
ORIGINAL ARTICLE

Current dietary salt intake of Japanese individuals
assessed during health check-up

Akiko Toda, Yuko Ishizaka, Mizuki Tani and Minoru Yamakado

Excess salt intake is a risk factor for increased blood pressure (BP) and hypertension. To prevent hypertension, the reduction

of salt intake is promoted in many countries. For people with hypertension or cardiovascular disease (CVD), a more severe

restriction of salt intake is indispensable. Japanese individuals consume high quantities of salt, and it is thus important to

determine the degree to which the salt intake of these individuals has been restricted. Here, we investigated the current level

of salt consumption of Japanese individuals using data obtained during annual health check-ups. A total of 10 762 individuals

were assessed who underwent annual health check-ups at our institution in 2011. The estimated daily salt intake (EDSI) was

calculated using spot urine samples. The average EDSI was 7.83±2.02 g per day. BP increased in proportion to the EDSI, and

multivariate logistic regression analysis showed that the EDSI was a significant and independent risk factor for hypertension. The

average EDSI of the subjects with hypertension or a history of CVD was higher than that of the subjects without these diseases.

The subjects who drank more heavily showed higher EDSIs. This study demonstrated that the average EDSI of the subjects

needing to restrict their salt intake because of past or present illnesses was high. To achieve adherence to the recommended

reduction of salt intake, more efforts are required.
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INTRODUCTION

Excess salt intake is a risk factor for the onset and development of
hypertension,1,2 and the restriction of salt intake has been shown to
lower the blood pressure (BP) and prevent hypertension.3–6 Salt
elimination, as stimulated by a diuretic agent, can also decrease BP.7

Many studies have shown that individuals with cardiovascular disease
(CVD) often consume more salt and that excess salt intake is a strong
risk factor for CVD.8–10 The restriction of salt intake is thus essential
for preventing the onset and recurrence of several hypertension-related
diseases.
Recommended salt intake values vary in different countries. For

example, in the United States, the recommended intake is 3.8 g per
day,11 and in the United Kingdom, it is 6 g per day.12 One of the
reasons for this difference is that the effects of salt intake reduction on
morbidity rate differ among races. For example, black individuals have
a high rate of hypertension and CVD,13,14 and salt intake restriction
among blacks is more beneficial compared with non-blacks.15 In
addition, environmental factors (such as an individual’s home and
community) and factors associated with socioeconomic status (such as
education and household income) influence salt intake.1,16

The Japanese Society of Hypertension Guidelines for the Manage-
ment of Hypertension (JSH2009) highly recommends that daily salt
intake should be below 6 g per day.17 However, according to a 2010
report by the Japanese Ministry of Health, Labor and Welfare, the

average daily intake among Japanese men is 11.4 g per day, and that
among Japanese women is 9.8 g per day.18 It is well known that salt
intake is high in Japan compared with other countries because
traditional Japanese seasonings, such as soy sauce, miso and dried
fish products, contain high amounts of salt.19 It has been reported that
the salt intake of Japanese individuals is associated with higher
incidences of stroke and CVD. Those consuming high levels of salt
(17 g per day) show a twofold higher risk of mortality due to stroke
compared to those consuming lower levels (10 g per day).20 An
additional study of Japanese individuals has shown that the multi-
variable hazard ratios of higher salt intake (8 g per day) to lower salt
intake (3 g per day) for stroke and CVD are 1.55 and 1.42,
respectively.21 Despite the clear need to reduce salt intake in the
Japanese population, it is difficult because of the salty local cuisine.
To achieve the effective reduction of salt intake, information

regarding the actual intake of Japanese individuals must be obtained,
and this was investigated in the present study.

METHODS

Study population
All subjects underwent annual health check-ups at The Center for Multiphasic
Health Testing and Services, Mitsui Memorial Hospital in Tokyo, Japan. The
number of healthy subjects who underwent an annual health check-up at our
institution in 2011 was 10 762.
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Data analysis
Information regarding sex, birth date, lifestyle and medical history for each
subject was obtained through a self-administered questionnaire and confirmed
through an interview with a physician. BP was measured twice using an
automatic device after several minutes of rest in a seated position. The average
value was used as the BP reading. Body height and weight were measured
during hospital visits. Body mass index was calculated using the following
equation: body weight (kg)/body height (m)2.
Blood and urine samples were collected after an overnight fast. The subjects

provided urine samples immediately after arriving at our institution at between
8:00 and 10:00 a.m. high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol, triglycerides, glucose and creatinine were measured enzyma-
tically. HbA1c was measured by latex agglutination immunoassay. Sodium was
measured by ion-selective electrode method. The estimated glomerular filtra-
tion rate was calculated using a version of the Modification of Diet in Renal
Disease equation modified for Japanese individuals as follows22: glomerular
filtration rate (mlmin–1 1.73 m–2)= 194× age–0.287 × serum creatinine (mg dl–1,
the enzymatic method)–1.094 × (0.739 if female).
The estimated daily salt intake (EDSI) was calculated using the following

equation23: EDSI (g per day)= 21.98 × ((natrium in urine/(creatinine in urine ×
10)) × (–2.04× age+14.89× body weight+16.14×body height− 2244.45)0.392 ×
0.0585.
This study was approved by the ethics committee of our institution, and

informed consent was obtained from each subject.

Statistical analysis
All statistical analyses were performed using SAS (Dr SPSS II, SAS Institute,
Cary, NC, USA). The statistical significance of the differences in the subjects’
characteristics was determined using an unpaired t-test or one-way analysis of
variance (ANOVA). Hazard ratios with 95% confidence intervals were
calculated using multivariate logistic regression analysis. A P-value of o0.05
was considered significant.

RESULTS

Study population
Our study population consisted of 10 762 subjects who underwent an
annual health check-up in 2011 (6452 men and 4310 women,
55.0± 10.7 years old). Their baseline characteristics are shown in
Table 1. A total of 1587 subjects were on medication for hypertension.

Correlation between BP and salt intake
The average salt intake was 7.83± 2.02 g per day; that of the
men was 8.00± 2.04 g per day, and that of the women was
7.58± 1.97 g per day.

The correlation between EDSI and BP is shown in Figure 1a.
The 1587 subjects taking medication for hypertension were excluded
from this analysis because it would have been strongly biased data
towards reduced BP. Both systolic BP (sBP) and diastolic BP (dBP)
were relevant to EDSI. One-way ANOVA demonstrated that these
correlations were significant (Po0.0001). For example, the
average sBP was 122.1± 17.7mmHg in subjects with an EDSI of 7 g
per day, and it was 131.5± 19.0mmHg in subjects with an EDSI
of 12 g per day.

Correlation between age and salt intake
The average salt intake according to age is shown in Figure 1b. Salt
intake gradually increased with age. For those subjects in their 20s, it
was 6.93± 2.36 g per day, whereas for those in their 70s, it was
8.03± 2.00 g per day. One-way ANOVA showed that salt intake was
significantly correlated with age (Po0.0001).

Association of several factors with hypertension
We examined the associations between hypertension and several
factors using multivariate logistic regression analysis (Table 2).
Hypertension was defined as sBP of above 140mmHg, a dBP of
above 90mmHg or the use of medication for hypertension. Out of
10 762 subjects, 3185 were classified as hypertensive. We adjusted for
gender, age, body mass index, triglycerides, low-density lipoprotein/
high-density lipoprotein cholesterol, HbA1c and glomerular filtration
rate as covariate factors and confirmed the absence of considerable
collinearity between variables using variable-by-variable Pearson’s
correlation coefficient analysis. After adjusting for these covariate
factors, we found that salt intake was a significant and independent
factor associated with hypertension, with an hazard ratio of 1.03 (95%

Table 1 Baseline characteristics of study population (n=10762)

Value± s.d. or %

Men (%)a 60.0

Age (years) 55.1±10.8

Body mass index (%) 22.8±3.3

Systolic blood pressure (mmHg) 123.0±18.1

Diastolic blood pressure (mmHg) 77.6±11.2

HDL-cholesterol (mg dl–1) 63.0±15.5

LDL-cholesterol (mg dl–1) 123.1±29.7

Triglyceride (mg dl–1) 113.1±87.1

HbA1c (NGSP) (%) 5.81±0.6

Blood sugar (mg dl–1) 100.4±18.3

eGFR (mlmin 1.73m–2) 76.0±13.9

Abbreviations: eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; s.d., standard deviation.
All patients participated in this study were Japanese.
aThe proportion of men was showed as percentage and others were showed as value.

Figure 1 (a) Relation of salt intake with systolic blood pressure (sBP) and
diastolic blood pressure (dBP). ANOVA showed that relevance of salt intake
to sBP and dBP were significant (Po0.0001). (b) Correlation between age
and salt intake. One-way ANOVA showed that relevance of salt intake to age
was significant (Po0.0001).
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CI 1.01–1.05, Po0.05). Other significant and independent risk factors
associated with hypertension were gender, age, body mass index,
triglycerides and low-density lipoprotein/high-density lipoprotein

cholesterol. Salt intake remained a significant and independent
risk factor after the addition of alcohol intake as a covariate
(Supplementary Information).

Comparison between salt intake of hypertensive subjects and that
of non-hypertensive subjects
In our comparison of subjects who took medication for hypertension
(n= 1587) with those who did not (n= 9175), we found that the
subjects taking hypertension medication consumed significantly more
salt (Figure 2A). Among those who did not take this type of
medication, the average EDSI was 7.77± 2.00 g per day, whereas that
of the subjects taking hypertension medication was 8.18± 2.24 g
per day (Po0.0001, unpaired t-test).

Comparison of salt intake of subjects with and without a history of
CVD
To investigate compliance with salt restriction among patients with a
history of CVD, we compared EDSIs between the subjects with and

Table 2 Factors associated with hypertension

Factor HR P-value CI (95%)

Estimated daily salt intake 1.03 o0.05* 1.01–1.05

Gender (men) 1.44 o0.001* 1.30–1.60

Age 1.06 o0.001* 1.06–1.07

BMI 1.25 o0.001* 1.23–1.27

Triglyceride 1.00 o0.001* 1.00–1.00

LDL/HDL cholesterol 0.80 o0.001* 0.74–0.85

HbA1c 1.06 0.11 0.99–1.15

eGFR 1.00 0.34 1.00–1.00

Abbreviations: BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular
filtration rate; HDL, high-density lipoprotein; HR, hazard ration; LDL, low-density.
*Po0.05 was considered statistically significant.

Figure 2 (A) Comparison between salt intake of subjects who were on medication for hypertension and subjects who weren’t. Unpaired t-test analysis showed
that these differences were statistically significant (Po0.0001). (B) Comparison of salt intake between subjects with a history of cardiovascular diseases
such as (a) stroke, (b) angina pectoris and (c) myocardial infarction, and subjects without those diseases. Unpaired t-test analysis showed that these
differences were statistically significant (stroke: Po0.005, angina pectoris: Po0.05, myocardial infarction: Po0.05).
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without a history of diseases such as stroke, angina pectoris and
myocardial infarction (Figure 2B). In all three disease groups, the
subjects with a history of disease consumed significantly more salt
than those with no history of disease. Unpaired t-test showed that
these differences were statistically significant. The EDSI of 10 718
subjects with no history of stroke was 7.82± 2.02 g per day, and that of
the subjects who had experienced stroke (n= 44) was 8.78± 2.40 g
per day (Po0.005). The EDSI of 10 614 subjects with no history of
angina pectoris was 7.82± 2.02 g per day, and that of the subjects who
had experienced angina pectoris (n= 148) was 8.16± 2.45 g per day
(Po0.05). The EDSI of 10 708 subjects with no history of myocardial
infarction was 7.82± 2.02 g per day, and that of the subjects with a
positive history (n= 54) was 8.41± 2.78 g per day (Po0.05).

Influences of alcohol and smoking on salt intake
We investigated whether alcohol and smoking had any effects on EDSI
and found that it was positively correlated with both the quantity and
the frequency of alcohol consumption (Figures 3a and b). The EDSI of
the subjects who did not drink alcohol (n= 2629) was 7.71± 2.45 g
per day, and that of the subjects who drank every day (n= 2395) was
8.06± 2.11 g per day. The EDSI gradually increased as the quantity of
alcohol consumption became greater; that of the subjects who
consumed o180ml per day was 7.76± 1.96 g per day, and that of
the subjects who consumed 4540ml per day was 8.01± 2.27 g
per day. One-way ANOVA showed that the frequency and quantity
of alcohol consumption were significantly associated with EDSI
(frequency of alcohol consumption: Po0.0001, quantity of alcohol
consumption: Po0.005)
With regard to smoking, the EDSI of the subjects who had quit

smoking was the greatest (8.11± 2.05 g per day) (Figure 3c). The
EDSIs of the subjects who smoked every day and that of the
nonsmokers were 7.52± 2.06 and 7.73± 1.97 g per day, respectively.

DISCUSSION

It is well known that increased salt intake is linked to high BP24. To
prevent hypertension and reduce BP, the reduction of salt intake is

essential. Here, we examined the present state of salt intake among
Japanese individuals and investigated the degree to which subjects
followed their physicians’ directions to restrict their intake to below
6 g per day. In Japan, hypertensive individuals are advised to reduce
their salt intake to below this level, and it is also the recommended
intake for those who have had stroke or CVD.17,18 The Dietary
Reference Intake for the general population in Japan has reported that
the target levels for men and women are o9.0 and o7.5 g per day,
respectively.18 The Japanese Ministry of Health, Labor and Welfare has
stated that the target intake will be decreased by 2015 to o8.0 g
per day for men and o7.0 g per day for women.
A disappointing finding of the present study was that the average

salt intake of the subjects who were on hypertension medication was
8.18± 2.24 g per day, and this value was higher than that of the
subjects who were not on this type of medication (7.77± 2.00 g
per day). Moreover, the intake of the subjects with a history of stroke,
angina pectoris or myocardial infarction was also higher than that of
the subjects with no history of these illnesses. These data suggest that
continued efforts are needed to achieve adherence to the restriction of
salt intake, especially for individuals with hypertension and for those
with a history of stroke or CVD.
Nevertheless, some encouraging data were revealed by the present

study. The salt intake of the younger subjects was lower than that of
the elderly subjects. This may have been because the younger subjects’
lifestyles, including diet, have become westernized, and Western
cuisine is less salty than that of Japan.19

The moderation of alcohol consumption is recommended for the
prevention of hypertension because a high level of alcohol intake is a
risk factor for elevated BP.25,26 A meta-analysis has shown that a
reduction in alcohol consumption induces significant decreases in sBP
and dBP, and a dose–response relationship was observed between the
percentage of alcohol reduction and the decrease in BP.27 Although
there have been few studies of the relationship between alcohol intake
and salt intake, our data showed that both the frequency and quantity
of alcohol intake are related to salt intake. Further examinations are
necessary, but one of the reasons why the reduction in alcohol intake

Figure 3 Correlation of salt intake with life style such as (a, b) alcohol and (c) smoking. One-way analysis of variance showed that relevance of salt intake to
frequency and quantity of alcohol was significant (frequency of alcohol: Po0.0001, quantity of alcohol: Po0.005), and relevance of salt intake to smoking
wasn’t significant.
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induced a decline in BP may have been decreased salt intake because
the foods that are often consumed when drinking alcohol are salty.
Therefore, a reduction in alcohol consumption may be effective for
preventing hypertension. It is also possible that the positive relation-
ship between alcohol intake and EDSI was influenced by the amount
of food consumed. In the present study, we found that body weight
was in direct proportion to the EDSI and that the subjects who
consumed higher amounts of alcohol had greater body weights (data
not shown). Similarly, gender may have influenced the association
between alcohol and salt intake. We found that the average EDSI of
the men was higher than that of the women. This finding may have
been due to a higher consumption of food by the men. Our data also
showed that more males than females were heavy drinkers. On the
basis of these results, we suggest that the high salt intake observed
among the heavy drinkers may have been the result of the greater
amount of food consumed.
BP was higher in the smokers than the nonsmokers. It has been

reported that after quitting smoking, subjects’ daytime BPs drop
significantly, whereas nighttime BPs do not change.28 In addition,
plasma concentrations of norepinephrine and epinephrine are reduced
in subjects after quitting smoking.29 These data suggest that the
elevation in BP induced by smoking depends on the impairment of
parasympathetic nervous function rather than excess of salt intake. We
did not observe a significant difference between the salt intake of the
smokers compared with that of the nonsmokers. Similar to the
aforementioned study, excess salt intake may not have caused the
smoking-related rise in BP.
There are several limitations of this study. The average EDSI was

7.83± 2.02 g per day, which is lower than the value reported by the
Japanese Ministry of Health, Labor and Welfare.18 This finding may
have been due to several factors; first, our subjects were not
representative of the general population. Individuals who undergo
annual health check-ups more diligently care for their health
compared with the general population. In addition, the day before
an annual health check-up, people often consume smaller and
healthier meals than usual. Second, we used a method based on the
measurement of urinary sodium excretion, which is recommended in
medical facilities.23 The data from the Japanese Ministry of Health,
Labor and Welfare were obtained using a highly reliable diet-recording
method. Values estimated from urine samples are typically lower than
those obtained using the diet-recording method, which is partially
because the entire volume of ingested salt is not excreted in urine
owing to the loss of sodium in the digestive tract and through
sweating. Moreover, our samples were collected in the morning. It has
been reported that the estimation of salt intake using a morning urine
sample is lower because less sodium is excreted in the morning.30

In conclusion, we examined the current salt intake of Japanese
individuals. Our data showed that the salt intake of the individuals
with hypertension and of those who had experienced stroke or CVD
was high. To achieve adherence to the recommended intake, further
efforts are necessary in this country.
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