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Abstract
Purpose of Review The purpose of this review was to examine the knowledge, attitudes and behaviours (KAB) related to dietary
salt intake among adults in high-income countries.
Recent Findings Overall (n = 24 studies across 12 countries), KAB related to dietary salt intake are low. While consumers are
aware of the health implications of a high salt intake, fundamental knowledge regarding recommended dietary intake, primary
food sources, and the relationship between salt and sodium is lacking. Salt added during cooking was more common than adding
salt to food at the table. Many participants were confused by nutrition information panels, but food purchasing behaviours were
positively influenced by front of package labelling.
Summary Greater emphasis of individual KAB is required from future sodium reduction programmes with specific initiatives
focusing on consumer education and awareness raising. By doing so, consumers will be adequately informed and empowered to
make healthier food choices and reduce individual sodium intake.
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Introduction

Globally, non-communicable diseases (NCDs) are the leading
cause of mortality and morbidity, with cardiovascular diseases
(CVDs) accounting for 17 million (48% of NCD deaths) [1].

Dietary sodium intake is a key determinant for increased
blood pressure (BP) and CVD risk, and evidence suggests
excess intake is associated with kidney disease and stomach
cancers [2–4]. For the prevention of disease, the World Health
Organisation (WHO) recommends that daily sodium intake
should not exceed 2 g per day (the equivalent of 5 g of salt)
[5]. However, most adults consume more than 10 g per day,
almost double the recommended maximum intake [6].

Mortality related to NCDs is projected to increase 15% by
2020 to 44 million deaths [1]. Given the determinants for
NCDs are largely modifiable, public health action is a priority.
In 2013, the WHO and Member States made a global com-
mitment to reduce population sodium intake by a relative 30%
by 2025, with the aim of reducing premature mortality by 25%
[7]. Since then, over 41 high-income countries globally have
created national sodium reduction strategies [7, 8••, 9••, 10].
In the UK, the national salt reduction programme resulted in a
30–45% reduction in the sodium content of foods available to
purchase in supermarkets since implementation in 2003 [11].

Because approximately 75% of dietary sodium in high-
income countries comes from processed foods [8••, 12], sodi-
um reduction initiatives have focused on the food industry
reducing the sodium content of processed foods, voluntary
and statutory regulations on nutrition information and front-
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of-package labelling, and taxation of foods high in sodium [4,
8••, 9••, 13, 14]. However, salt added at the table or during
food preparation (discretionary salt) (~ 15% of dietary salt) is
also important, and [8••, 12] reducing the global burden of
disease requires action across all levels, from individual
choice to policy [8••, 15]. Therefore, many sodium reduction
programmes have taken a multifaceted approach combining
the food industry interventions mentioned above with con-
sumer awareness campaigns to promote individual level be-
haviour change [8••, 9••, 15].

Behaviour change is complex, and understanding the
knowledge, attitudes and behaviours (KAB) related to dietary
salt use is key [8••, 12]. Nutrition knowledge and attitudes
together can influence consumers to change dietary behav-
iours [16, 17]. Measures for knowledge may be defined as
declarative (the awareness of things and processes, i.e. ‘what
is’), and procedural (the awareness of how to do things), with
attitudes/beliefs being defined as the perceived link between
two concepts [17]. Research assessing KAB related to dietary
salt have measured consumers knowledge of dietary recom-
mendations, food sources and diet-disease relationships; atti-
tudes towards salt reduction, health concerns and individual
intake; and behaviours related to salt use during cooking and
at the table and food purchasing choices [8••, 18].

Assessing the KAB of a population is important to inform
the direction of salt reduction programmes and awareness
campaigns [8••]. Measures taken at baseline, prior to the im-
plementation of a programme also provide the opportunity to
evaluate the impact and effectiveness of an intervention. Our
aim was to conduct a systematic review of the literature to
assess the knowledge, attitudes and behaviours related to die-
tary salt intake of adults in high-income countries.

Methods

This systematic review was based on the guidelines of the
Cochrane Collaboration [19].

The following were the outcomes of interest for this
review:

1. Knowledge related to dietary salt intake
2. Attitudes related to dietary salt intake
3. Behaviours related to dietary salt intake
4. Parental knowledge, attitudes and behaviours related to

dietary salt intake of children (under 18 years of age)

Inclusion Criteria

Studies included in this review met the following inclusion
criteria: (1) published in English, (2) published between
January 1950 and June 2018 inclusive, (3) reported

quantitative data on at least one outcome of interest (as listed
above), and (4) completed in a high income country as defined
by the World Bank [20]. The following study designs were
included: cross-sectional, longitudinal, and where available
baseline data were provided, intervention studies. Included
participants were healthy, adult participants (aged 18 years
and older) of all backgrounds.

Exclusion Criteria

Studies where participants were recruited from foodservice/
industry or hospital settings, or had been diagnosed with a
chronic disease were excluded because of their likelihood of
having greater knowledge, awareness and positive behaviours
related to dietary sodium intake.

Data Sources and Search Strategy

A systematic literature search was carried out across the fol-
lowing four scientific databases: MEDLINE (Ovid),
CINAHL-Plus, Scopus and Google Scholar using the key-
words: knowledge, awareness, perception, attitude, perspec-
tive, belief, behaviour, habit, practice, dietary salt, dietary so-
dium, discretionary salt, dietary intake and consumption. The
initial search strategy for MEDLINE (Supplementary
Information) was developed in consultation with a university
subject librarian and amended as appropriate for the other
databases.

Selection of Studies

Initial search results from electronic databases were exported
to Mendeley reference management system for review by the
first author. After removing duplicates, studies were screened
for potential inclusion based on titles and abstracts. Where
eligibility was uncertain, full texts were sought and reviewed.
The second and third authors were consulted where further
judgement regarding eligibility was required.

Data Extraction

Data extraction for included studies was completed by the
first author and overseen by the second and third authors.
The following information was extracted using a data col-
lection form which was first piloted on a small selection
of studies and revised accordingly: author, year, country,
aim, study design, recruitment method, sample character-
istics (sample size, proportion of female respondent’s age
range) and outcomes.
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Results

Description of Included Studies

Of the 736 studies identified by initial search results, 203 were
duplicates, and the remaining 533 were screened using titles
and abstracts (Fig. 1). Of these, 486 were excluded based on
their title and abstract and full texts of the remaining 47 studies
were then reviewed. Twenty-one further papers were excluded
because: KAB were not reported as outcomes of the review
(n = 12), participants were recruited from the foodservice in-
dustry (n = 2), the manuscript reported an intervention study
with no suitable baseline data (n = 3), and only qualitative
outcomes were reported (n = 4). Twenty-four unique studies
from 26 papers met the inclusion criteria and were included in
this review, as summarised in Fig. 1.

Table 1 provides a summary of the 24 studies included in
the review. Studies were conducted between 2001 and 2018
across 12 countries: eight from Australia [22, 25–28, 32, 41,
43], seven from the USA [24, 30, 33, 36, 38, 44, 45], two from
Canada [21, 37], and one each from the Baltics [39], Barbados
[29], Croatia [42], Greece [34], Ireland [40], New Zealand
[46], South America [23], South Korea [31] and the UK
[35]. All studies used a cross-sectional design. Participant re-
cruitment methods included use of internet consumer panels
(n = 10), random sampling via telephone listings (n = 4), elec-
toral rolls (n = 1), door-to-door recruitment (n = 1), or national
survey/population registers (n = 2), and convenience sampling
via snowballing (n = 1), email advertisements (n = 1), mail
consumer panel (n = 1), shopping centres (n = 2). One study

[27] used multiple recruitment methods including an Internet
consumer panel, social media advertising and convenience
sampling at shopping centres. Study sample sizes ranged from
76 to 7845 and participants were aged 18 to over 65 years. In
all studies, more than 50% of respondents were female (range
51–100%).

Studies used various measures for measuring KAB.
Questions included were developed in consultation with ex-
perts in the field or adapted from other previously adminis-
tered national health surveys such as the World Health
Organisation/Pan American Health Organisation (WHO/
PAHO) questionnaire on knowledge, attitudes and behaviour
related to dietary salt intake, the National Health and Nutrition
Examination Systems (NHANES), the Behavioural Risk
Factor Surveillance System (BRFSS), the Centres for
Disease Control and Prevention, Australian Division of
World Action on Salt and Health (AWASH) and Consensus
Action on Salt and Health (CASH). Only one Australian study
[41] reported using a validated questionnaire [18] to assess
knowledge related to dietary sodium intake.

Seventeen studies reported on all three concepts, i.e.
knowledge, attitudes and behaviours, four reported on knowl-
edge and behaviours, three on knowledge and attitudes, one
on attitudes only, and one on parental KAB. To assess KAB
related to dietary salt intake, studies reported on outcomes in
three ways: (1) by prevalence in the total study population
(n = 18; summarised in Table 2); (2) by difference in preva-
lence between sub-groups based on sociodemographic and
health characteristics (n = 12); and (3) associations between
knowledge and attitudes on salt-specific behaviours (n = 2).

Fig. 1 PRISMA flowchart of the
study selection process
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e
di
re
ct
or
y.

N
=
36
09
.

•
52
%

fe
m
al
e.

•
20

ye
ar
s
an
d

ol
de
r

K
no
w
le
dg
e

•
A
w
ar
e
so
di
um

in
ta
ke

re
co
m
m
en
da
tio

ns
ex
is
t(
33
%
),
aw

ar
e
of

ac
tu
al
re
co
m
m
en
de
d
in
ta
ke

(1
1%

).
•
A
w
ar
e
ex
ce
ss
so
di
um

in
ta
ke

m
ay

ca
us
e
m
aj
or

he
al
th
pr
ob
le
m
s

(9
5%

),
hi
gh

bl
oo
d
pr
es
su
re

(8
8%

m
al
es
,9
1%

fe
m
al
es
.

•
39
%

w
om

en
be
lie
ve
d
sa
lt
ad
de
d
du
ri
ng

co
ok
in
g
w
as

th
e
m
ai
n

di
et
ar
y
so
ur
ce
.

A
tti
tu
de
s

•
59
%

re
po
rt
ed

sa
lt
re
du
ct
io
n
w
as

ve
ry

im
po
rt
an
ti
n
th
ei
r
di
et
.

•
>
60
%

be
lie
ve
d
ch
ild

re
n
sh
ou
ld
co
ns
um

e
le
ss
sa
lt
co
m
pa
re
d
to

ad
ul
ts
.

•
Fo

od
la
be
lli
ng

pr
ef
er
en
ce
s
fo
r
bo
th

so
di
um

an
d
sa
lt

in
fo
rm

at
io
n
to

ap
pe
ar

on
fo
od

la
be
ls
,a
nd

to
be

re
po
rt
ed

as
sa
lt/
so
di
um

pe
r
se
rv
in
g
ra
th
er

th
an

pe
r
10
0
g/
m
l.

B
eh
av
io
ur

•D
is
cr
et
io
na
ry

sa
lt
us
e:
du
ri
ng

co
ok
in
g
(7
2%

),
at
th
e
ta
bl
e

(2
9%

).
•
A
ct
io
ns

to
re
du
ce

so
di
um

in
ta
ke
:a
vo
id
ed

pr
oc
es
se
d
fo
od
s

(7
8%

),
re
ad
in
g
nu
tr
iti
on

in
fo
rm

at
io
n
on

fo
od

pa
ck
ag
in
g

(2
5%

).
M
ar
sh
al
lS

.,
20
07
,

Sc
ot
la
nd
,U

K
[3
5]

In
ve
st
ig
at
e
th
e
ef
fe
ct
iv
en
es
s
of

co
ns
um

er
in
fo
rm

at
io
n
an
d

ad
vi
ce

is
su
ed

by
th
e
U
K
Fo

od
St
an
da
rd
s
A
ge
nc
y
(F
SA

)
in

te
rm

s
of

co
ns
um

er
un
de
rs
ta
nd
in
g.

•
C
ro
ss
-s
ec
tio
na
l.

•S
no
w
ba
ll
sa
m
pl
in
g.

N
=
11
8

•
A
ll
fe
m
al
e

•
18
–5
5
ye
ar
s

•
65
% pa
re
nt
/-

ca
re
gi
ve
r

K
no
w
le
dg
e

•
A
w
ar
e
ex
ce
ss

so
di
um

in
ta
ke

ca
n
ca
us
e:
os
te
op
or
os
is
(2
5%

),
hy
pe
rt
en
si
on

(7
9%

).
•
34
%

aw
ar
e
of

di
et
ar
y
sa
lt
in
ta
ke

re
co
m
m
en
da
tio

ns
.

•
32
%

ab
le
to

co
rr
ec
tly

na
m
e
an
ot
he
r
fo
rm

of
so
di
um

.
•
66
%

w
er
e
aw

ar
e
of

th
ei
r
sa
lt
in
ta
ke
.

A
tti
tu
de
s

•
89
%

ag
re
ed

th
ey

w
er
e
co
nc
er
ne
d
ab
ou
tt
he
ir
he
al
th

•
79
%

ag
re
ed

th
er
e
is
a
nu
tr
iti
on
al
ne
ed

fo
r
sa
lt,

an
d
th
at
th
ey

ne
ed

to
ea
ts
om

e
sa
lt

•
94
%

ag
re
ed

‘m
os
to

f
us

ea
tt
oo

m
uc
h
sa
lt’

•
31
%

ag
re
ed

sa
lt
‘m

ak
es

fo
od

ta
st
y’

B
eh
av
io
ur

•
D
is
cr
et
io
na
ry

sa
lt
us
e:
du
ri
ng

co
ok
in
g
(2
6%

)
•
31
%

ra
re
ly

re
ad

sa
lt
in
fo
rm

at
io
n
on

fo
od

la
be
ls
.

O
do
m

E
.C
.,
20
17
,

U
SA

[3
6]

U
nd
er
st
an
d
co
ns
um

er
re
ad
in
es
s
fo
r
so
di
um

-r
el
at
ed

po
lic
ie
s
to

lim
it
so
di
um

in
re
st
au
ra
nt
s,
pr
oc
es
se
d
fo
od
s
an
d
sc
ho
ol

an
d

w
or
kp
la
ce

ca
fe
te
ri
as
.

•
C
ro
ss
-s
ec
tio
na
l.

•
In
te
rn
et
co
ns
um

er
pa
ne
l.

N
=
78
45

•
51
%

fe
m
al
e

•
18

ye
ar
s
an
d

ol
de
r

A
tti
tu
de
s

•
A
gr
ee
d
w
ith

lim
iti
ng

th
e
am

ou
nt
of

so
di
um

in
re
st
au
ra
nt
fo
od
s

(4
6%

),
pr
oc
es
se
d
fo
od
s
(5
7%

).
•
Su

pp
or
tf
or

en
vi
ro
nm

en
t–
sp
ec
if
ic
po
lic
ie
s
to
re
du
ce

so
di
um

in
fo
od

pr
ep
ar
ed

in
sc
ho
ol

ca
fe
te
ri
as

(8
0%

),
w
or
kp
la
ce

ca
fe
te
ri
as

(7
1%

)
fa
st
-f
oo
d
re
st
au
ra
nt
s
(7
1%

).
Pa
pa
da
ki
s
S.
,2
01
0,

C
an
ad
a
[3
7]

E
xa
m
in
e
th
e
kn
ow

le
dg
e,
at
tit
ud
es

an
d
be
ha
vi
ou
rs
re
la
te
d
to

so
di
um

co
ns
um

pt
io
n
am

on
g
a
sa
m
pl
e
of

C
an
ad
ia
ns

35
to

50
ye
ar
s
of

ag
e.

•
C
ro
ss
-s
ec
tio
na
l.

•
R
an
do
m
-d
ig
it
sa
m
pl
in
g
vi
a

te
le
ph
on
e
lis
tin
gs
.

N
=
31
30

•
64
%

fe
m
al
e

•
35
–5
0
ye
ar
s

K
no
w
le
dg
e

•
A
w
ar
e
C
an
ad
ia
ns

co
ns
um

e
to
o
m
uc
h
so
di
um

(9
3%

),
be
lie
ve

th
ey

co
ns
um

ed
th
e
ri
gh
ta
m
ou
nt

of
so
di
um

(5
3%

).
•
90
%

aw
ar
e
pr
oc
es
se
d
fo
od
s
m
ai
n
di
et
ar
y
so
ur
ce

of
so
di
um

;
50
%

un
ab
le
to

id
en
tif
y
hi
gh

so
di
um

fo
od
s.

A
tti
tu
de
s

•
Im

po
rt
an
ce

of
re
du
ci
ng

so
di
um

in
ta
ke

(8
7%

),
th
e
am

ou
nt

of
sa
lt
ad
de
d
to

fo
od
s
(8
7%

),
re
du
ci
ng

th
e
am

ou
nt

of
pr
oc
es
se
d

fo
od
s
co
ns
um

ed
(9
2%

).
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T
ab

le
1

(c
on
tin

ue
d)

Fi
rs
ta
ut
ho
r,
ye
ar
,

co
un
tr
y

A
im

S
tu
dy

de
si
gn

re
cr
ui
tm

en
t

Sa
m
pl
e

ch
ar
ac
te
ri
st
ic
s

O
ut
co
m
es

B
eh
av
io
ur

•
H
ig
h
so
di
um

fo
od
s
co
ns
um

ed
on

av
er
ag
e
tw
o
or

m
or
e
tim

es
pe
r
m
on
th
.

•
72
%

ac
tiv

el
y
re
du
ci
ng

so
di
um

in
ta
ke
.

•
64
%

ch
ec
k
th
e
nu
tr
iti
on

fa
ct
s
on

th
e
pa
ck
ag
e
fo
r
so
di
um

co
nt
en
tb

ef
or
e
ch
oo
si
ng

a
fo
od
.

•
Pa
rt
ic
ip
an
ts
st
ro
ng
ly

ag
re
ed

or
ag
re
ed

it
w
ou
ld

be
ex
tr
em

el
y

ea
sy

to
lim

it
th
e
am

ou
nt

of
sa
lt
th
ey

ad
de
d
to

fo
od

(8
4%

),
re
du
ce

th
e
am

ou
nt
of

pr
oc
es
se
d
fo
od
s
th
ey

at
e
(8
1%

),
re
du
ce

th
e
am

ou
nt

of
so
di
um

th
ey

at
e
(8
1%

)
in

th
e
ne
xt

6
m
on
th
s.

•
A
gr
ee
m
en
tt
o
re
du
ce

so
di
um

in
ta
ke

w
ith

in
6
m
on
th
s
by

lim
iti
ng

th
e
am

ou
nt
of

sa
lt
ad
de
d
to
fo
od

(7
4%

),
re
du
ci
ng

th
e

am
ou
nt

of
pr
oc
es
se
d
fo
od
s
co
ns
um

ed
(7
9%

).
Pa
te
lD

.,
20
17
,U

SA
[3
8]

D
es
cr
ib
e
th
e
pr
ev
al
en
ce

an
d
de
te
rm

in
an
ts
of

so
di
um

-r
el
at
ed

kn
ow

le
dg
e
at
tit
ud
es

an
d
be
ha
vi
ou
rs
am

on
g
U
S
ad
ul
ts

•
C
ro
ss
-s
ec
tio
na
l.

•
In
te
rn
et
co
ns
um

er
pa
ne
l.

N
=
61
22

•
51
%

fe
m
al
e

•
18

ye
ar
s
an
d

ol
de
r

K
no
w
le
dg
e

•
A
w
ar
e
of

di
et
ar
y
so
ur
ce
s
of

so
di
um

:d
is
cr
et
io
na
ry

sa
lt
(3
3%

),
pr
oc
es
se
d
or

re
st
au
ra
nt

fo
od
s
(5
4%

).
A
tti
tu
de
s

•
A
w
ar
e
ea
tin
g
to
o
m
uc
h
sa
lt/
so
di
um

is
so
m
ew

ha
th

ar
m
fu
lt
o

he
al
th

(3
9%

).
•
22
%

ad
vi
se
d
to

re
du
ce

so
di
um

in
ta
ke
.

•
56
%

re
sp
on
de
nt
s
ag
re
ed

th
ey

w
an
tt
o
ea
ta

lo
w
-s
od
iu
m

di
et
.

•
53
%

pr
ef
er

lo
w
so
di
um

op
tio
ns

w
he
n
ea
tin
g
ou
t.

B
eh
av
io
ur

•
45
%

cu
rr
en
tly

ta
ki
ng

ac
tio
n
to

re
du
ce

so
di
um

in
ta
ke
.

•
A
ct
io
ns

to
re
du
ce

so
di
um

in
ta
ke
:c
ho
os
e
lo
w
so
di
um

fo
od
s
or

sn
ac
ks

(3
4%

),
us
e
m
or
e/
ot
he
rs
pi
ce
s
th
an

sa
lt
to
ad
d
fl
av
ou
rt
o

fo
od

(4
2%

),
re
qu
es
tl
ow

er
-s
od
iu
m

op
tio
ns

w
he
n
ea
tin

g
ou
t

(7
%
),
ch
ec
k
nu
tr
iti
on

la
be
ls
fo
r
so
di
um

co
nt
en
t(
36
%
),
ea
ta

di
et
ri
ch

in
fr
ui
ts
an
d
ve
ge
ta
bl
es

w
ith

no
ad
de
d
sa
lt
(3
1%

),
bu
yi
ng

fo
od
s
la
be
lle
d
lo
w
so
di
um

(3
5%

).
Po

m
er
le
au

J.
,2
00
1,

E
st
on
ia
,L

at
vi
a,

L
ith

ua
ni
a
[3
9]

E
xa
m
in
ed

se
le
ct
ed

di
et
ar
y
be
lie
fs
in
th
e
B
al
tic

co
un
tr
ie
s
an
d
th
e

as
so
ci
at
io
n
of

be
lie
fs
re
la
te
d
to

sa
lt
in
ta
ke

an
d
to
ty
pe
s
of

fa
t

w
ith

fo
od

be
ha
vi
ou
rs
.

•
C
ro
ss
-s
ec
tio
na
l.

•
R
an
do
m

sa
m
pl
in
g
vi
a

na
tio

na
lp

op
ul
at
io
n

re
gi
st
er
s.

N
=
64
79

•
E
st
on
ia

n
=
20
18
,

L
at
vi
a

n
=
23
08
,

L
ith
ua
ni
a

n
=
21
53

•
%

fe
m
al
e:

E
st
on
ia
71
%
,

L
at
vi
a
78
%
,

L
ith
ua
ni
a

76
%

•
18
–6
5
ye
ar
s

K
no
w
le
dg
e

•
B
el
ie
f
th
at
to
o
m
uc
h
di
et
ar
y
sa
lt
ca
n
ha
ve

po
ss
ib
le
ha
rm

fu
l

ef
fe
ct
s
on

he
al
th
:E

st
on
ia
73
%
,L

ith
ua
ni
a
71
%
,L

at
vi
a
66
%

•
E
du
ca
tio
n
le
ve
la
nd

in
co
m
e
po
si
tiv

el
y
as
so
ci
at
ed

w
ith

th
e

be
lie
f
th
at
sa
lt
ca
n
ha
ve

he
al
th

co
ns
eq
ue
nc
es
.

B
eh
av
io
ur

•
H
ig
he
r
pr
op
or
tio

n
of

m
en

fr
om

L
at
vi
a
(7
8%

)
re
po
rt
ed

us
in
g

sa
lt
at
th
e
ta
bl
e
at
le
as
to

cc
as
io
na
lly

co
m
pa
re
d
w
ith

E
st
on
ia

(5
7%

)
an
d
L
ith

ua
ni
a
(6
3%

).
•
W
om

en
re
po
rt
ed

ad
di
ng

sa
lt
at
th
e
ta
bl
e
le
ss
fr
eq
ue
nt
ly
(L
at
vi
a

59
%
,E

st
on
ia
48
%
,L

ith
ua
ni
a
44
%
).

•
O
ld
er
pa
rt
ic
ip
an
ts
(>

50
ye
ar
s)
le
ss
lik
el
y
to
re
po
rt
us
in
g
sa
lt
at

th
e
ta
bl
e.

R
eg
an

A
.,
20
15
,

Ir
el
an
d
[4
0]

In
ve
st
ig
at
e
th
e
at
tit
ud
es

an
d
be
lie
fs
of

co
ns
um

er
s
to
w
ar
ds

sa
lt

re
du
ct
io
n
an
d
th
ei
r
su
pp
or
tf
or

13
di
ff
er
en
tg

ov
er
nm

en
t-
le
d

sa
lt
re
du
ct
io
n
po
lic
ie
s

•
C
ro
ss
-s
ec
tio
na
l.

•
In
te
rn
et
co
ns
um

er
pa
ne
l.

N
=
50
1

•
53
%

fe
m
al
e

•
18

ye
ar
s
an
d

ol
de
r

•
34
% pa
re
nt
/-

ca
re
gi
ve
r
of

ch
ild

un
de
r

17
ye
ar
s

K
no
w
le
dg
e

•
A
w
ar
en
es
s
of

di
et
ar
y
so
ur
ce
s
of

so
di
um

:p
ro
ce
ss
ed

fo
od
s

(6
5%

),
di
sc
re
tio

na
ry

sa
lt
(3
5%

).
•
A
w
ar
e
of

th
e
re
la
tio
ns
hi
p
be
tw
ee
n
sa
lt
an
d
so
di
um

:s
al
t

co
nt
ai
ns

so
di
um

(4
4%

),
th
ey

ar
e
ex
ac
tly

th
e
sa
m
e
(3
4%

).
•
28
%

un
aw

ar
e
of

re
co
m
m
en
de
d
m
ax
im

um
da
ily

in
ta
ke
;2

4%
an
sw

er
ed

3–
5
g,
10
%

6
g

A
tti
tu
de
s

•
In
te
nt
io
n
to

lo
w
er

so
di
um

in
ta
ke
:a
lr
ea
dy

lo
w
er
ed

so
di
um

in
ta
ke

(2
7%

),
in
te
nt
io
n
to

re
du
ce

in
ta
ke

(2
6%

),
no
ta
ta
ll

in
te
re
st
ed

an
d
no

in
te
nt
io
n
to

lo
w
er
in
g
sa
lt
in
ta
ke

in
th
e
ne
xt

6
m
on
th
s
(2
4%

).
•
R
es
po
ns
ib
ili
ty

fo
r
re
du
ci
ng

po
pu
la
tio

n
so
di
um

in
ta
ke
:

in
di
vi
du
al
s
m
os
tr
es
po
ns
ib
le
,g
ov
er
nm

en
ta
nd

in
te
rn
at
io
na
l

or
ga
ni
sa
tio

ns
le
as
tr
es
po
ns
ib
le
.
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T
ab

le
1

(c
on
tin

ue
d)

Fi
rs
ta
ut
ho
r,
ye
ar
,

co
un
tr
y

A
im

S
tu
dy

de
si
gn

re
cr
ui
tm

en
t

Sa
m
pl
e

ch
ar
ac
te
ri
st
ic
s

O
ut
co
m
es

•
L
ev
el
of

su
pp
or
tf
or

so
di
um

re
du
ct
io
n
in
iti
at
iv
es
:v

ol
un
ta
ry

ap
pr
oa
ch

be
tw
ee
n
go
ve
rn
m
en
ta
nd

in
du
st
ry

(8
0%

);
ed
uc
at
io
n

in
iti
at
iv
es

(7
8%

);
re
st
ri
ct
io
ns

on
th
e
sa
lt
co
nt
en
to

f
fo
od
s

ai
m
ed

at
ch
ild

re
n
(7
5%

);
fr
on
to
fp
ac
ka
ge

la
be
lli
ng

(7
9%

);
ta
x

of
hi
gh
-s
al
tf
oo
ds

(4
2%

).
Sa
rm

ug
am

R
.,

20
13
,A

us
tr
al
ia

[4
1]

E
xa
m
in
e
th
e
re
la
tio

ns
hi
ps

be
tw
ee
n
so
ci
o-
de
m
og
ra
ph
ic
fa
ct
or
s,

sa
lt
kn
ow

le
dg
e,
sa
lt
ta
st
e
be
lie
fs
an
d
di
sc
re
tio
na
ry

sa
lt
us
e,

an
d
de
te
rm

in
e
th
e
po
ss
ib
le
m
ed
ia
tin

g
ro
le
s
of

sa
lt
kn
ow

le
dg
e

an
d
sa
lt
ta
st
e
be
lie
fs
in

th
e
re
la
tio
ns
hi
ps

be
tw
ee
n

so
ci
o-
de
m
og
ra
ph
ic
st
at
us

an
d
di
sc
re
tio

na
ry

sa
lt
us
e
in

an
A
us
tr
al
ia
n
ad
ul
tp

op
ul
at
io
n

•
C
ro
ss
-s
ec
tio
na
l.

•
In
te
rn
et
co
ns
um

er
pa
ne
l.

N
=
53
0

•
58
%

fe
m
al
e

•
18

ye
ar
s
an
d

ol
de
r

K
no
w
le
dg
e

•
O
ld
er
ad
ul
t,
fe
m
al
es

an
d
hi
gh
er
le
ve
ls
of

ed
uc
at
io
n
m
or
e
lik
el
y

to
ha
ve

hi
gh
er

le
ve
ls
or

de
cl
ar
at
iv
e
sa
lt
kn
ow

le
dg
e.

A
tti
tu
de
s

•
U
se

of
di
sc
re
tio

na
ry

sa
lt
as
so
ci
at
ed

w
ith

gr
ea
te
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Knowledge Related to Dietary Salt Intake

Declarative Knowledge

Fifteen studies assessed participants’ knowledge of the recom-
mended maximum daily intake for sodium [21–29, 31, 34, 40,
43, 45, 46]. The proportion of participants who were able to
correctly identify the recommended dietary intake for adults
ranged from 4 to 54% (Table 1). Comparisons made between
those who believed they were consuming the correct amount
of sodium found they were in-fact consuming higher than the
recommended intake of 2000 mg/day [29]. Those who be-
lieved the maximum daily intake recommendation was higher
than the actual value were more likely to be consuming above
or about the maximum amount [46].

The relationship between salt and sodiumwas also not well
understood. This concept was assessed in seven studies [23,
25–28, 34, 35, 40, 46] across which, 56–89% were unable to
identify the correct relationship, i.e. that salt contains sodium
and that they are not the same. Sub-group analysis showed
older participants [27, 34] and females [27] were less likely to
understand the relationship between salt and sodium.

Sixteen studies reported on the relationship between
excess sodium intake and NCDs [22–25, 27, 29–32, 34,
35, 39, 43–46]; specifically, participants were aware of
the association between excess sodium intake and hyper-
tension (79–97%) [22, 25, 27, 29, 32, 34, 35, 43, 44, 46],
heart attack (12–88%) [22, 27, 43, 46] and stroke (72–
77%) [22, 30, 43, 46]. Less well known was the associat-
ed risk between dietary salt and kidney disease (16–68%)
[29, 43, 46], stomach cancer (8–26%) [29, 46] and oste-
oporosis (8–31%) [29, 35, 46]. However, one South
Korean study [31] reported participants were highly aware
of the relationship between sodium intake kidney disease
(99%) and stomach cancer (98%). Increasing level of ed-
ucation, income and older age were positively associated
with diet-disease knowledge [39, 41].

More than half of respondents in eight different studies
measuring food sources of salt were able to correctly identify
the primary source of dietary salt as processed/pre-packaged
foods [22, 27, 37, 38, 40, 42, 44, 46]. In Canada, 90% of
participants knew processed foods contributed the most salt
to dietary intakes, though 50% were unable to recognise high-
sodium foods such as processed cheese, hamburgers, canned

Table 2 Outcome indicators used
to assess KAB related to dietary
salt intake

Knowledge Attitudes Behaviours Parental KAB

Declarative knowledge:

• Aware of
recommended
dietary sodium
intakes for adults.

• Aware of personal
intake in comparison
to recommended
intakes.

• Identify the
relationship between
salt and sodium (i.e.
that salt contains
sodium).

• Aware of the health
effects associated
with excess dietary
salt intake.

• Identify the primary
food sources of salt.

Procedural knowledge:

• Use food labels to
determine
salt/sodium content
of products.

• Rank food products
from low to high
sodium content.

•Monitor dietary intake
using food labels.

• Concern towards
sodium intake and
health.

• Taste preferences.

• Perceived
responsibility of
different
individuals/groups
to reduce salt
intake.

• Self-efficacy and
willingness to
reduce salt intake.

• Attitudes towards
information
available on food
labels.

• Discretionary salt use.

• Actions/strategies to reduces
salt intake (i.e. use of
herbs/spices to flavour
foods, avoiding processed
and pre-packaged meals,
avoiding fast food
restaurants, requesting
low/no salt food options
when eating out).

• Frequency of purchasing
foods labelled low/reduced
or no salt/sodium.

• Aware of
recommended
dietary sodium
intakes for children.

• Awareness of health
effects associated
with long-term
excess dietary salt
intake.

• Identify primary
sources of salt in
children’s diet.

• Aware of children’s
intake compared
with
recommendations.

• Attitudes towards
importance of salt in
children’s diet.

• Frequency of adding
salt to food prepared
for children and/or at
the table.

• Actions/strategies to
reduce children’s
dietary salt intake.
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vegetables or vegetable juice, bottle sauces and salad dress-
ings as contributing food items [37].

Procedural Knowledge

Three studies presented participants with a series of nutrition
information panels (NIPs) to assess procedural knowledge
[24, 26, 33]. Forty-two percent of participants were able to
successfully rank foods from high to low sodium content
[26]. Twenty-one percent were able to identify foods with
high sodium content [24], and 56% reported being able to
monitor their sodium intake based on the information provid-
ed on food packages [33].

Attitudes Related to Dietary Salt Intake

Attitudes of adults related to dietary salt intake were reported
in 20 studies. Indicators assessed participants’ concerns about
sodium intake and health, taste preferences for salty foods,
self-efficacy, willingness and perceived barriers to reducing
salt intake, perceived responsibility for reducing population
sodium intake, and agreement/disagreement with various food
labelling and salt reduction initiatives.

Participants were generally concerned about the amount of
salt in foods (44–89%) [21, 23, 25–28, 34, 37], and a high
proportion (42–87%) agreed it was important to reduce the
amount of salt in their diet [21, 32, 33, 37, 42]. Participants
reported that they would be willing to use low salt/salt-free
seasonings, reduce cooking with salt and reduce salty snacks
[29, 46]. Reasons for reducing salt intake related to health
concerns, wanting to improve overall health and recommen-
dations by health professionals [21, 38, 45, 46]. Males, youn-
ger participants and higher socioeconomic participants were
more likely to agree their health would improve by reducing
dietary salt intake [27].

Taste preferences were reported in two studies [28, 35]; 31–
39% agreed salt added to food makes it taste better.
Misconceptions about salt, such as the belief that speciality
salts (Himalayan salts, pink salt, etc.) were healthier than reg-
ular table salt (37%) [27] were more likely to translate to
discretionary salt use [41].

Across six studies which asked participants who they be-
lieved was responsible for reducing population sodium intake,
high levels of agreement were found for individuals being the
most responsible (89%) [22, 27, 28, 45], followed by food
industry (26–81%) [21, 22, 27, 36, 45], fast food chains
(77%) and chefs (76%) [28, 36, 37, 45]. While less responsi-
bility was specifically placed on government [22, 40], there
was support for initiatives to reduce sodium through broad-
based policies in school and workplace cafeterias, education
interventions and salt taxes from participants in the USA [36,
45], Australia [27, 28] and Ireland [40]. Females, older partic-
ipants, and those from higher socioeconomic groups were

more likely to agree laws should be in place for limiting the
amount of salt added to processed foods [27, 28, 45].

Participants reported confusion about how to read food
labels to determine the amount of salt/sodium in a food prod-
uct and how much sodium they should be consuming from
these foods [32, 33] and suggested preference for food labels
to contain information about salt and sodium, display nutrition
information per serving rather than per 100 g/ml [34], and
provide indicators for low, medium and high salt content
[23]. At least 75% believed ‘reduced salt’ and ‘low salt’
claims would positively influence purchasing intent [30, 31].

Behaviours Related to Dietary Salt Intake

Behaviours related to dietary salt intake of adults were report-
ed in almost all studies (n = 22). Indicators for behaviour
included discretionary salt use, reported actions to reduce salt
intake, and food purchasing behaviours. Discretionary salt use
was reported by seven studies. Salt use at the table was less
common (< 30%) [21, 25, 34] than salt added to food during
preparation/cooking (24–80%) [21, 25, 29, 34, 39, 41, 44].
Older participants were less likely to report discretionary salt
use [25, 39, 41].

The proportion of participants who reported to be actively
reducing dietary salt ranged from 40 to 65% across eight studies
[21, 23–25, 32, 38, 45, 46]. Those who believed sodium reduc-
tion was important were more likely to report taking action to
reduce their salt intake [38]. Strategies to reduce intake included
avoiding processed foods (> 44%), using low salt alternatives
(34%), use of herbs and spices other than salt (29%), limiting
amount of salt used, and requesting low salt alternatives when
eating out (45%) [29, 32, 34, 38, 39, 46].

Nutrition information panels and other labelling on food
packages were important to food purchasing behaviours as re-
ported in 12 studies. Although < 60% of participants reported
checking food labels while shopping [21, 23, 25, 30, 33, 34, 37,
38, 43, 45–47], the Australasian Heart Foundation Tick label,
‘low/reduced salt or sodium’ and ‘no salt/sodium’ food labels
positively affected food purchases [21, 25, 33, 38, 43, 45, 46].
Use of food labels increased with age [25], and women were
more likely to report using labels than men [33, 34].

Parental Knowledge, Attitudes and Behaviours
Related to Dietary Salt Intake

Only one study from Australia [28] (n = 837) specifically
assessed parent/caregivers’ KAB related to dietary salt intake
of children, and investigated whether reported salt-related
knowledge or attitudes were related to salt-specific behaviours
[28]. Parents were generally aware Australian children con-
sume too much salt (73%) and agreed long-term excess salt
intake during childhood may be harmful to children’s health
(77%). Forty-six percent of parents/caregivers admitted
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adding salt to food prepared for children and 32% reported
that their child or children added salt to their food at the table.
Discretionary salt was less likely to be used where parents/
caregivers held the belief that excess childhood intake may
have harmful effects on children’s health, and where parents/
caregivers reported it was important to them to limit the
amount of salt their child or children consumed.

Discussion

The aim of this systematic review was to assess the knowl-
edge, attitudes and behaviours related to dietary salt intake
among adults in high-income countries. Twenty-four studies
across 12 countries were included. Overall, included studies
showed relatively low levels of knowledge, attitudes and be-
haviours related to dietary salt intake.

With respect to declarative knowledge, while most adults
were aware of the association between excess salt/sodium
intake and NCD risk (particularly hypertension and CVD),
they were generally unaware of the dietary intake recommen-
dations and the relationship between salt and sodium. Another
finding of interest was that although participants were able to
correctly identify processed foods as the leading contributor to
dietary sodium, they were unable to recognise the ubiquity of
sodium in the food supply, and associate foods commonly
consumed on a daily basis such as bread, cereals, cheese,
sauces and condiments, hamburgers as ‘processed foods’
[37, 42].

Procedural knowledge is considered more indicative of be-
haviours than declarative knowledge [17, 18]. Overall, partic-
ipants lacked procedural knowledge to interpret NIP’s on food
packages in order to identify high/low sodium content foods,
or monitor their salt/sodium intake. Poor procedural knowl-
edge could be explained by participants’ low declarative
knowledge regarding dietary intake recommendations, and
thus not having a standard reference with which to compare
information provided on food labels. However, with regard to
food purchasing behaviours, this review found that partici-
pants frequently referred to front of package labelling (FoP)
on food products to make favourable purchasing decisions.
Consistent with other research on food labelling, preferred
food labels were those that were clear, concise and easy to
understand such as ‘no salt’, ‘low salt’ or ‘reduced salt’ mes-
sages, or visual icons and ratings such as traffic lights which
indicated high, medium and low sodium content [33, 48–50].
The recent introduction of the Health Star Rating [51] inter-
pretive nutrition label in New Zealand and Australia, and
Traffic Light Labelling [50] in the UK, and Canada’s proposal
for mandatory FoP labelling to be applied to foods high in
saturated fat and/or sugars and/or sodium [52] should continue
to provide consumers with intuitive information to enable
healthier food choices and reduce sodium intake.

While many participants in the studies included in this
review believed their respective nations were consuming ex-
cessive amounts of salt, they also thought their own intake fell
within appropriate ranges. There was agreement across all
studies with participants reporting a high level of concern
about the amount of salt in foods, and placing high importance
on reducing dietary intake. Actions to reduce intake such as
reducing salt during cooking, using other herbs and spices
during cooking and avoiding salty snacks corresponded to
the overall belief that responsibility to reduce salt intake lies
with the individual (as opposed to government agencies, food
manufacturers, and fast food chains) [22, 27, 28, 45].

Previous reviews onKAB related to dietary salt intake have
been limited to summarising knowledge related to dietary
salt/sodium intake [53], reviewing the tools used to measure
KAB outcomes, and exploring gender differences in KAB
outcomes [54]. In contrast to these previous studies, a strength
of this review is that is it the first to report on all three concepts
together, i.e. knowledge, attitudes and behaviours related to
dietary salt intake. Another strength of this review was the
systematic search strategy itself. The search criteria included
research completed from 1950 to June 2018, across four liter-
ature databases, thereby capturing a larger body of evidence
compared with previous reviews, the first of which included
studies from only one journal published between 2013 and
2017 [54] and second of which sourced literature from a two
databases between 1990 and 2014 [53]. In addition, only stud-
ies from high-income countries were included, to enable find-
ings to be summarised based on similar cultures and food
supplies.

Nonetheless, a 2014 review by Sarmugam and colleagues
which included studies from both high-income and develop-
ing countries found similar results to our review with respect
to knowledge [53], i.e. participants were unable to identify the
correct dietary recommendations, did not know the relation-
ship between salt and sodium or the main food sources of
these nutrients, and reported general confusion when
interpreting ‘salt’ and ‘sodium’ information on food
packaging.

The studies included in this review also had some limita-
tions, meaning it is difficult to determine clear associations
between knowledge and attitudes on specific salt-related be-
haviours or to generalise reported KAB across population sub-
groups. First, a number of different tools were used by the
studies to measure KAB. This suggests the need for a validat-
ed tool. However, as discussed byMcKenzie et al. [54], it may
be difficult to use the same validated tool to generalise results
across different populations due to cultural and social influ-
ences onKAB [7, 54]. Second, the self-reported data across all
studies raises the concern of social desirability bias, with the
potential for consumers to provide responses perceived more
socially accepted. Thirdly, as often acknowledged by included
studies, findings have limited generalisability due to
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convenience sampling methods and risk of non-response bias
and selection bias due to limited recruitment methods such as
consumer panels, and only including those with internet ac-
cess or landline telephones.

In summary, this review provides sodium reduction advo-
cates and policymakers a concise summary of the current
KAB related to dietary salt intake in adults in high-income
countries. Several opportunities for improving future research
are identified including use of representative samples (i.e.,
appropriately powered) to assess differences in KAB by
sociodemographic sub-groups and assess associations be-
tween KAB. Sodium reduction programmes should ensure
they incorporate assessment of KAB to monitor changes in
KAB over time and ensure sodium reduction awareness cam-
paigns are designed to be responsive to any improvements or
changes.

Conclusions

This review identified consumers have low levels of knowl-
edge, attitudes and behaviours related to dietary salt intake.
Therefore, in order to reach the WHO 2025 sodium reduction
target, future salt reduction programmes must continue to take
a multi-level approach. Greater emphasis of individual KAB
is required, and specific initiatives need to focus on educating
consumers about the relationship between salt and sodium,
recognising commonly consumed high-sodium foods, and la-
bel reading to accurately interpret sodium/salt information in
food packaging. By doing so, consumers will be adequately
informed and empowered to make healthier food choices and
reduce individual sodium intake.
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