service, manual (security, farming,
forestry, fishery, transportation or labour service), housework,
unemployed (unemployed or student) or unknown), number
of steps (quintiles <3700; 3700–5707; 5708–7811; 7812–10 635;
≥10 636/d for men; <3608; 3608–5365; 5366–7142; 7143–9493;
≥9494/d for women, or unknown), alcohol intake amount
(g/d, continuous variable), intake of protein(28,29) and SFA(30,31)

(g/d, continuous variables) and survey year. Energy-adjusted
values of intake of protein and SFA were used in the residual
method according to sex(27). All statistical analysis on the associ-
ation between Na:K ratio and CVD risk factors was performed
using the SAS statistical package for Windows (version 9.4,
SAS Institute Inc.). Differences were considered statistically sig-
nificant at P< 0·05.

Results

The trend in dietary Na:K ratio adjusted for age category accord-
ing to sex is shown in Fig. 1(a) (men) and Fig. 1(b) (women).
Joinpoint regression analyses identified a change in the trend
for dietary Na:K ratio from 2003 to 2017, with significant
decreases in annual percentage change of 0·51 and 0·73 % in
men and women, respectively (P< 0·001). The proportion of
decrease for Na and K intake was 17·1 and 6·4 %, respectively,
for men, and 18·6 and 4·4 %, respectively, for women (mean
intake of Na and K for men was 5160 mg and 2609 mg, respec-
tively, in 2003, 4276mg and 2443 mg in 2017, respectively; for
women, mean intake of Na and K was 4361 mg and 2414 mg,
respectively, in 2003, and 3552 mg and 2308mg, respectively,
in 2017).

The median dietary Na:K ratios in all survey years were 1·85
for men and 1·70 for women. The demographic characteristics of
the participants according to quintiles of dietary Na:K ratio
according to sex are shown in Table 1. Participants with higher
dietary Na:K ratio were younger and more likely to be smokers
and current drinkers.

Participants’ food intakes according to quintiles of dietary
Na:K ratio by sex are shown in Table 2. Participants with higher
Na:K ratio had higher intake of cereals, meats, eggs, alcohol
beverages, and seasonings and spices. They had lower intake
of potatoes, legumes, nuts, vegetables, fruits, mushrooms, fish,
milk/milk products and confectioneries. Participants’ nutrient
intake according to quintile of dietary Na:K ratio by sex is
shown in Table 3. Participants with a higher Na:K ratio also
had a lower intake of almost all nutrients such as protein, dietary
fibre, vitamins and minerals, except for Na intake, in both men
and women.

Table 4 shows the age- and multivariate-adjusted means
of SBP, DBP, HbA1c, TC, HDL-cholesterol and non-HDL-
cholesterol according to quintile of dietary Na:K ratio by sex.
Higher Na:K ratio was associated with higher SBP and DBP in
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the multivariate model (SBP: Pfor trend< 0·001 (both men and
women); DBP: Pfor trend= 0·008 (men) and 0·015 (women)).
Higher Na:K ratio was also associated with a higher HbA1c level
in the multivariate model (Pfor trend= 0·003 (both men and

women)). In women, a higher Na:K ratio was associated with
a lower TC and HDL-cholesterol level in the multivariate model
(Pfor trend< 0·001). No significant association occurred between
Na:K ratio and non-HDL-cholesterol level.
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Fig. 1. (a) Trends in dietary sodium:potassium ratio adjusted for age category from 2003 to 2017 in men. * P< 0·001. , Observed value; , modelled value.
(b) Trends in dietary sodium:potassium ratio adjusted for age category from 2003 to 2017 in women. * P< 0·001. APC, annual percentage change. , Observed value;

, modelled value.
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Table 1. Demographic characteristics of the participants according to quintile of sodium:potassium ratio
(Numbers and percentages; means and standard deviations)

Men Women

Quintile 1
(<1·36)
(n 3878)

Quintile 2
(1·36–1·69)
(n 3876)

Quintile 3
(1·70–2·04)
(n 3877)

Quintile 4
(2·05–2·53)
(n 3877)

Quintile 5
(≥2·54)*
(n 3878)

Quintile 1
(<1·25)
(n 5883)

Quintile 2
(1·25–1·55)
(n 5882)

Quintile 3
(1·56–1·87)
(n 5882)

Quintile 4
(1·88–2·31)
(n 5884)

Quintile 5
(≥2·32)*
(n 5883)

n % n % n % n % n % n % n % n % n % n %

Age (years)† 57·9 16·6 55·3 16·3 53·8 16·3 52·3 16·2 49·7 16·3 55·3 15·1 53·9 15·2 52·8 15·3 51·6 15·4 48·7 15·4
BMI (kg/m2)

<18·5 60 1·6 44 1·1 49 1·3 54 1·4 48 1·2 248 4·2 195 3·3 181 3·1 181 3·1 178 3·0
18·5–24·9 874 22·5 820 21·2 809 20·9 719 18·6 721 18·6 1462 24·9 1339 22·8 1313 22·3 1198 20·4 1090 18·5
25·0–29·9 297 7·7 281 7·3 272 7·0 264 6·8 292 7·5 212 3·6 247 4·2 231 3·9 249 4·2 269 4·6
≥30·0 34 0·9 44 1·1 40 1·0 41 1·1 50 1·3 38 0·7 38 0·7 43 0·7 53 0·9 72 1·2
Unknown 2613 67·4 2687 69·3 2707 69·8 2799 72·2 2767 71·4 3923 66·7 4063 69·1 4114 69·9 4203 71·4 4274 72·7

Smoking status
Smoker 1086 28·0 1234 31·8 1365 35·2 1640 42·3 1828 47·1 430 7·3 498 8·5 490 8·3 624 10·6 866 14·7
Non-smoker 1958 50·5 1842 47·5 1721 44·4 1556 40·1 1380 35·6 2333 39·7 2100 35·7 2033 34·6 1845 31·4 1766 30·0
Unknown 834 21·5 800 20·6 791 20·4 681 17·6 670 17·3 3120 53·0 3284 55·8 3359 57·1 3415 58·0 3251 55·3

Alcohol drinking status
Current drinker 2365 61·0 2530 65·3 2593 66·9 2636 68·0 2644 68·2 1943 33·0 2041 34·7 2091 35·6 2181 37·1 2313 39·3
Former drinker 120 3·1 108 2·8 84 2·2 68 1·8 71 1·8 72 1·2 51 0·9 61 1·0 67 1·1 51 0·9
Never drinker 765 19·7 726 18·7 727 18·8 727 18·8 741 19·1 2405 40·9 2470 42·0 2526 42·9 2553 43·4 2509 42·7
Unknown 628 16·2 512 13·2 473 12·2 446 11·5 422 10·9 1463 24·9 1320 22·4 1204 20·5 1083 18·4 1010 17·2

Occupation
Professional/management 816 21·0 806 20·8 787 20·3 792 20·4 721 18·6 749 12·7 777 13·2 713 12·1 685 11·6 670 11·4
Office work 286 7·4 319 8·2 321 8·3 306 7·9 289 7·5 711 12·1 758 12·9 763 13·0 787 13·4 788 13·4
Sales/service 389 10·0 465 12·0 477 12·3 489 12·6 512 13·2 922 15·7 1002 17·0 1074 18·3 1122 19·1 1281 21·8
Manual 1010 26·0 1204 31·1 1357 35·0 1455 37·5 1523 39·3 432 7·3 563 9·6 679 11·5 656 11·2 731 12·4
Housework 115 3·0 71 1·8 70 1·8 70 1·8 81 2·1 2627 44·7 2373 40·3 2254 38·3 2249 38·2 2016 34·3
Unemployed 1261 32·5 1008 26·0 861 22·2 756 19·5 748 19·3 439 7·5 407 6·9 396 6·7 379 6·4 392 6·7
Unknown 1 0·03 3 0·1 4 0·1 9 0·2 4 0·1 3 0·1 2 0·03 3 0·1 6 0·1 5 0·1

Number of steps (/d)‡
Quintile 1 805 20·8 728 18·8 673 17·4 715 18·4 818 21·1 1138 19·3 1102 18·7 1124 19·1 1146 19·5 1198 20·4
Quintile 2 776 20·0 739 19·1 781 20·1 730 18·8 714 18·4 1109 18·9 1142 19·4 1187 20·2 1117 19·0 1154 19·6
Quintile 3 746 19·2 755 19·5 732 18·9 782 20·2 720 18·6 1172 19·9 1154 19·6 1100 18·7 1162 19·8 1120 19·0
Quintile 4 709 18·3 800 20·6 758 19·6 752 19·4 720 18·6 1160 19·7 1232 21·0 1107 18·8 1126 19·1 1082 18·4
Quintile 5 709 18·3 725 18·7 816 21·1 769 19·8 718 18·5 1154 19·6 1071 18·2 1188 20·2 1168 19·9 1127 19·2
Unknown 133 3·4 129 3·3 117 3·0 129 3·3 188 4·9 150 2·6 181 3·1 176 3·0 165 2·8 202 3·4

* Simple linear regression analyses and a χ2 test were used for continuous and categorical variables, respectively. All P< 0·001, except for number of steps in women (P= 0·0074).
†Mean values and standard deviations.
‡ Steps: quintile 1 (<3700 formen,<3608 for women), quintile 2 (3700–5707 formen, 3608–5365 for women), quintile 3 (5708–7811 formen, 5366–7142 for women), quintile 4 (7812–10 635 formen, 7143–9493 for women), and quintile 5 (≥10 636 for
men, ≥9494 for women).
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Table 2. Characteristics of the food intake of the participants according to quintile of sodium:potassium ratio
(Mean values and standard deviations)

Men Women

Quintile 1
(<1·36)
(n 3878)

Quintile 2
(1·36–1·69)
(n 3876)

Quintile 3
(1·70–2·04)
(n 3877)

Quintile 4
(2·05–2·53)
(n 3877)

Quintile 5
(≥2·54)*
(n 3878)

Quintile 1
(<1·25)
(n 5883)

Quintile 2
(1·25–1·55)
(n 5882)

Quintile 3
(1·56–1·87)
(n 5882)

Quintile 4
(1·88–2·31)
(n 5884)

Quintile 5
(≥2·32)*
(n 5883)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Cereals (g) 478·0 182·8 525·8 185·7 560·3 192·6 576·3 198·1 598·0 214·8 321·9 130·7 368·3 130·6 388·9 131·4 412·9 133·4 431·4 148·4
Rice and rice products (g) 395·4 199·2 431·2 206·1 452·6 208·2 446·4 215·5 422·5 223·1 248·9 137·3 280·0 144·0 291·8 146·0 298·3 149·5 283·9 153·2
Wheat flour and wheat products (g) 72·5 86·7 85·4 102·4 98·6 111·6 119·3 126·0 162·0 144·2 65·1 72·7 81·5 85·2 90·5 92·6 107·0 103·7 137·7 120·5
Potatoes and starches (g) 74·0 91·8 68·3 78·2 62·0 73·4 56·0 69·5 38·1 53·4 68·4 86·0 62·9 69·7 57·6 67·0 52·5 61·8 38·3 51·7
Sugars and sweeteners (g) 7·2 9·4 7·7 11·1 7·9 9·6 7·5 9·5 7·1 9·4 6·6 8·6 7·4 8·9 7·7 9·3 7·8 9·4 7·2 9·5
Legumes (g) 78·8 92·1 72·2 86·5 68·4 80·0 61·1 74·8 50·4 70·2 72·4 87·3 67·9 79·4 62·5 70·7 58·3 69·6 49·3 63·4
Nuts and seeds (g) 3·7 12·8 3·1 10·3 2·8 10·8 2·0 8·5 1·4 5·5 3·5 10·8 3·0 8·6 2·7 8·9 2·3 8·1 1·4 5·0
Vegetables (g) 345·2 203·5 332·6 189·7 314·7 176·5 289·5 167·3 225·9 148·8 321·3 184·1 311·5 172·0 295·3 165·8 278·5 156·0 227·1 143·0
Fruits (g) 170·2 174·7 126·5 151·5 103·2 145·8 72·5 113·3 42·7 92·6 183·0 164·3 151·4 150·1 122·0 130·9 102·4 123·2 63·8 101·6
Mushrooms (g) 22·3 38·0 19·8 31·8 18·4 31·0 17·3 29·5 12·7 24·5 19·4 28·9 19·4 28·9 17·9 27·1 16·5 26·9 14·1 24·0
Algae (g) 11·5 24·9 12·9 24·4 13·3 26·4 12·7 23·0 11·3 23·1 11·2 26·7 11·7 23·9 12·2 22·8 12·1 22·6 11·6 25·4
Fish and shellfishes (g) 89·4 81·6 95·7 87·5 97·1 84·9 94·1 88·6 79·2 81·3 66·3 62·3 74·5 67·6 75·6 68·7 75·6 70·7 65·6 68·2
Meats (g) 85·0 77·2 97·3 79·4 103·1 84·7 103·5 82·0 96·9 80·8 63·6 55·2 74·3 61·8 75·9 61·8 77·7 63·7 74·2 62·9
Eggs (g) 33·4 33·5 39·1 36·4 40·7 37·4 41·0 38·8 40·2 39·6 28·7 29·3 32·6 31·2 34·1 32·6 36·2 33·6 35·5 34·0
Milks (g) 152·0 170·5 119·3 146·0 94·6 132·4 72·6 118·6 44·9 90·2 159·3 155·4 139·8 142·7 117·6 127·6 96·0 116·4 62·8 98·4
Fats and oils (g) 10·1 9·6 11·7 10·3 12·0 10·5 12·4 10·9 11·7 10·6 8·0 7·7 9·7 8·7 9·9 9·0 10·5 9·3 10·0 9·2
Confectioneries (g) 25·0 46·1 24·0 45·1 23·3 45·5 21·1 44·4 18·5 42·3 29·0 44·9 32·1 48·5 32·6 48·7 31·5 49·6 28·2 47·4
Beverages (g) 869·8 602·9 871·6 584·1 860·8 595·1 863·6 607·9 789·9 579·4 722·4 471·7 712·4 448·6 690·1 447·8 669·6 435·6 606·9 417·7
Alcohol beverages (g) 185·9 365·9 213·5 367·3 228·0 392·2 244·8 398·8 238·8 390·1 47·9 165·4 51·7 161·9 59·7 196·7 59·0 186·3 61·5 180·8
Seasonings and spices (g) 75·3 83·0 93·7 87·3 106·3 94·2 121·0 103·4 141·6 125·0 62·7 69·8 77·9 73·5 85·2 75·0 96·0 80·3 110·2 96·7

* Simple linear regression analyses were used and all P< 0·001.
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Table 3. Characteristics of the nutrient intake of the participants according to quintile of sodium:potassium ratio
(Mean values and standard deviations)

Men Women

Quintile 1
(<1·36)
(n 3878)

Quintile 2
(1·36–1·69)
(n 3876)

Quintile 3
(1·70–2·04)
(n 3877)

Quintile 4
(2·05–2·53)
(n 3877)

Quintile 5
(≥2·54)*
(n 3878)

Quintile 1
(<1·25)
(n 5883)

Quintile 2
(1·25–1·55)
(n 5882)

Quintile 3
(1·56–1·87)
(n 5882)

Quintile 4
(1·88–2·31)
(n 5884)

Quintile 5
(≥2·32)*
(n 5883)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Energy (kcal)† 2120 550 2225 557 2282 572 2262 601 2178 643 1657 428 1782 440 1790 444 1806 452 1717 490
Protein (g) 77·1 24·0 80·3 24·2 81·4 24·0 79·5 24·3 73·6 24·8 63·0 20·0 67·6 20·4 67·3 20·1 67·2 20·3 62·3 21·0
Protein (% energy) 14·6 3·1 14·5 3·0 14·4 2·9 14·2 2·9 13·6 2·9 15·3 3·2 15·2 3·1 15·1 3·0 15·0 3·0 14·6 3·0
Fat (% energy) 23·7 7·2 24·4 7·1 24·4 7·2 24·3 7·3 24·0 7·4 25·9 7·4 26·8 7·1 26·7 7·2 26·9 7·4 26·4 7·8
Saturated fat (% energy) 6·3 2·5 6·3 2·4 6·3 2·4 6·2 2·4 6·3 2·6 7·1 2·8 7·3 2·7 7·2 2·7 7·2 2·7 7·1 2·8
n-3 PUFA (% energy) 1·1 0·7 1·1 0·6 1·1 0·6 1·1 0·6 1·0 0·6 1·1 0·7 1·1 0·6 1·1 0·6 1·1 0·6 1·0 0·6
n-6 PUFA (% energy) 4·2 1·8 4·4 1·7 4·4 1·7 4·4 1·7 4·3 1·7 4·4 1·9 4·6 1·8 4·6 1·8 4·7 1·8 4·7 1·9
Carbohydrate (% energy) 57·1 9·6 55·8 9·1 55·6 9·2 55·2 9·2 55·6 9·5 57·5 9·0 56·2 8·5 56·1 8·5 55·8 8·5 56·2 8·9
Dietary fibre (g) 18·0 8·3 16·9 7·6 16·0 6·6 14·9 6·1 12·8 5·6 17·1 7·9 16·3 7·3 15·3 6·4 14·5 6·2 12·4 8·2
Vitamin A (μg RE) 700 977 666 985 616 926 522 704 440 852 657 694 615 701 558 693 509 557 406 580
Thiamine (mg) 1·51 5·66 1·34 4·43 1·48 5·28 1·44 5·04 1·39 6·22 1·26 5·05 1·32 5·43 1·36 5·48 1·21 4·49 1·17 5·32
Riboflavin (mg) 1·49 1·54 1·49 2·16 1·79 18·18 1·44 2·03 1·30 1·82 1·46 3·37 1·47 4·17 1·43 2·96 1·52 14·80 1·35 5·83
Niacin (mg NE) 18·4 8·7 18·3 8·3 18·1 8·4 17·5 8·4 15·3 7·9 14·5 6·2 15·1 6·7 14·6 6·4 14·2 6·3 12·6 6·3
Vitamin B6 (mg) 1·98 5·18 1·71 3·74 1·81 4·45 1·69 4·53 1·40 5·18 1·65 4·48 1·67 5·22 1·70 5·76 1·50 4·65 1·24 4·32
Vitamin B12 (μg) 7·3 7·6 7·9 8·8 8·0 7·9 7·8 8·2 6·8 8·4 5·7 5·8 6·4 6·5 6·3 6·7 6·4 6·9 5·5 6·5
Folate (μg) 375 188 358 183 337 158 307 143 258 145 348 163 333 151 312 141 293 135 243 124
Vitamin C (mg) 145 129 126 131 114 115 96 109 72 96 157 195 139 150 124 149 113 164 83 142
Na (mg) 3208 1164 4133 1325 4722 1454 5239 1693 5965 2127 2681 955 3505 1070 3975 1240 4474 1443 5056 1809
K (mg) 2968 1077 2749 952 2570 842 2345 811 1909 733 2720 1010 2558 883 2371 827 2199 781 1785 722
Ca (mg) 602 300 574 283 543 265 506 255 459 246 586 296 567 275 533 264 504 247 434 236
Mg (mg) 301 110 293 101 286 95 270 91 238 88 264 102 260 91 250 86 241 84 212 81
Fe (mg) 8·8 3·6 9·0 3·6 8·9 3·3 8·6 3·2 8·0 5·9 8·1 5·2 8·2 4·2 8·1 5·3 8·0 7·5 7·1 3·0
Zn (mg) 9·1 3·0 9·5 3·1 9·6 3·1 9·3 3·2 8·6 3·2 7·3 2·4 7·8 2·5 7·8 2·6 7·7 2·5 7·1 2·5
Cu (mg) 1·38 0·48 1·38 0·54 1·37 0·46 1·32 0·45 1·19 0·44 1·15 0·42 1·16 0·39 1·15 0·40 1·12 0·37 1·01 0·37

RE, retinol equivalents; NE, niacin equivalents.
* Simple linear regression analyses were used and all P< 0·001.
† To convert kcal to kJ, multiply by 4·184.
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Table 4. Adjusted systolic blood pressure (SBP), diastolic blood pressure (DBP), HbA1c, total cholesterol (TC), HDL-cholesterol and non-HDL-cholesterol levels according to quintile of sodium:potassium ratio*
(Least square mean values and 95 % confidence intervals)

Men (n 19 386) Women (n 29 414)

Crude model Model 1† Model 2‡ Crude model Model 1† Model 2‡

Lsmean 95% CI Lsmean 95% CI Lsmean 95% CI Lsmean 95% CI Lsmean 95% CI Lsmean 95% CI

SBP
Quintile 1 132·1 131·5, 132·6 130·3 129·8, 130·8 131·8 119·6, 144·0 125·3 124·8, 125·8 123·5 123·1, 123·9 127·3 122·6, 132·0
Quintile 2 132·5 132·0, 133·1 131·9 131·3, 132·4 133·1 120·9, 145·3 124·7 124·2, 125·2 123·8 123·4, 124·2 127·3 122·7, 132·0
Quintile 3 131·7 131·1, 132·2 131·7 131·1, 132·2 132·7 120·5, 145·0 124·1 123·6, 124·6 123·8 123·4, 124·3 127·3 122·6, 131·9
Quintile 4 131·9 131·3, 132·5 132·6 132·1, 133·1 133·4 121·2, 145·6 124·6 124·1, 125·1 125·1 124·7, 125·6 128·4 123·7, 133·1
Quintile 5 132·0 131·4, 132·6 133·8 133·3, 134·4 134·5 122·3, 146·7 123·1 122·6, 123·6 125·6 125·2, 126·0 128·7 124·0, 133·3
Pfor trend 0·424 <0·001 <0·001 <0·001 <0·001 <0·001

DBP
Quintile 1 81·6 81·2, 81·9 81·2 80·8, 81·5 78·7 70·5, 87·0 76·7 76·4, 76·9 76·0 75·8, 76·3 80·2 77·1, 83·2
Quintile 2 82·0 81·7, 82·4 81·9 81·5, 82·2 79·2 71·0, 87·5 76·6 76·3, 76·9 76·3 76·0, 76·5 80·3 77·2, 83·3
Quintile 3 81·5 81·1, 81·8 81·5 81·1, 81·8 78·7 70·4, 87·0 76·2 75·9, 76·5 76·1 75·9, 76·4 80·1 77·1, 83·1
Quintile 4 81·8 81·5, 82·2 82·0 81·6, 82·3 79·1 70·9, 87·4 76·4 76·1, 76·7 76·6 76·3, 76·9 80·5 77·5, 83·5
Quintile 5 81·9 81·6, 82·3 82·3 82·0, 82·7 79·6 71·3, 87·8 75·8 75·6, 76·1 76·7 76·4, 76·9 80·6 77·5, 83·6
Pfor trend 0·403 <0·001 0·008 <0·001 <0·001 0·015

HbA1c
Quintile 1 5·46 5·43, 5·48 5·41 5·39, 5·43 5·45 4·96, 5·94 5·42 5·40, 5·43 5·39 5·37, 5·40 5·45 5·30, 5·60
Quintile 2 5·45 5·43, 5·48 5·44 5·42, 5·46 5·49 5·00, 5·97 5·41 5·39, 5·42 5·39 5·38, 5·40 5·46 5·31, 5·61
Quintile 3 5·43 5·40, 5·45 5·43 5·40, 5·45 5·48 4·99, 5·97 5·40 5·38, 5·41 5·39 5·38, 5·41 5·47 5·32, 5·62
Quintile 4 5·40 5·38, 5·43 5·42 5·40, 5·44 5·49 5·00, 5·98 5·37 5·36, 5·39 5·38 5·37, 5·40 5·47 5·32, 5·62
Quintile 5 5·39 5·37, 5·41 5·44 5·42, 5·46 5·50 5·01, 5·99 5·34 5·32, 5·35 5·38 5·37, 5·39 5·47 5·32, 5·62
Pfor trend <0·001 0·259 0·003 <0·001 0·325 0·003

TC
Quintile 1 201·3 200·2, 202·4 201·0 199·9, 202·1 199·4 173·7, 225·0 212·3 211·4, 213·2 216·9 207·2, 226·7 219·2 209·6, 228·8
Quintile 2 201·6 200·5, 202·7 201·5 200·4, 202·6 199·5 173·8, 225·1 209·9 209·0, 210·8 215·6 205·8, 225·3 218·8 209·2, 228·4
Quintile 3 201·8 200·7, 202·9 201·8 200·7, 202·9 199·8 174·1, 225·4 208·8 207·8, 209·7 215·5 205·8, 225·3 218·2 208·6, 227·8
Quintile 4 200·1 199·0, 201·2 200·2 199·1, 201·3 198·2 172·6, 223·9 206·3 205·4, 207·3 214·3 204·5, 224·1 217·0 207·4, 226·6
Quintile 5 200·0 198·8, 201·1 200·2 199·1, 201·4 198·8 173·2, 224·5 202·8 201·9, 203·7 213·7 203·9, 223·5 216·1 206·6, 225·7
Pfor trend 0·020 0·127 0·214 <0·001 <0·001 <0·001

HDL-cholesterol
Quintile 1 56·9 56·4, 57·3 57·0 56·5, 57·4 50·4 39·5, 61·2 67·7 67·3, 68·1 68·0 67·6, 68·4 69·2 64·9, 73·5
Quintile 2 56·9 56·4, 57·3 56·9 56·4, 57·4 50·0 39·2, 60·9 67·3 66·9, 67·7 67·5 67·1, 67·9 68·8 64·5, 73·1
Quintile 3 56·8 56·4, 57·3 56·8 56·4, 57·3 49·8 39·0, 60·7 66·8 66·4, 67·2 66·8 66·5, 67·2 68·1 63·8, 72·4
Quintile 4 56·2 55·8, 56·7 56·2 55·7, 56·7 49·3 38·5, 60·1 66·3 65·9, 66·7 66·2 65·8, 66·6 67·8 63·5, 72·1
Quintile 5 56·6 56·1, 57·0 56·5 56·0, 57·0 50·1 39·2, 60·9 65·4 65·0, 65·8 65·0 64·6, 65·4 67·1 62·8, 71·4
Pfor trend 0·123 0·040 0·073 <0·001 <0·001 <0·001

Non-HDL-cholesterol
Quintile 1 144·4 143·3, 145·6 144·0 142·9, 145·2 149·0 122·3, 175·7 144·6 143·6, 145·5 141·9 141·0, 142·8 147·7 138·0, 157·5
Quintile 2 144·7 143·6, 145·9 144·6 143·4, 145·7 149·4 122·7, 176·1 142·6 141·6, 143·5 141·2 140·3, 142·1 146·8 137·1, 156·5
Quintile 3 144·9 143·8, 146·1 144·9 143·8, 146·1 149·9 123·2, 176·6 142·0 141·0, 142·9 141·6 140·7, 142·5 147·4 137·7, 157·2
Quintile 4 143·9 142·7, 145·0 144·0 142·8, 145·2 148·9 122·2, 175·6 140·0 139·1, 141·0 140·8 140·0, 141·7 146·5 136·8, 156·2
Quintile 5 143·4 142·2, 144·5 143·8 142·6, 144·9 148·8 122·1, 175·5 137·4 136·4, 138·3 140·9 140·0, 141·8 146·6 136·9, 156·4
Pfor trend 0·114 0·547 0·639 <0·001 0·096 0·077

* Na:K ratio: quintile 1 (<1·36 for men, <1·25 for women), quintile 2 (1·36–1·69 for men, 1·25–1·55 for women), quintile 3 (1·70–2·04 for men, 1·56–1·87 for women), quintile 4 (2·05–2·53 for men, 1·88–2·31 for women) and quintile 5 (≥2·54 for
men, ≥2·32 for women).

† Adjusted for age.
‡ Adjusted for age, BMI, smoking status, number of steps, alcohol intake amount, intake of protein and SFA, and survey year.
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The results of the multivariate logistic regression analyses to
determine OR of hypertension, high HbA1c levels, hypercholes-
terolaemia, low HDL-cholesterol levels and high non-HDL-
cholesterol levels according to quintile of dietary Na:K ratio by
sex are shown in Table 5. We found that out of all participants,
7070 (14·5 %) had hypertension, 860 (1·76 %) had high HbA1c
levels, 2524 (5·17 %) had hypercholesterolaemia, 2178 (4·46 %)
had low HDL-cholesterol levels and 4484 (9·19 %) had high
non-HDL-cholesterol levels. Association was observed between
higher Na:K ratio and higher prevalence of hypertension
(OR 1·27; 95 % CI 1·15, 1·40 in the fifth quintile; Pfor trend

< 0·001 for men and OR 1·12; 95 % CI 1·01, 1·23 in the fifth
quintile; Pfor trend= 0·007 for women). Higher Na:K ratio was also
associated with higher prevalence of high HbA1c levels in men
(OR 1·56; 95 % CI 1·24, 1·96 in the fifth quintile; Pfor trend< 0·001).
Higher prevalence of low HDL-cholesterol levels occurred with
higher Na:K ratios in the fifth quintile for both men (OR 1·17;
95 % CI 1·01, 1·36; Pfor trend= 0·002) and women (OR 1·50;
95 % CI 1·18, 1·89; Pfor trend< 0·001). In women, no significant
difference in OR of hypercholesterolaemia was observed in
the fifth quintile of Na:K ratio; however, a decreasing trend
according to quintile was observed (Pfor trend= 0·022).
Regarding high non-HDL-cholesterol levels, no significant
associations were observed between Na:K ratio in either men
or women.

Discussion

We investigated dietary Na:K ratio association with risk factors of
CVD among Japanese adults, using the nationwide NHNS data
from 2003 to 2017. Dietary Na:K ratio decreased in both men
and women from 2003 to 2017. In the present study, a higher
dietary Na:K ratio showed a positive association with CVD risk
factors for hypertension and low HDL-cholesterol levels in both
men and women, and high HbA1c levels in men. Individuals
with a higher dietary Na:K ratio had lower consumption of
almost all foods (potatoes, legumes, nuts, vegetables, fruits,
mushrooms, fishes, milk and milk products, and confectioner-
ies), beverages and almost all nutrients, such as protein, dietary
fibre, vitamins and minerals. They also had higher consumption
of cereals, meats, eggs and seasonings.

Dietary Na:K ratio, Na intake and K intake all decreased
among both men and women from 2003 to 2017. Due to the
greater decrease in Na intake than that of K, an annual decrease
in dietary Na:K ratio was observed. In China, dietary Na:K ratio,
assessed by three consecutive 24-h dietary recalls of condiment
and food weights based on data from the China Health and
Nutrition Survey, decreased from 1991 to 2009(8), which is
consistent with the results of the present study. In East Asia,
particularly in Japan, high salt intake, greater than that of
Western countries, is a public health problem(13). Against this
background, population-based projects for reducing salt intake
are being implemented at national and local government levels,
and by food companies in Japan and other countries(32–34). These

projects for reducing salt intake might have already led to a
decrease in Na:K ratio in Japan. Major food sources of salt for
the Japanese are seasonings(35). In particular, traditional
Japanese seasonings such as shoyu (soya sauce) and miso
(fermented soya bean paste) have a higher Na content than other
seasonings(36). However, we previously noted that, based on the
NHNS data, larger portion sizes of soya sauce or miso were not
associated with elevated BP levels among Japanese adults who
typically have a higher intake of vegetables, soya products and
mushrooms(14). In contrast, the food source of salt varies with
age; for example, the proportion of adults consuming miso
was higher in the elderly, and the proportions of those consum-
ing Chinese noodles and Japanese curry roux were higher
among the younger age groups(37). Moreover, the intake of
vegetables containing a lot of K varies with age, as well(34).
Therefore, an age-specific approach is needed to lower Na
intake, increase K intake and lower the Na:K ratio, especially
for the Japanese.

In this study, a higher dietary Na:K ratio was associated
with higher SBP and DBP levels and with higher prevalence
of hypertension among men and women. The positive associa-
tion between dietary Na:K ratio and hypertension is consistent
with previous literatures, which showed Na:K ratio assessed
by diet or urine to be associated with BP levels or hyperten-
sion(8–10). In a Korean study, dietary Na:K ratio was positively
related with BP among men but not in women(38). Not only is
there a relationship between Na and K intake and BP levels,
our study suggests that a relationship also exists between the
Na:K ratio and BP levels among Japanese adults.

We found association between higher Na:K ratios and higher
prevalence of high HbA1c levels in men. A cohort study of the
general Chinese population reported that a higher dietary Na:K
ratio was associated with a higher risk of diabetes(11), which is
consistent with the results of our study. The study involving
Korean population suggested that a high Na:K ratio is related
to high insulin resistance and low insulin sensitivity(39).
A previous study has reported that the association between uri-
nary Na:K ratio and DBP was stronger in a group with a higher
homoeostasis model assessment of insulin resistance than with a
lower homoeostasis model assessment of insulin resistance(40).
The International Study of Macro-/Micro-nutrients and Blood
Pressure (INTERMAP Study) that included Japan, China, the
UK and the USA showed that urinary salt intake is positively
associated with BMI and the prevalence of overweight and
obesity(41). According to these findings, through increased body
weight caused by a higher dietary Na:K ratio, insulin resistance
was increased and might have impaired glucose tolerance, as
evidenced by elevated HbA1c levels. This study’s participants
in the highest quintile of dietary Na:K ratio consumed lower
amounts of potatoes and starches, legumes, vegetables, fruits,
mushrooms, and milk and dairy products than those in the
lowest quintile (Table 2). In a previous meta-analysis, higher
intake of vegetables, fruits and dairy was associated with
reduced risk for diabetes(42). Moreover, we previously showed
data based on the NHNS that the dietary pattern, characterised
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Table 5. Association between quintile of sodium:potassium ratio and hypertension, high HbA1c levels, hypercholesterolaemia, low HDL-cholesterol levels and high non-HDL-cholesterol levels*
(Odds ratios and 95% confidence intervals)

Men (n 19 386) Women (n 29 414)

No. of participants
cases/total

Crude model Model 1† Model 2‡
No. of participants

cases/total

Crude model Model 1† Model 2‡

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Hypertension
Quintile 1 1424/3878 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1455/5883 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.)
Quintile 2 1483/3876 1·07 0·97, 1·17 1·19 1·08, 1·31 1·15 1·05, 1·27 1384/5882 0·94 0·86, 1·02 1·02 0·93, 1·11 0·99 0·90, 1·08
Quintile 3 1376/3877 0·95 0·86, 1·04 1·11 1·01, 1·23 1·06 0·96, 1·17 1263/5882 0·83 0·76, 0·91 0·95 0·86, 1·04 0·91 0·83, 1·00
Quintile 4 1379/3877 0·95 0·87, 1·04 1·19 1·08, 1·31 1·11 1·00, 1·23 1369/5884 0·92 0·85, 1·00 1·15 1·05, 1·26 1·08 0·99, 1·19
Quintile 5 1408/3878 0·98 0·90, 1·08 1·37 1·24, 1·51 1·27 1·15, 1·40 1242/5883 0·81 0·75, 0·89 1·21 1·10, 1·32 1·12 1·01, 1·23
Pfor trend 0·150 <0·001 <0·001 <0·001 <0·001 0·007

High HbA1c levels
Quintile 1 152/3878 1·00 Ref. 1·00 Ref. 1·00 Ref. 116/5883 1·00 Ref. 1·00 Ref. 1·00 Ref.
Quintile 2 192/3876 1·28 1·03, 1·59 1·42 1·14, 1·77 1·40 1·12, 1·75 130/5882 1·12 0·87, 1·45 1·20 0·93, 1·55 1·18 0·92, 1·53
Quintile 3 171/3877 1·13 0·91, 1·41 1·33 1·06, 1·67 1·33 1·06, 1·67 126/5882 1·09 0·84, 1·40 1·21 0·94, 1·57 1·22 0·94, 1·59
Quintile 4 170/3877 1·12 0·90, 1·41 1·41 1·12, 1·77 1·39 1·11, 1·75 116/5884 1·00 0·77, 1·30 1·17 0·90, 1·52 1·13 0·87, 1·48
Quintile 5 175/3878 1·16 0·93, 1·45 1·60 1·28, 2·01 1·56 1·24, 1·96 120/5883 1·04 0·80, 1·34 1·38 1·06, 1·78 1·31 1·00, 1·71
Pfor trend 0·555 <0·001 <0·001 0·861 0·039 0·106

Hypercholesterolaemia
Quintile 1 518/3878 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1482/5883 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.)
Quintile 2 514/3876 0·99 0·87, 1·13 1·00 0·88, 1·14 0·98 0·86, 1·12 1348/5882 0·91 0·84, 1·00 0·96 0·87, 1·05 0·95 0·87, 1·04
Quintile 3 533/3877 1·03 0·91, 1·18 1·05 0·92, 1·19 1·04 0·91, 1·18 1283/5882 0·85 0·78, 0·93 0·92 0·84, 1·01 0·94 0·85, 1·03
Quintile 4 463/3877 0·88 0·77, 1·01 0·89 0·78, 1·02 0·88 0·77, 1·01 1342/5884 0·79 0·72, 0·86 0·88 0·81, 0·97 0·90 0·82, 0·99
Quintile 5 496/3878 0·95 0·83, 1·09 0·97 0·85, 1·11 0·96 0·84, 1·11 1258/5883 0·69 0·63, 0·76 0·86 0·78, 0·95 0·91 0·82, 1·00
Pfor trend 0·151 0·288 0·236 <0·001 <0·001 0·022

Low HDL-cholesterol levels
Quintile 1 417/3878 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 131/5883 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.)
Quintile 2 400/3876 0·96 0·83, 1·10 0·98 0·85, 1·13 1·00 0·86, 1·16 118/5882 0·90 0·70, 1·16 0·94 0·73, 1·21 0·92 0·72, 1·19
Quintile 3 410/3877 0·98 0·85, 1·13 1·02 0·88, 1·18 1·06 0·92, 1·23 138/5882 1·06 0·83, 1·34 1·14 0·90, 1·46 1·11 0·87, 1·42
Quintile 4 474/3877 1·16 1·01, 1·33 1·22 1·06, 1·41 1·23 1·06, 1·42 168/5884 1·29 1·02, 1·63 1·45 1·15, 1·84 1·35 1·07, 1·71
Quintile 5 477/3878 1·16 1·01, 1·34 1·26 1·09, 1·45 1·17 1·01, 1·36 183/5883 1·41 1·12, 1·77 1·75 1·39, 2·20 1·50 1·18, 1·89
Pfor trend 0·002 <0·001 0·002 <0·001 <0·001 <0·001

High non-HDL-cholesterol levels
Quintile 1 904/3878 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1399/5883 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.)
Quintile 2 913/3876 1·01 0·91, 1·13 1·02 0·92, 1·13 1·02 0·92, 1·13 1268/5882 0·88 0·81, 0·96 0·93 0·85, 1·01 0·91 0·83, 0·99
Quintile 3 897/3877 0·99 0·89, 1·10 1·00 0·90, 1·11 1·01 0·91, 1·12 1248/5882 0·86 0·79, 0·94 0·95 0·86, 1·03 0·94 0·86, 1·03
Quintile 4 881/3877 0·97 0·87, 1·08 0·97 0·88, 1·08 0·98 0·88, 1·09 1204/5884 0·83 0·76, 0·90 0·95 0·86, 1·03 0·93 0·85, 1·02
Quintile 5 889/3878 0·98 0·88, 1·09 0·99 0·89, 1·10 0·99 0·89, 1·10 1132/5883 0·76 0·70, 0·83 0·98 0·90, 1·08 0·97 0·88, 1·06
Pfor trend 0·454 0·590 0·617 <0·001 0·803 0·588

Ref., reference.
* Na:K ratio: quintile 1 (<1·36 for men,<1·25 for women), quintile 2 (1·36–1·69 for men, 1·25–1·55 for women), quintile 3 (1·70–2·04 for men, 1·56–1·87 for women), quintile 4 (2·05–2·53 for men, 1·88–2·31 for women) and quintile 5 (≥2·54 for men,≥2·32
for women).

† Adjusted for age.
‡ Adjusted for age, BMI, smoking status, number of steps, alcohol intake amount, intake of protein and SFA, and survey year.
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by higher frequent consumption of vegetables, mushrooms,
soyabeans and soyabean products, was associated with low
prevalence of high HbA1c levels(43). Therefore, we speculate
that the current observation regarding a higher dietary Na:K ratio
and increased risk of diabetes or high HbA1c levels was due to
the differences in intake of these food groups.

No significant difference in adjusted mean HDL-cholesterol
levels according to quintiles of dietary Na:K ratio was observed
among men; however, higher prevalence of low levels of
HDL-cholesterol (<40 mg/dl (1·03 mmol/l)) was observed with
higher Na:K ratio in both men and women. In healthy Korean
adults, dietary Na:K ratio was positively correlated with serum
TC and LDL-cholesterol levels, but not HDL-cholesterol
levels(44). Some previous studies in Chinese adults have shown
that a higher dietary Na:K ratio or urinary Na and K excretion
are associated with the metabolic syndrome, with low HDL-
cholesterol levels as one of the diagnostic criteria(45,46).
Furthermore, high dietary Na:K ratio increased the risk of stroke
or the total CVD risk in the general population(5–7). To enhance
public health in Japan, it is important to prevent the development
of risk factors that lead to CVD by emphasising behavioural
changes in dietary habits to reduce the Na:K ratio in light of
the findings of this study.

We observed an association between higher dietary Na:K
ratios and lower TC levels and a lower trend in the prevalence
of hypercholesterolaemia among women. TC levels are
generally higher in postmenopausal woman than in men, and
the findings of the NHNS in Japan support this, reporting higher
levels in women over the age of 50 years than men(16). The
association of dietary Na:K ratio with TC levels and hypercholes-
terolaemia may have been observed in females alone due to the
effects of female hormones. Moreover, factors that are not fully
considered as confounding factors, such as exercise habits (not
steps) and socio-economic factors, may affect the results. Further
studies in different populations are required to clarify the
association between the Na:K ratio and TC levels and
hypercholesterolaemia.

This study had some limitations. First, owing to the nature of
retrospective cross-sectional studies, this study was not able to
show causal associations between the Na:K ratio and CVD risk
factors. Having excluded participants using BP-lowering drugs,
insulin or oral hypoglycaemic agents, or cholesterol-lowering
drugs from this analysis, participants’ dietary habits were not
likely to be affected by medical treatment or dietary instruction.
Second, dietary intake assessed by self-administered dietary
recordsmight have been under- or over-reported. TheNa:K ratio
calculated from dietary records is more likely to be under- or
over-estimated, compared with an estimate that is made using
the 24-h urinary collection method, which is the gold standard
of Na and K intake estimation. Third, we calculated the dietary
Na:K ratio from dietary records of households with proportional
distribution within the house. Reliance on household represent-
atives to record dietary intakes in the survey might have resulted
in misreporting of various foods, since Japanese workers
typically eat out for lunch during the week. A previous
study investigated the validity of determining consumption by

individual family members through household-based and
individual-based food weighing methods and showed that total
energy and macronutrient consumption of individual partici-
pants showed a high level of agreement with the household-
based weighing methods(47). Therefore, dietary records from
households with proportional distribution are a valid method
to estimate individual intake in the NHNS, a large-scale survey.
Fourth, dietary records might not reflect the average individual’s
dietary habits, as this survey used dietary records from a single
weekday, while individual habitual dietary intakes naturally vary
between weekdays and weekends. However, we speculated
that NHNS data reflect habitual intake at the population level.
Finally, because there were participants who did not participate
in the physical examinations and BMI was unavailable for some
participants, it is possible that the BMI distribution among groups
for the dietary Na:K ratio might be unbalanced/unmatched.

In conclusion, the dietary Na:K ratio decreased among
Japanese adults from 2003 to 2017. Dietary Na:K ratio was
associated with increased prevalence of hypertension and low
HDL-cholesterol levels in both men and women, as well as high
HbA1c levels in men. Our findings suggest that lower dietary Na:
K ratio, which is higher K intake and lower Na intake, might help
in preventing some risk factors of CVD among Japanese people.
Further prospective studies are required to examine the associ-
ation between dietary Na:K ratio and risk of developing CVD.
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