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Reduction of dietary salt intake is a major public health goal
to decrease the risk of hypertension and related cardiovas-
cular disease. The WHO recommends a salt intake of less
than 5 g/day [1], the latest Dietary Reference Intakes for
Japanese recommends a salt intake of less than 8 g/day for
adult men and 7 g/day for women [2], and The Japanese
Society of Hypertension recommends less than 6 g/day for
adults [3]. Dietary salt intakes of Japanese adults have
steadily declined since 1995, when dietary salt intakes were
15.0 and 13.0 g/day for men and women, respectively.
However, intakes still exceed official recommendations at
11.0 and 9.2 g/day for men and women, respectively,
according to the 2015 National Health and Nutrition Survey,
Japan [4]. According to results from prior studies using urine
collections, salt intake ranges from 7.8 to 14 g/day [5–7].

Approaches to inform the public and raise awareness
about salt reduction have been intensively conducted. For
example, the annual report of the National Health and
Nutrition Survey, Japan [4], provides a list of food groups
contributing to salt intake, and “seasonings and spices”
ranks the highest at more than 60% of total salt intake.
Creating a healthy food environment is another effective
approach for population salt reduction, and this approach
includes food labeling. However, labeling alone may be
insufficient for consumer decisions, as we have previously
reported that food labeling with sodium content did not
result in a public understanding regarding the salt content of
foods [8]. Consumers aiming for salt reduction may be able
to select foods more adequately when the average salt

intake is shown along with the average intake of the specific
food item. To provide information on the major food items
contributing to high salt intake, we re-analyzed food intake
data from the 2012 National Health and Nutrition Survey.

Materials and methods

A survey dataset of individual food intake (1,487,018
records) from the 2012 National Health and Nutrition Sur-
vey (2012 NHNS) was re-analyzed with permission from
the Ministry of Health, Labour and Welfare, Japan. The
2012 NHNS dataset was chosen because the number of
survey households was nearly four-times larger than that of
the usual survey year. The dataset was limited to adults aged
20 or older who completed the 1-day dietary survey in 2012
(N= 26 726), which contained 895,494 individual records
of food intake. The sodium content of individual food items
was estimated by applying the Standard Food Composition
Tables 2010 [9]. Dietary salt intake (g) from foods was
estimated by the following equation: 2.54*sodium (mg)/
1000. For foods categorized as “cereals”, dried seaweeds,
and dried mushrooms, food weight was calculated as post-
cooked weight and multiplied by the factors shown in the
Standard Food Composition Tables 2010 [9]. The study
population was divided into the following three age cate-
gories: 20–39 years, 40–59 years, and 60 years or older.
Mean, standard deviation, median, 25th percentile and 75th
percentile values for dietary salt and food intake were cal-
culated for the day of survey for participants who consumed
a specific food item, and the food item list was limited to
items consumed by more than 1% of the population. To
compare salt intake for increasing age categories, PROC
SURVEYREGRESSION was applied because the 2012
NHNS survey households were sampled with stratified
cluster-sampling. To compare the rate of consumers of a
food item across age groups, the Cochran-Mantel-Haenszel
test was applied. Details of the 2012 NHNS dataset have
already been reported [10]. All analyses were conducted
using SAS 9.4 software.

* Hidemi Takimoto
thidemi@nibiohn.go.jp

1 National Institute of Health and Nutrition, National Institutes of
Biomedical Innovation, Health, and Nutrition, Tokyo, Japan

Electronic supplementary material The online version of this article
(https://doi.org/10.1038/s41440-017-0007-z) contains supplementary
material, which is available to authorized users.

12
34

56
78

90

http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-017-0007-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-017-0007-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-017-0007-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-017-0007-z&domain=pdf
https://doi.org/10.1038/s41440-017-0007-z


Ta
bl
e
1

M
ea
n
di
et
ar
y
sa
lt
in
ta
ke
s
by

se
x
an
d
ag
e
gr
ou

p A
ge

gr
ou

p
p
fo
r
tr
en
da

T
ot
al

20
–
39

yr
s

40
–
59

yr
s

60
yr
s+

N
M
ea
n

S
E

N
M
ea
n

S
E

N
M
ea
n

S
E

N
M
ea
n

S
E

M
en

12
26

5
11

.3
0.
1

27
93

10
.8

0.
1

36
94

11
.4

0.
1

57
78

11
.5

0.
1

<
0.
00

1

W
om

en
14

46
1

9.
6

0.
1

31
12

8.
9

0.
1

43
64

9.
6

0.
1

69
85

10
.0

0.
1

<
0.
00

1

T
ot
al

26
72

6
10

.4
0.
1

59
05

9.
8

0.
1

80
58

10
.4

0.
1

12
76

3
10

.7
0.
1

<
0.
00

1

a
ac
co
rd
in
g
to

ag
e
ca
te
go

ry

Ta
bl
e
2

F
oo

d
ite
m
s
co
nt
ri
bu

tin
g
to

to
p
20

sa
lt
in
ta
ke
s
am

on
g
ad
ul
t
Ja
pa
ne
se

A
ll
(N

=
26

72
6)

20
–
39

ye
ar
s
(N

=
59

05
)

40
–
59

ye
ar
s
(N

=
80

58
)

>
=
60

ye
ar
s
(N

=
12

76
3)

p
fo
r
tr
en
d
in

ag
e

gr
ou

p,
ra
te

of
co
ns
um

er
sb

F
oo

d
ite
m

a
It
em

N
o.

R
at
e
of

co
ns
um

er
s,
%

S
al
t
in
ta
ke

(g
)

pe
r
da
y
M
ea
n

(S
D
)

R
at
e
of

co
ns
um

er
s,
%

S
al
t
in
ta
ke

(g
)

pe
r
da
y
M
ea
n

(S
D
)

R
at
e
of

co
ns
um

er
s,
%

S
al
t
in
ta
ke

(g
)

pe
r
da
y
M
ea
n

(S
D
)

R
at
e
of

co
ns
um

er
s,
%

S
al
t
in
ta
ke

(g
)

pe
r
da
y
M
ea
n

(S
D
)

C
om

m
on

w
he
at
,
in
st
an
t
C
hi
ne
se

no
od

le
s,
dr
ie
d
by

fr
yi
ng

,
se
as
on

ed

10
56

1.
0

5.
5
(2
.0
)

1.
3

5.
4
(2
.1
)

1.
1

5.
6
(2
.1
)

0.
9

5.
4
(1
.7
)

0.
01

R
ou

x,
Ja
pa
ne
se

cu
rr
y
ro
ux

,
in
st
an
t

17
05

1
9.
5

2.
7
(1
.7
)

11
.8

2.
8
(1
.8
)

10
.9

2.
8
(1
.9
)

7.
5

2.
5
(1
.5
)

<
0.
01

S
oy

sa
uc
e,

"K
oi
ku

ch
i-
sh
oy

u"
(c
om

m
on

so
y
sa
uc
e)

17
00

7
82

.1
2.
2
(1
.9
)

79
.9

2.
0
(1
.7
)

82
.0

2.
1
(1
.8
)

83
.4

2.
4
(1
.9
)

<
0.
01

C
uc
um

be
r,
fr
ui
t,
pi
ck
le
s,

"N
uk

am
is
o-
zu
ke
"
(p
ic
kl
ed

in
sa
lty

ri
ce

br
an

pa
st
e)

60
68

1.
7

2.
0
(1
.6
)

0.
6

1.
7
(1
.1
)

1.
1

1.
8
(1
.3
)

2.
6

2.
2
(1
.6
)

<
0.
01

M
um

e*
,
"U

m
eb
os
hi
"
(p
ic
kl
ed

an
d
dr
ie
d
m
um

e)
,
sa
lte
d
pi
ck
le
s

[*
S
yn

.
Ja
pa
ne
se

ap
ri
co
ts
]

70
22

9.
3

1.
9
(1
.4
)

7.
0

1.
7
(1
.2
)

9.
0

1.
8
(1
.3
)

10
.5

2.
0
(1
.5
)

<
0.
01

210 H. Takimoto et al.



Ta
bl
e
2
(c
on

tin
ue
d)

A
ll
(N

=
26

72
6)

20
–
39

ye
ar
s
(N

=
59

05
)

40
–
59

ye
ar
s
(N

=
80

58
)

>
=
60

ye
ar
s
(N

=
12

76
3)

p
fo
r
tr
en
d
in

ag
e

gr
ou

p,
ra
te

of
co
ns
um

er
sb

F
oo

d
ite
m

a
It
em

N
o.

R
at
e
of

co
ns
um

er
s,
%

S
al
t
in
ta
ke

(g
)

pe
r
da
y
M
ea
n

(S
D
)

R
at
e
of

co
ns
um

er
s,
%

S
al
t
in
ta
ke

(g
)

pe
r
da
y
M
ea
n

(S
D
)

R
at
e
of

co
ns
um

er
s,
%

S
al
t
in
ta
ke

(g
)

pe
r
da
y
M
ea
n

(S
D
)

R
at
e
of

co
ns
um

er
s,
%

S
al
t
in
ta
ke

(g
)

pe
r
da
y
M
ea
n

(S
D
)

M
is
o,

ri
ce
-k
oj
i
m
is
o,

lig
ht

ye
llo

w
ty
pe

17
04

5
47

.1
1.
9
(1
.3
)

41
.0

1.
7
(1
.1
)

45
.8

1.
8
(1
.2
)

50
.8

2.
0
(1
.4
)

<
0.
01

M
is
o,

ri
ce
-k
oj
i
m
is
o,

re
d
ty
pe

17
04

6
14

.5
1.
8
(1
.3
)

12
.2

1.
6
(1
.1
)

13
.8

1.
6
(1
.1
)

16
.0

1.
9
(1
.4
)

<
0.
01

S
oy

sa
uc
e,

"U
su
ku

ch
i-
sh
oy

u"
(l
ig
ht

co
lo
r
so
y
sa
uc
e)

17
00

8
13

.1
1.
6
(1
.5
)

9.
8

1.
7
(1
.7
)

11
.9

1.
4
(1
.4
)

15
.4

1.
7
(1
.6
)

<
0.
01

M
is
o,

in
st
an
t
m
is
o
so
up

,
P
as
te

ty
pe

17
05

0
4.
2

1.
6
(0
.9
)

4.
1

1.
6
(0
.9
)

4.
4

1.
6
(0
.8
)

4.
1

1.
6
(0
.9
)

0.
75

E
di
bl
e
sa
lt,

co
m
m
on

sa
lt,

so
di
um

ch
lo
ri
de

≥
99

%
17

01
2

81
.4

1.
6
(1
.5
)

86
.6

1.
7
(1
.6
)

85
.0

1.
6
(1
.5
)

77
.0

1.
5
(1
.4
)

<
0.
01

M
is
o,

ba
rl
ey
-k
oj
i
m
is
o

17
04

7
8.
7

1.
5
(1
.1
)

6.
7

1.
4
(1
.1
)

7.
9

1.
4
(1
.1
)

10
.3

1.
6
(1
.2
)

<
0.
01

M
is
o,

so
yb

ea
n-
ko

ji
m
is
o

17
04

8
1.
4

1.
4
(1
.0
)

1.
2

1.
3
(0
.8
)

1.
3

1.
4
(1
.1
)

1.
5

1.
5
(1
.0
)

0.
12

L
ea
f
m
us
ta
rd
,
"T

ak
an
a"
,
le
av
es
,

sa
lte
d
pi
ck
le
s

61
48

1.
3

1.
2
(1
.0
)

1.
1

1.
0
(0
.8
)

1.
1

1.
1
(0
.8
)

1.
5

1.
4
(1
.2
)

0.
01

E
di
bl
e
sa
lt,

re
fi
ne
d
sa
lt,

so
di
um

ch
lo
ri
de

≥
99

.5
%
,
co
nt
ai
ni
ng

m
ag
ne
si
um

ca
rb
on

at
e

17
01

4
1.
5

1.
2
(1
.4
)

1.
1

1.
2
(1
.4
)

1.
7

1.
2
(1
.5
)

1.
5

1.
2
(1
.3
)

0.
06

Ja
pa
ne
se

no
od

le
so
up

,
tr
ip
le
-

co
nc
en
tr
at
ed

(s
oy

sa
uc
e
ba
se
)

17
03

0
25

.6
1.
2
(1
.5
)

22
.0

1.
1
(1
.5
)

23
.7

1.
2
(1
.7
)

28
.5

1.
2
(1
.5
)

<
0.
01

F
is
h,

A
tk
a
m
ac
ke
re
l*
,

"H
ir
ak
ib
os
hi
"
(m

ild
sa
lte
d
an
d

se
m
i-
dr
ie
d
sp
lit
),
ra
w

[*
S
yn

.
A
ra
be
sq
ue

gr
ee
nl
in
g]

10
24

8
1.
0

1.
2
(0
.7
)

0.
8

1.
1
(0
.9
)

0.
9

1.
1
(0
.6
)

1.
1

1.
2
(0
.7
)

0.
03

5

F
is
h,

co
d,

w
al
le
ye

po
llo

ck
*,

"K
ar
as
hi
-m

en
ta
ik
o"

(s
al
te
d
ro
e

w
ith

re
d
ho

t
pe
pp

er
po

w
de
r)

[*
S
yn

.
A
la
sk
a
po

llo
ck
]

10
20

4
2.
1

1.
1
(1
.1
)

2.
3

1.
1
(1
.1
)

2.
3

1.
1
(1
.0
)

1.
9

1.
2
(1
.2
)

0.
05

82

F
is
h,

m
ac
ke
re
l,
pr
oc
es
se
d

pr
od

uc
ts
,
"S
hi
os
ab
a"

(p
la
in

sa
lte
d
fi
lle
t)

10
16

1
2.
9

1.
1
(0
.6
)

2.
3

1.
0
(0
.6
)

2.
7

1.
0
(0
.5
)

3.
4

1.
1
(0
.6
)

<
0.
01

Ja
pa
ne
se

no
od

le
so
up

,
no

n-
co
nc
en
tr
at
ed

(s
oy

sa
uc
e
ba
se
)

17
02

9
13

.5
1.
1
(1
.8
)

11
.9

1.
0
(1
.7
)

13
.3

1.
0
(1
.7
)

14
.3

1.
2
(1
.9
)

<
0.
01

C
hi
ne
se

ca
bb

ag
e,

he
ad
,
pi
ck
le
s,

sa
lte
d
pi
ck
le
s

62
35

4.
9

1.
0
(1
.0
)

1.
6

0.
8
(0
.7
)

3.
4

0.
9
(1
.0
)

7.
4

1.
1
(1
.1
)

<
0.
01

a
S
el
ec
te
d
fr
om

33
6
fo
od

ite
m
s
w
ith

m
or
e
th
an

26
6
co
ns
um

er
s
(1
%
<
=

of
th
e
to
ta
l
po

pu
la
tio

n)
b
C
oc
hr
an
-M

an
te
l-
H
ae
ns
ze
l
te
st

2012 National Health and Nutrition Survey 211



Results

As shown in Table 1, the mean salt intake increased sig-
nificantly with advancing age categories in men, women,
and the total adult population. In Table 2, food items con-
tributing to the top 20 salt intake sources of Japanese adults
are listed in descending order of the mean salt intake of
consumers. With the exception of instant Chinese noodles,
Japanese curry roux and edible salt, these food items were
mostly traditional Japanese foods, such as miso and soy
sauce. The rate of consumers of traditional seasonings
among adults <60 years was lower compared to that of the
highest age group; for example, the percentage of adults
consuming “miso, rice-koji miso, light yellow type” was
41.0, 45.8, and 50.8% for 20–39 years, 40–59 years, and
60+ years (p< 0.01), respectively. The rate of consumers of
instant Chinese noodles and Japanese curry roux was higher
among the younger age groups (p= 0.01 and <0.01,
respectively). The total list of frequently consumed food
items (consumed by 1% or more of the total adult popula-
tion) is provided in the Supplementary information.

Discussion

Through re-analyses of dietary record data from the 2012
NHNS, we were able to select the major food items con-
tributing to salt intake among the Japanese population. Our
results from the one-day survey were similar to a recent
study applying detailed 4-day dietary records and two 24-h
urine collections [11] conducted on 392 Japanese adults
aged 20–69 years. The present results provide further
detailed information regarding food items contributing to the
salt intake of Japanese adults. According to the recent dietary
intervention conducted on Japanese adults with high-normal
blood pressure and stage 1 hypertension, after 2 months of
undergoing a low-salt diet of 8 g/day, their salt intakes
resumed to pre-intervention levels at 4 months post-
intervention [12]. This result suggests the difficulty of
adhering to a low-salt diet without providing practical advice
for selecting low-salt foods. We hope that our study results
will help people aiming to reduce salt intake and food
manufacturers making efforts to produce low-salt foods.
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