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a b s t r a c t
Salt reduction is important for reducing hypertension and the risk of cardiovascular events, nevertheless
worldwide salt intakes are above recommendations. Consequently strategies to reduce intake are
required, however these require an understanding of salt intake behaviours to be effective. As limited
information is available on this, an international study was conducted to derive knowledge on salt intake
and associated behaviours in the general population. An online cohort was recruited consisting of a representative sample from Germany, Austria, United States of America, Hungary, India, China, South Africa,
and Brazil (n = 6987; aged 18–65 years; age and gender stratiﬁed). Participants completed a comprehensive web-based questionnaire on salt intake and associated behaviours. While salt reduction was seen to
be healthy and important, over one third of participants were not interested in salt reduction and the
majority were unaware of recommendations. Salt intake was largely underestimated and people were
unaware of the main dietary sources of salt. Participants saw themselves as mainly responsible for their
salt intake, but also acknowledged the roles of others. Additionally, they wanted to learn more about why
salt was bad for health and what the main sources in the diet were. As such, strategies to reduce salt
intake must raise interest in engaging in salt reduction through improving understanding of intake levels
and dietary sources of salt. Moreover, while some aspects of salt reduction can be globally implemented,
local tailoring is required to match level of interest in salt reduction. These ﬁndings provide unique
insights into issues surrounding salt reduction and should be used to develop effective salt reduction
strategies and/or policies.
Ó 2013 The Authors. Published by Elsevier Ltd. All rights reserved.
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Elevated dietary salt intake is an established risk factor for
high blood pressure (Sacks et al., 2001; Hypertension Prevention
Trial Research Group, 1990), and salt reduction has consistently
been shown to reduce cardiovascular events (Cook et al., 2007;
Strazzullo, D’Elia, & Cappuccio, 2009; He & MacGregor, 2011;
He, Li, & MacGregor, 2013). Consequently, the World Health
Organization issued a public health recommendation of a maximum intake for adults of 5 grams per day (WHO, 2012). However, a review of international salt intakes reveals that most
countries have intakes well above this level (Elliott & Brown,
2007). Disturbingly this problem pertains to both adults and children, and is present in both developing and developed countries
(Gregory et al., 2000; Strazzullo, D’Elia, & Cappuccio, 2009). Given
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these circumstances, and the negative health effects of salt, a
substantial reduction in salt intake at population level would
play a signiﬁcant role in the reduction of cardiovascular disease
worldwide. Local scale interventions have successfully reduced
salt intake (Kaczorowski et al., 2010; Sacks et al., 2001). However,
implementing global salt reduction programmes would be more
effective (Webster, Dunford, Hawkes, & Neal, 2011; Appel et al.,
2011; Murray, Lauer, & Hutubessy, 2005) and contribute
substantial to healthcare cost savings (Barton, Andronis, Briggs,
McPherson, & Capewell, 2011).
Interventions that are targeted and based on reliable and
valid scientiﬁc evidence are more likely to achieve sustained
changes (Prochaska & Velicer, 1997). Motivating individuals in
the general population to reduce their salt intake, and especially
engaging them in sustained behaviour change, is difﬁcult and
complex. A solid understanding of behaviour in the general population concerning the willingness to change are therefore
important for developing targeted research and successful salt
reduction initiatives. Unfortunately, whilst considerable evidence
exists documenting the negative health impact of salt, the
understanding of behaviours surrounding salt intake, and how
to sustainably change these behaviours, is not as abundant. A
handful of studies based either on qualitative data (Smith
et al., 2006; Bentley, De Jong, Moser, & Peden, 2005), experimental data (Liem, Miremadi, & Keast, 2012), or quantitative data
from single countries (Grimes, Riddell, & Nowson, 2009; Kim,
Lopetcharat, & Drake, 2012) highlight that attitudes, knowledge
of salt intake, and health beliefs are important for changing salt
intake habits, particularly as salt intake is hard to estimate and
monitor. However, a better understanding is required to develop
interventions, which can be implemented on a population-wide
scale, that focus on the barriers and motivators to change.
Evaluating behaviour at population-level is particularly important for determining general trends and enhances the capacity
to understand the population from all ages and backgrounds.
Furthermore, using quantitative data will enhance quality of
cross-country comparisons, and provide more solid evidence of
the current situation with respect to salt usage and readiness
of the consumer to reduce salt intake. Moreover, due to wide
varieties in food cultures and preferences around the world, an
understanding is required of where differences between countries exist, particularly between developed and developing
countries.
Providing a clearer picture of population-based perceptions
regarding salt and levels of intake, identifying drivers of salt intake,
understanding how people use salt, and learning the best methods
of communication regarding reducing salt intake is vital for
improving the current situation in the general population in various countries. In light of this, an international study was conducted
in seven countries to discover where the best opportunities exist to
create targeted salt reduction strategies in both developed and
developing countries. In some of these countries, such as Brazil,
China and the USA, salt-reduction initiatives in selected regions
have been instigated (Webster et al., 2011). Self-rated intake and
calculated salt intake, sources of salt, interest in salt reduction,
knowledge of salt intake recommendations, perceived healthiness
and importance of reduction, responsibility for change and communication preferences were evaluated. This study is unique in
that it combines salt-intake information with information on attitudes towards salt, a theoretical framework on behaviour change,
and explores the communication preferences to provide concrete
insights into where the most promising behaviour change can be
made in country-speciﬁc populations. The ﬁndings from this international study can be used to inform global strategies for salt
reduction.
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Materials and methods
Design and procedure
The study consisted of an online cohort conducted in the following countries: Germany, Austria, United States of America,
Hungary, India, China, Brazil, and South Africa. Data was collected
during April to May 2012 using an online questionnaire which took
approximately 15 min to complete. This was completed using the
participants own computer in their own setting. The questionnaire
had to be completed in one sitting and prompting was provided on
incomplete answers to reduce the occurrence of missing data.
Participants were recruited through an international online panel
provider (GMI), who was registered with the Data Protection Act.
Informed consent was provided by all participants and they received a minor standard reimbursement for their time.
Participants
A recruitment target was set for each country cohort for a sample size of approximately 1000 adults aged 18–65 (with the exception of Germany and Austria where 500 participants were recruited
per country, and combined into one group due to cultural and geographical similarity). The online participant panels in the seven
countries had population representative samples. Due to the
different population structures in each country recruitment was
stratiﬁed for each country across gender and within age blocks
(18–24 year, 25–34 year, 35–44 year, 45–54 year, 55–65 year) to
enable cross-country comparability. To ensure the ability to complete the online questionnaire the following inclusion criteria were
applied: internet access with current email address, computer
proﬁciency and normal vision (or corrected-to-normal). Further,
people who had experienced a major health event (e.g., heart attack, stroke, cancer, and kidney disease), or were on a medically
prescribed diet, were not allowed to participate due to their differing reasons for changing their nutrition behaviour than the general
population. Additionally, participants were required to be ﬂuent in
the ofﬁcial language of their country as this is the language in
which the questionnaire was provided (in India and South Africa
where there are multiple ofﬁcial languages the questionnaire was
provided in English). In total 8833 participants from the panels
met the aforementioned criteria for recruitment and were invited
to participate. Of these 6987 participants participated in the study
and completed the questionnaire to the end (participation rate of
78.7%). The mean age of the ﬁnal sample was 39.7 years
(SD = 13.5; no signiﬁcant country differences on mean age,
p > .05), and consisted of 50% females. Missing data in the ﬁnal
sample was less than 1% and only found amongst socio-demographic variables. As such, missing data was excluded casewise
for each analysis.
Materials
A self report questionnaire was developed with questions that
were chosen to elicit information that can readily be implemented
in a population wide salt reduction strategy. As such we evaluated
socio-demographics, perceived and calculated levels and sources of
salt intake, stages of change in regards to salt reduction, characteristics of salt usage, knowledge of recommendations, beliefs and
attitudes, responsibility for salt reduction, and preferred methods
of communication about salt and salt reduction. One standard
framework questionnaire was designed, which was then adapted
to local foods, serving sizes and culture by local nutritionists. When
a language other than English was used, this was then translated
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into the local language and back translated into English to check
for the accuracy of translations. The order of presentation of the
questions within the central food and behaviour sections were randomised to reduce presentation bias.
Socio-demographics
Marital status was recorded as: single/married/co-habiting/separated/divorced/widowed. Smoking was deﬁned as: never smoker/
former smoker/current smoker. Hypertension and iodine deﬁciency were documented in response to the question: ‘‘have you
ever been diagnosed with one of these conditions by a doctor or
other medical specialist?’’ Self rated health was assessed with
the question: ‘How is your general health compared to people your
own age?’ Scores were: 1 – very good to 5 – much worse. Height
(m) and weight (kg) were self-reported, and Body Mass Index
was calculated as kg/m2.
Self-rated and calculated level of salt intake
In order to achieve behaviour change, people need to be aware
of their own behaviours. Often people will agree that a behaviour is
unhealthy, but do not perceive that they themselves perform the
unhealthy behaviour. Awareness of current behaviours is important for successful behaviour change interventions (Brug & Kok,
1995). Therefore, to gain an understanding of how well people
understood their own level of salt intake we measured their selfrated intake and compared this to their calculated level of salt
intake.
Self-rated intake was determined by asking: how much salt do
you think you currently consume in one day? Answer options included: too little/satisfactory/too much.
Calculated intake was evaluated with a semi-quantitative food
frequency questionnaire (Salt FFQ). In the absence of other suitable
validated questionnaires, this was developed speciﬁcally for this
multi-national study to calculate salt intake. This methodology
was deemed most appropriate for a population-based sample, with
data collected over an internet questionnaire. The Salt FFQ incorporated salt intake derived from In Home Foods (i.e., salt derived
from salt containing food groups, salt added during food preparation, and salt added at the table) and Out of Home Foods (i.e. restaurant food, take away, and street food). Discretionary salt is often
not included in traditional food frequency questionnaires due to
difﬁculty of measurement, but is an important source of salt in
the daily diet. The questionnaire was designed to relatively rank
people in terms of salt intake within each country, rather than to
calculate the precise intake in grams, given the difﬁculties of quantifying discretionary salt intake and the different sources of salt in
the diet per country.
Salt intake from In Home Foods was calculated from the following three groups:
Salt intake from salt containing food groups was calculated
based on the reported consumption of 12 food groups which
are known in combination to contribute to at least 80% of salt
intake from foods within each country (i.e., seasonings, condiments/dips/sauces, margarine/butter, savoury snacks, sweet
snacks, processed meats, cheese, soups, breakfast cereals,
breads, pickled vegetables (e.g., sauerkraut) and processed vegetables (e.g., canned vegetables or mixes with sauces)). Each
food group was illustrated with local examples. These foods
include those that are manufactured with traditional or modern
methods, and can be purchased from small or large retailers.
This does not include foods that are prepared at home, as this
is captured in the following category. These food groups were
selected based on local information and nutrition surveys and
recommended by a nutritionist who was resident and working
in each country. The frequency of consumption of each item

over a typical 7-day period was recorded; intake was quantiﬁed
by using typical local serving sizes that were mentioned for
each item in the FFQ. The amount of salt from salt rich foods
was then calculated from the frequency of consumption multiplied by the average salt content of the foods in a food group.
Salt content per serving size was taken from country food consumption tables. In South Africa and Brazil, where the tables
were incomplete, this information was supplemented from
local studies and/or or local product labelling. In India where
no food composition tables were available the information
was taken from local studies, websites and food product
labelling.
Discretionary salt intake during food preparation was calculated in a two-step process. First, participants reported the frequency by recording which meals they usually added salt to
during cooking (breakfast, mid-morning snack, lunch, midafternoon snack, dinner, and after dinner snack), and how often
they did this (every time/more than half of the time/half of the
time/less than half of the time/never). Second, they indicated
how much salt they added on average per time (none/1–2
pinches/a few pinches/½ teaspoon/1 teaspoon/1½ teaspoons/2
teaspoons/1 tablespoon/2 tablespoons/more than 2 tablespoons
– which was converted into the related salt level in grams). The
frequency was then multiplied by the ‘amount of salt added
during cooking’. If participants reported that they usually cook
for more people, the amount of salt added during cooking was
divided by the number of people they usually cook for. For participants that did not cook for themselves, their salt intake from
cooking was estimated by imputing the mean salt intake from
cooking from people of the same country, age and gender. If
use of a low-sodium salt was reported, calculated salt intake
was adjusted based on the sodium content of local low-sodium
salts.
Discretionary salt intake after preparation (e.g., at the table)
was calculated in the same two-step process as above, only by
asking participants about when they added salt after meal preparation. This was asked to all people irrespective of whether
they cooked for themselves, and adjustments were made if
use of low-sodium salt was reported.
Salt intake from Out of Home Foods was calculated as the frequency of consumption of restaurant, take away or street food
meals over a 7 day period. To illustrate this category the most
common type of restaurant, take away and street foods were
provided per country. The average amount of salt for these food
categories was then derived from average reported salt levels
for the meals in the countries based on information from leading restaurants and chains. The amount of dietary salt intake
from restaurant, take away and street foods was then calculated
from the frequency of consumption multiplied by the average
salt content of the foods.
Total salt intake was then calculated as the sum of the above
sources. Within each country, according to their total calculated
salt intake, participants were partitioned into tertiles to represent the 33% of respondents with the lowest, medium and highest salt intake.
Perceived and calculated sources of salt intake
To determine whether people could accurately identify what
the main sources of salt in their diet were, participants were asked
to select one option for what they perceived the main source of salt
in their diet was from the following four sources: processed food/
restaurant, take away, street food/salt added at the table/salt
added during food preparation. Per country, this was then compared to the actual calculated intake of salt from the same four
sources, measured by the Salt FFQ, as described in the previous
section.
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Interest in reducing salt intake
Understanding the readiness of individuals to change is central
to knowing where countries currently stand, and the potential for
improvements. Therefore, based on the theoretical framework
from the stages of change model (Prochaska & Velicer, 1997), we
evaluated their interest in engaging in salt reduction (i.e. what
behavioural stage of change they were in). Participants were asked
to describe which statement best represented their current interest
in salt reduction from the following options: ‘‘I am not at all interested in lowering salt in my diet and I have no intention of doing so
in the next 6 months’’/‘‘I am interested in lowering salt in my diet
and I have the intention of doing that within the next 6 months’’/‘‘I
am interested in lowering salt in my diet and I have the intention
of doing that in the next month’’/‘‘I am interested in lowering salt
in my diet and I have started lowering my salt intake during the
last 6 months’’/‘‘I am interested in lowering salt in my diet and I
have already lowered my salt intake for longer than 6 months’’.
Characteristics and behaviours surrounding salt reduction
If people do not know what the desired behaviour is it makes it
difﬁcult to change their current behaviour. As such it is important
to understand the consumer’s knowledge of salt recommendations.
Consequently, participants were asked: ‘‘what is the maximum level of salt per day that a healthy person is recommended to consume?’’ Answer options ranged from 0 to 100 g and also included
the option ‘‘I don’t know’’. Discretionary salt is a signiﬁcant contributor to salt intake, where a reduction could be useful. As such
we asked participants: ‘‘do you add salt to your food before tasting
it?’’ with the answer options of: usually or always/sometimes/
rarely or never. If people do not believe that changing their behaviour is beneﬁcial, it is unlikely that behaviour change will occur.
Accordingly it is important to determine what people believe about
the effects of salt on health in different countries. Therefore, participants were asked to rate how strongly they agreed with a range of
statements reﬂecting potential effects of salt (a mixture of true and
false statements) from strongly disagree (1) to strongly agree (7).
The following beliefs were evaluated: Salt in my food. . . increases
blood pressure/increases thirst/increases water retention/helps
with my iodine intake/replace what is lost in sweat/improves the
shelf life/increases weight/is important if you exercise/stimulates
eating. A better understanding of the perceived healthiness and
importance of salt reduction could provide important targets for
effective interventions; as a result participants were asked to rate
whether: ‘‘reducing salt is. . .’’ unhealthy (1) to healthy (7), and not
at all important (1) to extremely important (7).
Responsibility for salt reduction
Salt reduction in the general population will require a combined
effort between multiple players. Understanding how people perceive their own responsibility, and that of others, to reduce their
salt intake is important for convincing them of the need to take action themselves. As such participants were asked to rate how
responsible they thought speciﬁc people or organisations were
for salt reduction using a scale from 1 (not at all responsible) to
7 (extremely responsible). The following people/organisations
were rated: international organisations, country government, food
manufacturers, business (e.g., supermarkets, local markets), restaurants/fast food chains/caterers, friends–family, yourself.
Communication preferences
In order to deliver the most effective and useful communications
about salt and salt reduction, it is important to know what people
want to learn about salt and which communication channels they
ﬁnd the most appealing. First, participants were asked what they
would like to hear more about. Participants were asked to select
as many options from the following list: what foods are the main
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sources of salt in the diet/the reasons why salt is bad for your
health/how much salt you are currently eating/how to reduce salt
in your diet/how to use less salt in cooking. Second, participants
were asked from whom they would like to get information about
salt and its impact on health. They were asked to select one from
the following options: friends–family/companies that make food/
food packaging or label/government organisations/medical community/places that sell food/restaurants; chefs. Third, participants
were asked through which source they would prefer to obtain information about salt and its impact on health. They were asked to
select one from the following options: television/magazines/newspapers/online-social websites/other/none of the above.
Statistical analyses
All analyses were conducted using PASW/SPSS version 18.0.
Country differences were evaluated using Chi-square or ANOVA’s
as appropriate and evaluated at the level of p < .05. When a significant main effect for country was found, planned analyses were
conducted between the mean or percentage from the total average
for all countries to means and percentages from the individual
countries to determine speciﬁcally where the signiﬁcant differences lay. These were also evaluated at a signiﬁcance level of
p < .05. Adjusting for age and gender did not change the main results, thus to enhance ease of understanding non-adjusted analyses
are presented.
Results
Characteristics of the samples per country are displayed in
Table 1. Across all countries 30% of the population were single,
which was slightly higher in Brazil (34%). Self-rated health amongst
the population was high, with participants on average reporting
that they were in ‘good’ health, when compared to other people
their own age. Over half of the total sample reported that they
had never smoked (55%). The percentage of current smokers was
highest in Germany/Austria (36%) and lowest in India (10%). The
average Body Mass Index (BMI) across countries was 25 kg/m2
(WHO classiﬁcation of slight overweight), although in India and
China the average BMI was in a normal range. Seventeen percent
of the total group reported being diagnosed with hypertension, this
rose from 10% in China to 26% in Hungary. Three percent of the total
population reported having been diagnosed of iodine deﬁciency by
a doctor in their lifetime, which was as high as 8% in Germany/Austria, but much lower in the other countries (2–3%).
Self-rated and calculated level of salt intake
The Salt FFQ revealed that the average intake across all countries was 9.5 grams per day, ranging across countries from 7 to
13 grams per day. Within each country participants were divided
into tertiles based on their daily salt intake calculated from the Salt
FFQ: low intake, medium intake and high intake. The average salt
intake in the low intake tertile was 4 grams per day (range of
3–5 g across countries), the average in the medium tertile was
8 grams per day (range 6–12 g) and the average in the highest
tertile was 17 grams per day (range 12–24 g). To gain an understanding of how well consumers understood their own salt intake,
this actual level of intake was then contrasted against what the
consumers thought their intake was – too low, satisfactory or too
high. Fig. 1 shows this comparison. Notably, the vast majority of
the sample in every country thought that their intake was ‘satisfactory’. In general, reports of ‘too little’ intake decreased across
ascending tertiles of calculated intake, whilst reports of ‘too much’
intake increased across ascending tertiles of calculated intake.

26

R.S. Newson et al. / Appetite 71 (2013) 22–31
Table 1
Population characteristics presented for all countries and per individual country.

Note: The population was age and gender stratiﬁed in the following age categories: 18–24, 25–24, 35–44, 45–54, 55–65, giving an average age of 39.7 years
(SD = 13.5). All values presented are mean, ±SD, or percentage of total within country (%). All main effects for country were signiﬁcantly different at p < .001. Planned
comparisons were conducted to determine where the signiﬁcant differences were for the main effect of country by comparing the total mean and percentages for ‘all
countries’ versus each individual country using Chi-square test and ANOVA.
⁄
Signiﬁcant difference p < .05.
a
Response scale to items was: 1 = very good–7 = very bad.

100%
90%

Percentage of the Population

80%
70%
60%

Self-Rated
Intake

50%

Too much
Satisfactory

40%

Too little

30%
20%
10%

Germany/ Austria

Hungary

USA

Brazil

India

China

High

Medium

Low

High

Medium

Low

High

Medium

Low

High

Medium

Low

High

Medium

Low

High

Medium

Low

High

Medium

Low

0%

South Africa

Calculated Intake (Salt FFQ)
Fig. 1. What people thought of their intake versus calculated salt intake per country.

Germany/Austria and China had a higher perception of too high intake, whereas Brazil had a higher perception of too low an intake
relative to other countries. Note that this ﬁgure does not contain
a representation for ‘all countries’ as tertiles can only be calculated
within, and not across, countries due to variations in food composition tables and products available.
Perceived and calculated sources of salt intake
Based on the calculated salt intakes (Salt FFQ), the relative contribution of the four sources of total salt intake in the diet are presented in Table 2. The Salt FFQ revealed that on average 83% of salt
intake was derived from In Home Foods (51% of salt in the diet
came from salt containing food groups, 25% was added during
preparation and 7% was added at the table), whilst 17% came from
Out of Home Foods. India deviated from this pattern, with salt
added during preparation being the main contributing source of
salt in the diet (48%). Furthermore, within Brazil it could be seen
that the highest intake came from Out of Home foods, this was largely due to consumption of pizza, and the high sodium levels seen
in restaurant meals in Brazil. When participants were asked what

they thought the main source of salt in their diet were they reported that it was salt which was added during food preparation
(42% across all countries). This was followed by salt from salt containing foods (30% across all countries), and then by salt added at
the table, and salt from Out of Home foods (both sources reported
by 14% across all countries). This pattern was evident in India, China, and Brazil, whereas in Germany/Austria, USA, Hungary and
South Africa processed food was thought to be the main source
of salt intake, and salt added during preparation was the second
most rated main source of salt.
Interest in reducing salt intake
The behavioural stages of change for salt reduction is presented
per country in Fig. 2. There were signiﬁcant country differences in
terms of stages of change, with every country reporting a different
proﬁle (p < .001). Over one third of the total sample reported having no interest in changing their salt intake (34%). Whereas, 13%
had started to make changes in the last 6 months, and a further
28% indicated that they were interested and had already maintained the changes they had made towards reducing salt intake
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Table 2
Calculated dietary sources of salta (average % of total salt intake).
All countries

Germany/Austria

Hungary

USA

Brazil

India

China

South Africa

In Home Foods
Salt containing food groups
Salt added at the table
Salt added during preparation

51 ± 23
7 ± 14
23 ± 23

63 ± 23*
6 ± 12*
17 ± 17*

56 ± 24*
5 ± 11*
23 ± 19*

70 ± 20*
7 ± 13*
9 ± 13*

36 ± 24*
5 ± 11*
18 ± 18*

32 ± 20*
10 ± 18*
48 ± 26*

48 ± 25*
11 ± 19*
27 ± 22*

72 ± 19*
7 ± 12
16 ± 15*

Out of Home Foods
Restaurants/take away/street foods

17 ± 15

14 ± 14*

15 ± 18*

13 ± 17*

41 ± 28*

10 ± 10*

14 ± 13*

5 ± 5*

Note: All values presented are mean, ±SD, or percentage of total within country (%).
All main effects for country were signiﬁcantly different at p < .001. Planned comparisons were conducted to determine where the signiﬁcant differences were for the main
effect of country by comparing the total mean and percentages for ‘all countries’ versus each individual country using Chi-square test and ANOVA.
a
From the Salt FFQ, this is an indication of which percentages of salt intake came from which type of food or salt use.
*
Signiﬁcant difference p < .05.

Percentage per Stage of Salt Reduction

100
90
80
70
60
Already reduced for over 6 months

50

Have started in last 6 months

40

Interested to Change in next month

30

Interested to Change in next 6 months

Not Interested in salt reduction

20
10
0
All Countries

Germany/
Austria

Hungary

USA

Brazil

India

China

South Africa

Country

2
There was a significant difference across the
= 495.3p < .001). Simple
planned analyses to determine where the significances lay were conducted between the overall distribution for all countries and
the distribution per individual country showed significant differences between every country and the total distribution (p < .001).

Fig. 2. Stages of change: intention to reduce salt intake.

for at least 6 months. Sixteen percent were interested in making a
change in the next 6 months, and 8% were interested in change in
the next month. Germany/Austria had the highest proportion of
people with no interest in change, with over half of the participants
not intending to make changes in the next 6 months (52%). China
and Brazil had the most interest in change, with 83% and 81% of
the Chinese and Brazilian samples respectively reporting interest
in change, or an active change. In Brazil, 37% of the population
had maintained salt reduction efforts for over 6 months, this was
30% in China and South Africa. There was a signiﬁcant difference
between countries on the stages of change and interest (Chisquare = 495.31, p < .001).
Characteristics and behaviours surrounding salt reduction
The knowledge of recommendations and discretionary salt use
are shown in Table 3. In relation to recommendations more than
half of the population (55%) indicated not to know what the daily
salt intake recommendations are, and 32% reported that they did
know, but reported incorrect recommendations. Only 13% of the
total sample could correctly identify the salt intake recommendations. In China, the recognition of recommendations was quite
high, with 34% correctly identifying them. In the USA only 3% of
the population could correctly identify the recommendations. Over
two-thirds of the participants in Germany/Austria, USA and South
Africa reported that they did not know the recommendations.
When looking at discretionary salt usage, 22% of the total participants reported adding salt to food ‘usually or always’ before

tasting it, whilst the majority (58%) reported that they ‘rarely’ or
‘never’ did this. This ﬁnding was consistent across countries.
Table 3 displays the beliefs about the efﬁcacy of salt reduction,
and the perceived healthiness and importance of salt reduction. In
terms of beliefs regarding the effects of salt, in the total population,
the most highly rated beliefs were that salt in food: increases blood
pressure (mean rating of 5.1), increases thirst (5.0) and water
retention (4.4), and helps with iodine intake (4.4). The countries
varied greatly on their ratings for the beliefs in the effects of salt.
India, China, and Germany/Austria had a stronger focus on the beneﬁts for iodine deﬁciency, whilst the other countries had more of a
focus on blood pressure, and thirst. The belief that salt in food is
important to replace what is lost in sweat was also of relative
importance in countries (4.2), with the exception of Brazil and
South Africa. When looking at the perceived healthiness and importance of salt reduction, the results showed that the population largely thought that reducing salt intake is healthy (average rating of
5.6 on a scale from 1 – unhealthy to 7 – healthy) and of importance
(average rating of 5.3 on a scale from 1 – not important to 7 – extremely important). There was a strong positive association between health and importance attitudes, (r = .63, p < .001). The
ratings on both attitudes were signiﬁcantly higher in Brazil and
China compared with the average across countries. An exploratory
analysis on the relation between the belief scales and the perceived
healthiness and importance of salt reduction, was conducted to
determine whether health and importance attitudes to salt reduction were driven by beliefs in the efﬁcacy of salt and salt reduction.
A linear regression analysis demonstrated that after controlling for
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Table 3
Characteristics and behaviours surrounding salt reduction.

Note: All values presented are mean, ±SD, or percentage of total within country (%).
All main effects for country were signiﬁcantly different at p < .001. Planned comparisons were conducted to determine where the signiﬁcant differences were for the
main effect of country by comparing the total mean and percentages for ‘all countries’ versus each individual country using Chi-square test and ANOVA.
⁄ Signiﬁcant difference p < .05.
a Response scale to items was: 1 = strongly disagree to 7 = strongly agree.

International organisations
Country government
Family and friends
Supermarkets/ local shops/ markets
Restaurants/ fast food chains/ caterers
Food manufacturers
Yourself
1

2

3

4

5

6

7

Not at all Responsible ------------------------------------------------------------------------------------------Highly Responsible

All responses significantly different at p < .001, with the exception of comparison of
family & friends to supermarkets, local shops, markets (p > .05)
Fig. 3. Mean self-reported responsibility for salt intake reduction across all countries.

age and gender the nine beliefs together accounted for 15% and
16% of the variance in health attitudes and importance attitudes
respectively (p < .001), indicating that these beliefs play an important role in attitudes towards salt reduction. Taste and Stage of
Behaviour change were also important predictors of health attitudes (accounting for 8% of further variance) and importance attitudes (16% of further variance). Interestingly, age, gender, country,
self-rated level of intake and calculated level of salt intake from the
FFQ were not important drivers of attitude (3% and 5% combined
respectively for health and importance attitudes). Interestingly
the belief that salt reduction reduces blood pressure was the strongest predictor amongst the beliefs, accounting uniquely for 5% and
7% of the variance in health and importance attitudes respectively.

Responsibility for salt reduction
The level of responsibility that participants allocated to varying
individuals and organisations for their own salt intake are presented in Fig. 3 (note: all countries are presented together, due
to the high comparability in results across countries). This ﬁgure
highlights that in the total sample, participants reported themselves as being the most responsible for reducing salt intake (mean
all country rating of 5.9). Other key players in salt reduction also
acknowledged as being responsible were: food manufacturers
(5.0), restaurants/fast food chains/caterers (4.7), supermarkets,
local shops, markets (4.2), family and friends (4.1). This pattern
was repeated in each country, with the exception of India, where
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industry and family/friends were equally rated in second place
(individual country rating of 4.6). Overall, country governments
(3.5) and international organisations (3.3) were rated the least
responsible. This was consistent across all countries, with the
exception of China, which rated country governments as more
responsible (individual country rating of 5.1).
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countries. Whilst there were no gender differences, interest in
magazines and websites decreased with age, whilst interest in
newspapers increased with age and interest in television peaked
in the middle-age group.

Discussion
Communication preferences
Communication preferences regarding salt intake messages can
be seen in Table 4. Participants were able to select more than one
option regarding what they would like to hear about salt. Of the
ﬁve options presented, half of the population rated each of the options as of interest. ‘The reasons why salt is bad for your health’,
and ‘what foods are the main sources of salt in the diet’ were the
most popular items selected. Fourteen percent of the total sample
did not ﬁnd any of the options appealing. In the total sample, 35%
of participants reported that they would like to hear about salt, and
its impact on health, from the medical community (e.g., dieticians,
doctors), and 22% reported that they would like to hear this from
food packaging or labels. The interest in these two sources increased signiﬁcantly with age (p < .001), whilst interest in hearing
from family and friends, restaurants, and places that sell food decreased signiﬁcantly with age (p < .001). This pattern was consistent across all countries. China additionally reported they would
like to hear more from governmental organisations (20%). Television, online social websites (e.g., blogs, and discussions), and newspapers were the preferred mediums of communication across all

The current international study was conducted to discover the
key challenges in reducing salt intake in both developing and
developed countries. The insights gained can be used in targeted,
evidence-based global salt reduction strategies. Speciﬁcally, perceptions regarding average levels of salt intake and the main
sources of salt, what drives people to consume salt or reduce salt
intake, how people use salt, and preferred methods of communication were evaluated.
Understanding the key sources of salt in the diet, as well as levels of own salt intake in relation to recommendations, it is important for enabling individuals to judge their own situations and
make steps towards positive changes. Markedly, there were pervasive misperceptions surrounding the main sources of salt in the
diet of the general population. Whereas on average most participants thought that the majority of salt in the diet comes from salt
added during cooking, based on the intake data processed food was
on average the highest contributor of salt to the diet. Within individual countries China and Brazil showed particularly high levels of
misperceptions in this area, although within all countries a notable
proportion could not identify the main sources of salt. In relation to
own levels of salt intake, there was also a strong disconnect, with

Table 4
Communication preferences regarding salt reduction per country.

Note: All main effects for country were signiﬁcantly different at p < .001. Planned comparisons were conducted to determine where the signiﬁcant differences were for the
main effect of country by comparing the total mean and percentages for ‘all countries’ versus each individual country using Chi-square test and ANOVA.
⁄ Signiﬁcant difference p < .05.
a Participants were required to select as many items as they felt relevant, as such all values presented are the percentage of the total population per item that selected the
item.
b Participants were required to select the item they were most interested in, thus all values presented are percentage of total within country (%).
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the vast majority of people reporting that their intake was satisfactory, and in some cases even too low, even though international reports indicate that most people have a daily intake that is much
higher than international recommendations (Elliott & Brown,
2007). Knowledge on salt intake recommendations was generally
low, the highest levels of understanding were observed in China,
where still only one third of the population (34%) knew the recommendations. Notably, participants in the USA were mostly unaware
of recommendations. Taken together, these ﬁndings suggest that
whilst reformulation of products to lower salt levels, and availability of low salt products is continually of importance, interventions
should initially focus on teaching individuals what the key sources
of salt are, which foods have a low salt content and to be more
aware of their own level of intake in relation to recommendations.
Discretionary salt is an important source of salt intake (O’Reilly,
Brinkman, Giles, English, & Nowson, 2010), so it was interesting to
capture that a lot of participants added salt to food without even
tasting. This provides a clear opening for interventions. By simply
encouraging tasting before addition of salt, interventions could
make a quick gain in salt reduction.
Over one third of the participants reported that they had no
interest in salt reduction, and no intention to make any changes
in salt intake within the next 6 months. This presents a clear target
for salt reduction strategies and interventions. While awareness of,
and interest in salt reduction is growing, there is still a need to address awareness and interest in a large group of people. This is particularly the case for Germany and Austria where more than half
the population had no interest in salt reduction, despite high levels
of intake reported in both countries in national surveys (German
Nutrition Society, 2008; Elmadfa, 2008). Somewhat more encouragingly, 28% of the population indicated that they had already
made changes and maintained these for over a 6 month period.
Although for the participants in the maintenance stage it is unknown what speciﬁcally these changes were, and whether salt intake was actually reduced to recommended intake levels. It
indicates that a good proportion of the general population are open
to salt reduction and in the mindset to make positive, long-term
changes. China had the highest response in this area, potentially
due to recent in-country programmes on salt reduction, such as
the ‘Chinese Residence Diet Guidelines’. Overall, these ﬁndings
highlight that when developing a salt reduction strategy it should
be ﬁrst noted which stage of change countries are in so it can be
determined whether people are already open to change, or
whether they ﬁrst need to be made aware and engaged in salt
reduction. Salt reduction initiatives should be incorporated into
overall dietary guidelines and be integrated into general healthy
diet plans that target overall diet.
Beliefs surrounding the effects of salt in food varied between
countries. Overall, it was well acknowledged that salt had an effect
on raising thirst and blood pressure. Furthermore, in some countries were iodine deﬁciency was currently or historically a relevant
issue, particularly India and Germany/Austria, the effects of salt on
iodine levels were seen as a valuable beneﬁt of salt. There were
some incorrect beliefs prominent across the countries (e.g., that
salt promotes hunger). National interventions should take note of
misperceptions in the general population and the lack of factual
knowledge on effects of salt in their countries, and target these
in interventions through education programmes. Encouragingly,
reducing salt in food was viewed overall as being healthy and
important. Moreover, health and importance attitudes were highly
related. This is positive news, given the relatively low interest in
changing salt intake. This could indicate that awareness of the issues of high salt consumption are prominent, but that given the
large misperceptions regarding key sources and intake people are
not aware of their own excessive salt intakes.

Participants strongly embraced the idea that they were the
most responsible for their own salt intake. This is a noteworthy
ﬁnding, as individuals are seen as key in the challenge of reducing
their salt intake, so it is promising that the majority of people also
see it as their responsibility. Interestingly, participants also
acknowledged that sodium reduction involved other key players
such as food manufacturers, restaurants, fast food chains, caterers,
supermarkets, local shops, markets, family and friends. Interventions and strategies should capitalise on this mindset by acknowledging that people are willing to make changes, and that they
understand the role that they have to play in this. Interventions
and strategies should also take into account the responsibility
apportioned to other key players, by looking into effective ways
that these groups and people can work together to encourage
members of the public to look for low-salt product options and reduce the use of discretionary salt.
To deliver the most effective and useful communications about
salt and salt reduction, it is important to know what people want
to learn about salt and which communication channels (e.g., media
and people) they ﬁnd the most appealing. This study provides
some insights into preferred means of communications that can
be taken into account when developing salt reduction programmes
or marketing campaigns. Eighty-nine percent of the total sample
indicated that they wanted to hear something more about salt,
showing an open mindset to new information. ‘The reasons why
salt is bad for your health’, and ‘what foods are the main sources
of salt in the diet’ were the most commonly reported items. In
terms of beliefs participants generally understood that salt is associated with blood pressure. High blood pressure by itself, however,
does not cause any perceivable symptoms so potentially the adverse effects of high blood pressure, or longer term health impacts,
such as stroke and coronary heart disease, need to be made clearer.
The request to learn more about the sources of salt is consistent
with the ﬁnding that people misperceived the key sources of salt.
The medical community was seen as the most preferred source
of information, which increased signiﬁcantly with age. Food labels
and packaging was also seen as important, which could be linked
to participants’ belief in the role of the food industry in achieving
salt reduction. Also the proximity of the advice and information
to the product at the point of purchase is seen as convenient. Television, online social websites (e.g., blogs, and discussions), and
newspapers were the preferred mediums of communication.
Whilst there were no gender differences, interest in magazines
and websites decreased with age, whilst interest in newspapers increased with age and interest in television peaked in the middleage group. These preferences for communication mediums should
be taken into account when deploying targeted campaigns.
The current novel study had several strengths, such as using
large samples in multiple countries and applying combined nutritional science, epidemiology, and behavioural science techniques
to salt reduction. However, some limitations were present in the
current study, which should be taken into consideration when
interpreting the ﬁndings. In the absence of a validated salt questionnaire that took into account discretionary salt use, a new Salt
FFQ had to be developed for the current study. This development
was particularly challenging as salt had to be measured across
many countries with differing products and cooking habits.
Although not the express purpose, the average salt intake derived
from the Salt FFQ per country was comparable to country averages
reported from national nutritional surveys. Further efforts will be
made to extend the validation of this questionnaire. Furthermore,
while the study sample was largely representative of the general
population, India had a slight overrepresentation of highly
educated people and the surveys in India and South Africa were
only available to English-speaking people and all surveys were
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complete only by people with internet access. This could inﬂuence
the generalisability of the results.
As a ﬁrst step towards a strategy for global salt reduction, country speciﬁc results from this research study have been used as
input for local workshops designed to develop national strategies
for salt reduction in each country. These were organised by the
International Union of Nutrition Sciences, in collaboration with
Unilever, with stakeholders from various sectors (government,
non-government organisations, food industry and retailers). It is
also strongly encouraged that these ﬁndings be taken on further
by national and international teams working towards salt
reduction at a population level, particularly as these insights can
help to increase the success of future interventions (Prochaska &
Velicer, 1997).
Conclusions
Important insights into understanding attitudes and beliefs
towards salt reduction in an international setting were derived.
Similarities and signiﬁcant differences were evident between
countries, suggesting that whilst some strategies can be international, local tailoring is required. Notably, a large proportion of
people were not interested in salt reduction, suggesting that efforts
to promote interest in salt reduction are still warranted, particularly given the high levels of salt intake globally. This highlights
that interventions need to take into account which stage of change
the majority of the country’s population is in, and adapt strategies
accordingly, whether to focus on increasing awareness, or motivation. In all countries there was a misperception of own intake, of
main sources of intake in the diet, and about what the current recommendations were. This indicates that further education on salt
intake recommendations, and main sources of salt intake (particularly those that are hidden sources), is warranted. Salt reduction
was seen as important and healthy to the majority of participants.
Interestingly, participants saw themselves as responsible for their
own salt intake, but food manufacturers also played a role, with
a lesser focus on governments and international organisations. Participants had clear ideas on what, from whom and how they
wanted to learn about the importance of salt reduction, and advantage should be taken of these insights to ensure that people are
motivated to pay attention to the communications. The ﬁndings
from this study should, and will be used to develop strategies
and interventions for national, scalable salt reduction efforts.
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