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ABSTRACT

Introduction High dietary sodium is a leading contributor
to hypertension, and hypertension is the leading underlying
cause of death globally. There is a robust body of evidence
supporting the health benefits of sodium reduction.
Sodium intake in South Korea is high, with about half

the population consuming >4000 mg/day, twice the
recommended upper limit.

Methods In 2012, South Korea implemented its National
Plan to Reduce Sodium Intake, with a goal of reducing
population sodium consumption by 20%, to 3900 mg/

day, by 2020. The plan included five key components: (1)
a consumer awareness campaign designed to change
food consumption behaviours; (2) increased availability

of low-sodium foods at schools and worksites; (3)
increased availability of low-sodium meals in restaurants;
(4) voluntary reformulation of processed foods to lower
sodium content; and (5) development of low-sodium
recipes for food prepared at home. Monitoring and
evaluation included tracking sodium intake and sources

of dietary sodium using the Korea National Health and
Nutrition Examination Survey.

Results By 2014, South Korea had reduced dietary
sodium consumption among adults by 23.7% compared
to a survey conducted in 2010 prior to implementation

of a nationwide salt reduction campaign that used this
comprehensive, multipronged approach. The reductions

in sodium intake were accompanied by reductions in
population blood pressure and hypertension prevalence.
Although causal associations between the sodium
reduction programme and reduced sodium intake cannot
be made, the declines occurred with the introduction of the
programme.

Conclusion Multicomponent interventions have great
potential to reduce population sodium intake. Lessons
learnt from South Korea could be applied to other countries
and are likely very relevant to other Asian countries with
similar food sources and consumption profiles.

INTRODUCTION

High dietary sodiumisaleading contributor to
hypertension, and hypertension is the leading
underlying cause of death globally.' * High
dietary sodium may also increase the risk of
gastric cancer.! An estimated $million deaths
and 70million disability adjusted life years

Key questions

What is already known?

» High dietary sodium is a leading contributor to hy-
pertension, and hypertension is the leading underly-
ing cause of death globally.

» There is a robust body of evidence supporting the
health benefits of sodium reduction.

» However, most people worldwide, including in South
Korea, consume far more than the recommended
upper limit of sodium due to the increased risk of
chronic disease above that level.

What are the new findings?

» The salt reduction programme in Korea is one of the
only programmes that has been shown to reduce
salt consumption in a population.

» By implementing a comprehensive, multipronged
approach to dietary sodium reduction, South Korea
reduced dietary sodium intake among adults by
23.7% between surveys conducted in 2010 and
2014.

» The reductions in sodium intake were accompa-
nied by reductions in population blood pressure and
hypertension prevalence. Although retrospective
observational studies cannot establish causality,
the reduction in sodium intake occurred with pro-
gramme implementation and we were not able to
identify other factors that could account for this
decline.

What do the new findings imply?

» The results in South Korea confirm that multicom-
ponent interventions have great potential to reduce
intake of discretionary and other sources of sodium
in a population.

» Lessons learnt from South Korea could be applied to
other countries and are likely very relevant to other
Asian countries with similar food sources and con-
sumption profiles.

(DALYs) were attributed to excess dietary
sodium in 2017." Dietary recommendations
from governmental and non-governmental
public health organisations find a robust
body of evidence supporting the health
benefits of sodium reduction.” Most recently,
the National Academy of Medicine (USA)
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developed dietary guidance for public policy in the USA
and Canada that recommends sodium intakes below
2300mg/day based on the increased risk of chronic
disease above that level.!

The World Health Organization (WHO) has estab-
lished a target for adult sodium consumption of less than
2000 mg/day (equivalent to less than 5 g a day of salt).”
WHO has designated reducing sodium intake as a ‘best
buy’ to avoid premature deaths and reduce the economic
impact of non-communicable diseases (NCDs) in low-
income and middle-income countries.’ It is estimated
that for every dollar invested to reduce dietary sodium,
there is a return of $13-18.78

Although at least 75 countries have begun to work in
this area,9 there are few success stories other than the
documented programmes in the United Kingdom'’ and
Finland."" The greatest successes appear to be in those
programmes that adopt multicomponent strategies and
incorporate interventions that address the structural
nature of the content of food, such as food product
formulation and food procurement policies.” '* This
manuscript presents a retrospective analysis of the impact
of the successful implementation of South Korea’s multi-
component national programme to reduce dietary salt in
South Korea between 2011 and 2014 using representative
national surveys of the South Korean population.

Because of the limitations of this type of retrospective
population study, we cannot document direct causality of
this programme to reductions in sodium intake. However,
the causal association between the sodium reduction
programme and reduced sodium intake is suggested by
temporal factors, and the decline in sodium consump-
tion occurred only after the described programme was
implemented. There were no other factors we can iden-
tify that could account for this decline.

Dietary sodium intake and attributable diseases in South
Korea prior to the sodium reduction intervention

Sodium intake in South Korea is high, with about half the
population consuming >4000mg/day, twice the recom-
mended upper limit."” Between 2007 and 2010, there was
a steady and continuous increase in population mean
sodium intake, from 4464 to 4831 mg/day, with a concur-
rent increase in prevalence of hypertension among
adults aged 30 years and older, from 24.5% to 26.9%."* In
2010, South Korea had among the world’s highest rates
of sodium intake, with an estimated 12% of deaths from
cardiovascular disease—more than 10 000—attributed
to excess sodium intake (>2000mg/day)."” The major
sources of sodium intake in Korea were kimchi (27%),
processed foods (20%) and condiments (38%; salt 16%,
soy sauce 9% and soybean paste 8%)."

METHODS

Interventions to reduce dietary sodium in children

The first effort by South Korea to reduce dietary sodium
consumption was initiated in 2007. A national taskforce

formed by the government to improve the safety of chil-
dren’s diet recommended a set of integrated measures
that included reducing sodium in food served to chil-
dren. Based on the taskforce report, the Special Act
on Safety Management of Children’s Dietary Lifestyle'®
went into effect in 2009. The Act included restrictions
on the sale and advertisement of energy-dense, nutrition-
poor foods commonly consumed by children (categories
include cookies/candies/popsicles, breads, chocolates,
dairy products, sausage, some beverages, instant noodles
and fast food). Further, the Act required that packaged
food and chain restaurant (>100 outlets) foods carry
nutrition labels, including sodium content. The Act also
recommended that these foods carry a traffic light-style
front-of-package label with a red-yellow—green colour
scheme to indicate whether they contain excessive levels
of sodium and other unhealthy nutrients."”

Expansion to adults

To address the increase in dietary sodium consumption
among adults, the South Korea Ministry of Health and
Welfare released the National Plan to Reduce Sodium
Intake in 2012, with a goal of reducing population
sodium consumption by 20%, to 3900 mg/day, by 2020."
The budget for the dietary sodium reduction programme
was secured following cost-benefit analyses showing that
for every $1 spent, there would be nearly $78 saved in
averted medical costs and economic losses to society
from reduced productivity and premature CVD-related
mortality.'’ The interventions to reduce sodium intake in
children formed the basis of sodium reduction strategies
for the entire South Korean population.

The National Plan included five key components: (1)
an awareness campaign among consumers designed to
lead to changes in food consumption behaviours; (2)
increases in availability of low-sodium foods at school and
worksite meal services; (3) increases in availability of low-
sodium meals in restaurants; (4) voluntary reformulation
of processed foods to lower the sodium content; and (5)
development of low-sodium recipes for food prepared at
home. Monitoring and evaluation of the plan included
using the Korea National Health and Nutrition Exam-
ination Survey (KNHANES) to track sodium intake and
sources of dietary sodium (survey methods are described
elsewhere).”” The Korea Food and Drug Administration
(KFDA) collected data on the level of sodium in foods to
ensure that changes in sodium content of processed food
were incorporated in KNHANES estimates of sodium
intake.

Awareness

To create awareness, a national movement that included
all key stakeholders (non-governmental organisations,
academia, health professionals, food industry and
media) was launched in conjunction with the KFDA. As
part of this, the Diet and Health Subgroup of the WHO
Nutrition Guidance Expert Advisory Group was invited
to convene its third meeting on sodium and potassium

2

Park H-K, et al. BMJ Global Health 2020;5:6002028. doi:10.1136/bmjgh-2019-002028



8 BMJ Global Health

guidelines in Seoul in December 2011. Attention to
salt reduction in the media was increased by the timely
publication of a paper outlining sodium sensitivity in the
Korean population.21

The National Movement to Reduce Sodium Intake
(NMRSI) was launched in March 2012, with cochairs
from the Korean National Academy of Medicine and
the Korea National Council of Consumer Organiza-
tions, in conjunction with the KFDA. A popular come-
dian, Soo Hong Park, was appointed as an ambassador
to provide additional visibility and public support for
the programme. To enhance food industry awareness
regarding excess dietary salt, NMRSI, with the support
of the KFDA, developed an autonomous and voluntary
Action Hub that included consumer, academic and food
industry organisational representatives. The Action Hub
established subcommittees on (1) meal service (food
provided at worksites and schools), (2) restaurants, (3)
the processed food industry, (4) consumers and (5)
academia and media relations. The Action Hub worked
to reduce the sodium content of food across sectors to the
greatest extent feasible. Changes in the sodium content
of the food supply, made gradually over time, were advo-
cated as a critical mechanism to put choice back into
consumers’ hands.* Specific examples from each sector
are noted below.

Schools

The sodium reduction programme in schools was volun-
tary, but was facilitated through the Korean Dietetic
Association and the Korean Ministry of Education.
As part of the Special Act, the government funded
a 4-year research and development effort to reduce
sodium in meals. Because schools have dietitians on
staff, the Korean Dietetic Association was able to use its
networks to share the recipes widely. With government
support and dietitians as the nutrition teachers respon-
sible for the school lunch programme at each school,
reducing sodium content in school lunches was imple-
mented smoothly through introduction of new lower salt
recipes. A mothers’ group that oversees the school lunch
programme also added its support. Additionally, the
Korean Ministry of Education facilitated the provision of
educational materials developed by the KFDA to schools.

Worksites

Worksites proceeded with sodium reduction in a similar
manner. Although the worksite programme was also
voluntary, worksites that feed more than 100 people are
required to have a dietitian on staff, so it was possible
for the Korean Dietetic Association to share lower salt
recipes and more broadly influence meals prepared in
other venues, including in the home. For both schools
and worksites, a ‘healthier meal service’ programme
promoted interventions such as ‘Wednesdays without
soups’ (soup is one of the main sources of sodium intake
in Korea),” smaller soup bowls to reduce portion size

and sodium consumption, and lower sodium menu
options generally.

Restaurants

Restaurants were encouraged tojoin avoluntary ‘healthier
restaurants’ programme, which helped recognise and
publicise food service establishments that provided
at least some lower sodium food options. Consumers
could track sodium consumption from food eaten at
restaurants through a mobile app. Some local govern-
ments developed customised programmes and provided
participating restaurants with plaques to recognise their
involvement in the programme. There was also signifi-
cant education about lower salt recipes and contests for
recipe development of lower sodium food among culi-
nary students, which could influence the sodium content
of restaurant food in the future.

Food industry

The NMRSI processed food subcommittee, with support
from the KFDA, convened meetings with the food
industry. Food manufacturers, especially those making
packaged foods and condiments, were encouraged to
voluntarily reformulate products to contain less sodium.
The KFDA suggested that industry reduce the sodium
content of key food categories (based on an analysis of
the major sources of sodium in the South Korean diet)*
by 10%, with the ultimate goal of achieving reductions
significant enough to decrease sodium intake by 20% by
2020. Processed food producers committed to reduce
sodium by between 1% and 50% in a variety of food cate-
gories.” ** To help industry successfully reduce sodium,
the KFDA funded the Korea Food Industry Association
(KFIA) to develop a guideline for sodium reduction in
processed foods.

The most important category of food addressed was
kimchi (a staple side dish made from fermented pickled
cabbages, radishes and other vegetables that is preserved
with salt), the single biggest contributor to salt intake
in South Korea."” * A special refrigerator dedicated
to kimchi, a so called ‘kimchi refrigerator’, first intro-
duced in 1995, had gained public interest by 2003 and
spread to more than 92% of South Korean households
by 2015. This coincidental change allowed for a reduced
sodium content of packaged kimchi because of the lower
storage temperature. Industry concerns over the taste,
shelf life and food safety of kimchi when lowering the
sodium content were also addressed through govern-
ment sponsored research and the ability to maintain the
kimchi refrigerator temperature at =2 to 2°C. Other key
food dishes contributing to sodium intake were noodles,
soups, stews and rice dishes (figure 1).

Consumers

Consumers were a major target of the awareness efforts.
Home preparation of kimchi was also targeted, as a
considerable proportion of kimchi is still prepared and
preserved at home. Consumers were encouraged to
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Figure 1 Mean sodium intake and contribution to total sodium intake by individual food type, 2008-2009. Adapted from: Yon
20
etal.

use kimchi refrigerators to preserve the lower sodium
kimchi. They were also provided with reduced-sodium
recipes for kimchi and other popular dishes. The recipes
were developed as part of the research and development
effort funded under the Special Act discussed above.
There were also educational efforts through classes given
by the National Council of Homemakers.

Monitoring and evaluation

South Korea has an extensive, high-quality surveillance
and monitoring system for population blood pressure
measurement and dietary salt consumption, with data on
blood pressure and dietary intake collected routinely as
part of KNHANES.” Implemented in 1998, KNHANES
was expanded in 2007 from a triennial survey to ongoing
year-round data collection from a representative popula-
tion sample of 10000 Koreans annually.*’

Dietary sodium intake and sources of sodium intake
are assessed by 24hours dietary recall using a food
composition table. The food composition database is
updated every byears, which limits analysis of the sodium
content of foods to that interval. However, during the
sodium reduction initiative, the KFDA tracked sodium
levels in packaged foods and provided this information
to the Korea Centers for Disease Control and Preven-
tion (KCDC) annually to include in the food database
for KNHANES. The KCDC issues annual health statistics
compiled from KNHANES surveys, including population
food and nutrient intake.” In 2015, the Ministry of Food
and Drug Safety (formerly KFDA) supported a study to
analyse the sources of sodium in the South Korean diet
using the detailed sodium level data collected by KFDA,
and looked at changes between 2010 and 2013 based on
the corresponding KNHANES data.*

With the raw data from KNHANES (https://knhanes.
cdc.go.kr/knhanes/eng/index.do) released annually
by KCDC, we analysed changes in population sodium
intake, systolic blood pressure, diastolic blood pressure
and hypertension prevalence by sex and age group

between 2010 and 2014. Because the KNHANES data
were collected using a complex sampling design involving
cluster and stratified samplings, data were analysed by
applying integrated weights reflecting primary sampling
units, strata (Kstrata) and response rate. Continuous
variables are presented as a mean value + standard error
(SE). Categorical variables are presented as a percentage
and verified for significance through complex sample
general linear model t-tests and complex sample y” tests
using the SURVEYREG procedure of SAS (release V.9.2).
Hypertension was defined as systolic blood pressure over
140mm Hg, diastolic blood pressure over 90 mm Hg, or
taking medication to treat hypertension.

Patient and public involvement

Patients and the public were involved with the data collec-
tion process for this study through participation in the
KNHANES, for which they provided informed consent.
KNHANES reports only aggregate population-level data
on health status and does not use personally identifiable
patient information. Because KNHANES is conducted
by the government for the public welfare, beginning in
2015, itis exempt from ethics approval by the Institutional
Review Board (IRB); this study is a secondary analysis
of population-level data from the IRB exempted study.
Before 2015, KNHANES had been conducted under
IRB approval in the KCDC (IRB 2012-01EXP-01-2C,
2013-07CON-03-4C and 2013-12EXP-03-5C).

RESULTS

The changes in sodium intake in the South Korean popu-
lation lyear of age and older are shown in figure 2A.
There was a 19.5% reduction in average sodium intake,
from 4831 mg/day to 3890 mg/day, between 2010 and
2014 (p<0.0001). Both males and females (lyear and
older) reduced their daily sodium intake by about 20%,
from 5666 mg/day to 4557 mg/day for males and from
3991 mg/day to 3223 mg/day for females (figure 2A,
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p<0.0001 for all comparisons). Declines in sodium intake
were 23.7% in adults overall and greatest (1346 mg/day)
among people aged 30-49 years (table 1, p<0.0001).
More than 80% of the reduction in dietary sodium
intake between 2010 and 2013 (665 mg/day of the
800 mg/day average reduction) was due to the change in
sodium content of foods.”® There was also a reduction in
consumption of foods high in sodium (figure 3A). Food
manufacturers successfully reformulated many processed
foods, particularly instant noodles, soy sauce, dressings
and kimchi, to contain less sodium (table 2). For example,
the sodium content of the top-selling brands of instant
noodles, which are typically high in sodium, was reduced
by between 13% and 33%. There was a 30%-40% reduc-
tion in the sodium content of kimchi over 5years. Sales

(A) Average daily sodium intake per person, 2010-2014. (B) Average change in daily sodium intake per person, by

of low-sodium soy sauce increased by 257% between 2012
and 2014, and sales of regular soy sauce decreased more
than 12% over that period.*®

The contribution of restaurant foods to sodium intake
increased from 27.0% in 2010 to 32.6% in 2013, with a
decline in the proportion of sodium intake from food
prepared at home from 53.7% to 43.0% (figure $B).* In
the 3years prior to 2010, there was little change in the
contribution from worksite meal service foods, restaurant
foods and home foods. Sodium density (per 1000 kcal)
decreased in food consumed at worksite meal services,
restaurants and home, but increased in convenience
store foods and other snack foods.*®

Along with the 23.7% reduction in sodium consump-
tion by adults between 2010 and 2014, there were also
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Table 1 Changes in hypertension and dietary sodium intake in Korean adults between 2010 and 2014

Sodium intake (mg/day)

2010

DBP (mm Hg)

2010

SBP (mm Hg)

2010

Hypertension prevalence (%)

2010

P value

2014

P value
<0.0001
<0.0001
<0.0001

2014

P value
<0.0001

2014

P value
<0.0001

2014

5194+62 3961+50 <0.0001

6185+85
4230+68

74.8+0.3

77.2+0.3

116.3+0.3

119.6+0.4

29.3+0.9 23.8+0.8

All adults

Men

<0.0001

4657+75

119.1+0.4  <0.0001 80.3+t0.4 77.5+0.3
113.6+0.4  <0.0001

122.2+0.4

26.0+1.2 <0.0001

33.5+1.3

<0.0001

3278+50

72.1+£0.3
71.5+0.4
75.6+0.3

74.2+0.3

117.1£0.5
110.3+0.6
115.5+0.4

0.0286
0.008
<0.0001

21.7+1.1

25.2+1.1

Women

<0.0001
<0.0001

4035+133
4327+65
3960+89
2946+70

4913+140
5673+89

0.0446
<0.0001
<0.0001
<0.0001

0.9341  72.9+0.5
<0.0001

110.2+0.6

0.7

12.7+0.9

2.2+
34.9+1.6

6.6+1.1

18.6+1.0

19-29years

77.4+0.3

112.3+0.4

30-49years

<0.0001
<0.0001

5235+114

<0.0001  81.1+0.4 78.0+0.3
76.4+0.4

120.7+0.5
126.5+0.5

126.6+0.6

133.8+0.7

<0.0001

47.7+1.3

50-64 years
65years+

4043+100

71.3+0.4

<0.0001

60.5+1.7 0.0009

63.9+1.6

Data reported as mean value+SE.

DBP, diastolic blood pressure; SBP, systolic blood pressure; SE, Standard error.

decreases in population blood pressure and in hyper-
tension prevalence between 2010 and 2014 in both men
(from 33.5% to 26.0%, p<0.0001) and women (from
25.2% to 21.7%, p<0.0286) aged 30 years and older
(table 1). From 2010 to 2014, the rate of death from cere-
brovascular diseases (ICD-10 160-169) decreased from
53.2 to 48.2 per 100000 population (changes are not
statistically significant) 2" There was a statistically insignif-
icant change in the overall rate of mortality from circula-
tory system diseases (ICD-10 100-199), from 112.5 to 113.9
per 100000 population during the same period.”’

DISCUSSION

In 2007, South Korea launched a programme to reduce
dietary salt consumption by children. By 2009, the
KFDA had begun to work on reducing dietary salt in
the full population. Between 2010 and 2014, there was
a reduction in dietary sodium consumption by adults of
23.7% with a corresponding 19% reduction in hyper-
tension prevalence. Sodium intake was also reduced in
children. The reductions in sodium intake over 4years
are impressive when compared with other successful
national programmes such as in Finland, which over 30
years reduced sodium intake 36% with approximately a
10mm Hg reduction in diastolic blood pressure,” and in
England, which reduced dietary sodium by 15% over 9
years with a decline in systolic blood pressure of 2.7mm
Hg and a decline in diastolic blood pressure of 1.1 mm
Hg."” Other less well-described national population
sodium reduction programmes have also reduced dietary
sodium consumption, but at a slower rate.’

In South Korea, there was opposition and resistance
from the food industry, as was anticipated based on
the experiences of other countries and jurisdictions
attempting to reduce the sodium content of food.
Engaging in dialogue with the food industry and having
its representatives participate in educational forums
sponsored by non-governmental organisations, providing
research and development support for product refor-
mulation efforts, and allowing the KFIA to develop
and disseminate guidelines for sodium reduction of
processed foods facilitated industry engagement and
ownership of the issue. Questions on the feasibility of
sodium reduction in kimchi were successfully addressed
through governmentfunded research and the increased
popularity of kimchi refrigerators. Vociferous support for
this initiative from consumer groups, and in particular
from mothers’ groups, was likely essential to its success.

Budgetary concerns about the programme’s cost were
allayed by economic analyses showing a large net fiscal
benefit from reductions in healthcare and other Costs,19
and the implementation of a stepwise approach eased
worries that the programme was going too far, too fast.
Initial public indifference towards the programme and
its goals was countered with a continuous process of
awareness-raising and publicity.
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Interventions to substitute potassium chloride salt for
standard sodium chloride table salt did not gain much
traction in South Korea. Potassium chloride is more
expensive and can be bitter tasting in high concentra-
tions. This effect is amplified when potassium chloride
is suspended in liquids such as sauces and soups. There
were also fears that increased potassium would lead to
increased complications among people with kidney
disease, which reduced support for low-sodium salt
substitutes.

Limitations

This study of the South Korean population is based on
statistical analysis of population health data. Because
this was a retrospective population study, there was no
control population. Surveys were cross-sectional, limiting
our ability to conduct longitudinal analyses, thus, direct
causality cannot be inferred between the specified inter-
ventions and changes in population dietary sodium
intake. However, the surveys were large and were repre-
sentative of the South Korean population.

(A) Causes of reduction in sodium intake, 2010 and 2013. (B) Change in proportion of sodium intake by meal source,

A limitation of the South Korean salt reduction
programme is that sodium intake was measured by dietary
recall, which may not be a reliable standard measure of
sodium intake.” Dietary recall data on sodium consump-
tion were self-reported, introducing the danger of a social
response bias, but because surveys were anonymous,
we have no reason to expect a large effect from such a
bias. While spot urine samples were collected once by
KNHANES before the initiative took place, this method
is also not very reliable,”” and 24hours urine samples
(the gold standard measure) have not been collected by
KNHANES. In a meta-analysis by McLean et al, dietary
recall underestimated dietary sodium intake compared
with sodium excreted in 24hours urinary collections
by 466 mg/day in high-income countries (with higher
underestimates in middle-income countries).31 It is also
notable that 24hours urine sodium excretion is lower
by 7% than the amount of sodium ingested in carefully
conducted metabolic studies.* However, validation
studies of 24hours dietary recall versus 24hours urine
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Table 2 Top five food sources of sodium intake in 2010 and 2013

2010

2013

Sodium in food Food

(mg/100g)

Sodium intake (mg/

day)

Sodium in food Food

(mg/100g)

Sodium intake (mg/

day)

intake (g)

intake (g)

Proportion

(%)

Type of food/
ingredient

Salt

Proportion

(%)

Type of food/
ingredient

Salt

Mean

Mean
NA
600

Mean

Rank

Mean

Mean
NA

1151

Mean

Rank

1

2.9
65.1

25.0

957.2

1

2.7
71.3

18.7

904.4
817.5

10.6

406.5

Kimchi, Nappa

cabbage

16.9

Kimchi, Nappa

cabbage

6.5

6043

0.3
7.5

4.1

8 Soy sauce 392.8 1

6.7

410.1 8.5 6121

Soy sauce

8
4

5.8
6.2

4926

285.7

Soybean paste

6.2

4610

5.9
4.2

285.8
203.6

Soybean paste

2547

157.9

Red pepper paste

6.3

3232

Red pepper paste

Adapted from: Kim et al.?®

collection performed in South Korea found no substan-
tive difference in sodium intake between the recall and
urine studies.” ** This may reflect better food composi-
tion databases and methodology of 24 hours dietary recall
studies in South Korea; hence, dietary sodium intake may
be more accurate in this report than the average error
reported by McLean et al. KNHANES also used the same
methodology and trained interviewers (licensed dieti-
tians) for 24 hours dietary recalls in each survey period, so
that the decrease in sodium intake over the 4-year study
period is likely valid regardless of the potential for a small
underestimation in the 24 hours recall methodology.

Other limitations include the generalisability of the
South Korean experience to other countries. The Korean
food environment based on soy sauce and salty pastes is
similar to several other Asian countries, and several of
the interventions such as education and working with
a reluctant food service industry are likely to be similar
in other countries. We do not have comparable data for
sodium consumption in countries with similar dietary
profiles, which prevents any direct geographic compar-
ison. Kimchi is relatively unique to Korea, and a unique,
previously introduced kimchi refrigerator was heavily
promoted to increase its use for storing kimchi at lower
temperatures without the need for high salt content for
preservation. Thus, it may be difficult to generalise this
intervention to other countries. However, colder refrig-
erator temperatures as used in the kimchi refrigerator
may also be generalisable to maintain shelf-life for other
foods that currently rely in part on high sodium concen-
trations for preservation.

The causal association between the sodium reduction
programme and reduced sodium intake is suggested
by temporal factors, as sodium intake increased during
the years preceding implementation of the programme,
while after implementation a large, statistically signif-
icant decrease occurred. There were no other factors
we can identify that could account for this decline. It
is theoretically possible that other factors contributed
to reductions in sodium intake, however, the decline in
sodium consumption occurred only after the described
programme was implemented.

CONCLUSION
Because South Korea’s initial National Plan to Reduce
Sodium Intake reached its target Gyears ahead of the
original schedule, a second plan was prepared, with a
goal of reducing sodium intake even further, to 3500 mg/
day per capita by 2020. The second plan incorporates
continued change to individual dietary habits, expanded
production of low-sodium foods, maintaining technical
support to the food industry, enhanced data collection
and dissemination and reinforcement of the national
policy towards dietary sodium reduction.

South Korea’s programme achieved success because
it took a comprehensive, multisectoral approach to
reducing the sodium content in the food supply by

Park H-K, et al. BMJ Global Health 2020;5:6002028. doi:10.1136/bmjgh-2019-002028



8 BMJ Global Health

attacking the problem on many fronts. This included
addressing the sodium content in packaged, processed
and manufactured foods; meals prepared by commer-
cial establishments including restaurants, school and
workplace cafeterias; and food prepared by consumers
at home. Further, the sources of sodium in South Korea
were well understood and key sources were targeted,
particularly kimchi.

The progress made by South Korea can be translated
to other countries, and in particular Asian countries
with similar food sources and consumption profiles.
Although kimchi is not common outside Korea, instant
noodles and soy sauce are eaten widely across the Asia-
Pacific region; reducing the sodium content of these
items can contribute to substantial reductions in sodium
intake. These successes have already reduced sodium
consumption, hypertension and CVD, and continued
strengthening of sodium reduction programmes should
be expected to produce even better results and larger
improvements in health.

Author affiliations

"Director, Center for Children’s Foodservice Management, Osong, Republic of Korea
2Department of Food & Nutrition, Shingu College, Seongnam, Republic of Korea
%Korea Ministry of Food and Drug Safety, Osong-eup, Republic of Korea
*Nutrition & Functional Food Research Team, Korea Ministry of Food and Drug
Safety, Osong-eup, Republic of Korea

%ICT Management & Statistics Office, Korea Ministry of Food and Drug Safety,
Osong-eup, Republic of Korea

®imported Food Safety Policy Bureau, Korea Ministry of Food and Drug Safety,
Osong-eup, Republic of Korea

"Cardiovascular Health Initiative, Resolve to Save Lives, New York, New York, USA
®Department of Medicine, University of Calgary, Calgary, Alberta, Canada
®Executive Director, Korea Health Industry Development Institute, Cheongju,
Republic of Korea

Acknowledgements The authors would like to acknowledge the invaluable
contributions made by persons from the Ministry of Food & Drug Safety (formerly
Korea Food & Drug Administration) including Jung-Eun Kong, Hae-Na Kim, Jee-Eun
Jang, Jee-Young Yeon and Soon-Kyu Lee, who assisted in various phases of policy
implementation. The progress in sodium reduction would not have been possible
without their devoted work and collaboration with food manufacturers. We also
thank Dr Miyong Yon for her assistance with statistical analysis.

Contributors Each of the listed authors meets the criteria for 'Authorship' in
accordance with the ICMJE recommendations as outlined below. Substantial
contributions to the conception or design of the work; drafting the work or revising
it critically for important intellectual content; final approval of the version to be
published; agreement to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Funding This analysis was conducted with support from Resolve to Save Lives,
an initiative of Vital Strategies. Resolve to Save Lives is funded by grants from
Bloomberg Philanthropies; the Bill and Melinda Gates Foundation; and Gates
Philanthropy Partners, which is funded with support from the Chan Zuckerberg
Foundation.

Competing interests NRCC is a member of World Action on Salt and Health
(WASH).

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting or dissemination plans of this research. Refer to
the 'Methods' and 'Patient and public involvement' sections for further details.

Patient consent for publication Not required.

Ethics approval Before 2015, KNHANES had been conducted under IRB approval in
the KCDC (IRB 2012-01EXP-01-2C, 2013-07CON-03—-4C and 2013-12EXP-03-5C).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data used for analysis are available in public,

open access repositories: https://knhanes.cdc.go.kr/knhanes/sub04/sub04_

03.do for yearly health statistics by KCDC; http://kosis.kr/statHtml/statHtml.do?
orgld=101&tblld=DT_1B34E01&conn_path=I2&language=en for death rates by
cause by Statistics Korea; and https://www.khidi.or.kr/board/view?pageNum=
1&rowCnt=10&n01=749&linkld=48825415&menuld=MENU00085&maxIndex=
00488254159998&minindex=00002101249998&schType=08&schText=&
schStartDate=&schEndDate=&boardStyle=&categoryld=_&continent=&country= for
dietary sources of sodium.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1 GBD 2017 Diet Collaborators. Health effects of dietary risks in 195
countries, 1990-2017: a systematic analysis for the global burden of
disease study 2017. Lancet 2019;393:1958-72.

2 GBD 2017 Risk Factor Collaborators. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental
and occupational, and metabolic risks or clusters of risks for 195
countries and territories, 1990-2017: a systematic analysis for the
global burden of disease study 2017. Lancet 2018;392:1923-94.

3 Frieden TR. Sodium Reduction--Saving Lives by Putting Choice Into
Consumers' Hands. JAMA 2016;316:579-80.

4 National Academies of Sciences, Engineering, and Medicine.
Sodium: dietary reference intakes based on chronic disease. In:
Stallings VA, Harrison M, Oria M, eds. Dietary reference intakes for
sodium and potassium. Washington: The National Academies Press,
2019: 263-367.

5 World Health Organization. Diet, nutrition and the prevention of
chronic diseases: report of a joint WHO/FAO expert consultation.
Geneva: World Health Organization, 2003. https://www.who.int/
dietphysicalactivity/publications/trs916/en

6 World Health Organization. Tackling NCDs: “best buys” and other
recommended interventions for the prevention and control of
noncommunicable diseases. Geneva: World Health Organization,
2017. https://www.who.int/ncds/management/best-buys/en

7 Nugent R. Benefits and costs of the non-communicable disease
targets for the post-2015 development agenda. Tewksbury, MA:
Copenhagen Consensus Center, 2015. http://dcp-3.org/resources/
benefits-and-costs-non-communicable-disease-targets-post-2015-
development-agenda

8 World Health Organization. Saving lives, spending less: a strategic
response to noncommunicable diseases. Geneva: World Health
Organization, 2018. https://www.who.int/ncds/management/ncds-
strategic-response/en

9 Trieu K, Neal B, Hawkes C, et al. Salt Reduction Initiatives around
the World - A Systematic Review of Progress towards the Global
Target. PLoS One 2015;10:e0130247.

10 He FJ, Brinsden HC, MacGregor GA. Salt reduction in the United
Kingdom: a successful experiment in public health. J Hum
Hypertens 2014;28:345-52.

11 Karppanen H, Mervaala E. Sodium intake and hypertension. Prog
Cardiovasc Dis 2006;49:59-75.

12 Barberio AM, Sumar N, Trieu K, et al. Population-Level interventions
in government jurisdictions for dietary sodium reduction: a cochrane
review. Int J Epidemiol 2017;46:1551-1405.

13 Lee HS, Duffey KJ, Popkin BM. Sodium and potassium
intake patterns and trends in South Korea. J Hum Hypertens
2013;27:298-303.

14 Korean Centers for Disease Control and Prevention. Reports: 2017
National Health Statistics [web page]. Osong-eup, South Korea:
Korean Centers for Disease Control and Prevention, 2019. https://
knhanes.cdc.go.kr/knhanes/sub04/sub04_03.do

15 Mozaffarian D, Fahimi S, Singh GM, et al. Global sodium
consumption and death from cardiovascular causes. N Engl J Med
2014;371:624-34.

16 Korea Legislation Research Institute. Policy — Special Act on Safety
Management of Children’s Dietary Lifestyle. Geneva: World Health
Organization, 2014. https://extranet.who.int/nutrition/gina/en/node/
22937

17 World Cancer Research Fund International. Nutrition label standards
and regulations on the use of claims and implied claims on food.

Park H-K, et al. BMJ Global Health 2020;5:6002028. doi:10.1136/bmjgh-2019-002028


https://knhanes.cdc.go.kr/knhanes/sub04/sub04_03.do
https://knhanes.cdc.go.kr/knhanes/sub04/sub04_03.do
http://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1B34E01&conn_path=I2&language=en
http://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1B34E01&conn_path=I2&language=en
https://www.khidi.or.kr/board/view?pageNum=1&rowCnt=10&no1=749&linkId=48825415&menuId=MENU00085&maxIndex=00488254159998&minIndex=00002101249998&schType=0&schText=&schStartDate=&schEndDate=&boardStyle=&categoryId=&continent=&country=
https://www.khidi.or.kr/board/view?pageNum=1&rowCnt=10&no1=749&linkId=48825415&menuId=MENU00085&maxIndex=00488254159998&minIndex=00002101249998&schType=0&schText=&schStartDate=&schEndDate=&boardStyle=&categoryId=&continent=&country=
https://www.khidi.or.kr/board/view?pageNum=1&rowCnt=10&no1=749&linkId=48825415&menuId=MENU00085&maxIndex=00488254159998&minIndex=00002101249998&schType=0&schText=&schStartDate=&schEndDate=&boardStyle=&categoryId=&continent=&country=
https://www.khidi.or.kr/board/view?pageNum=1&rowCnt=10&no1=749&linkId=48825415&menuId=MENU00085&maxIndex=00488254159998&minIndex=00002101249998&schType=0&schText=&schStartDate=&schEndDate=&boardStyle=&categoryId=&continent=&country=
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/S0140-6736(19)30041-8
http://dx.doi.org/10.1016/S0140-6736(18)32225-6
http://dx.doi.org/10.1001/jama.2016.7992
https://www.who.int/dietphysicalactivity/publications/trs916/en
https://www.who.int/dietphysicalactivity/publications/trs916/en
https://www.who.int/ncds/management/best-buys/en
http://dcp-3.org/resources/benefits-and-costs-non-communicable-disease-targets-post-2015-development-agenda
http://dcp-3.org/resources/benefits-and-costs-non-communicable-disease-targets-post-2015-development-agenda
http://dcp-3.org/resources/benefits-and-costs-non-communicable-disease-targets-post-2015-development-agenda
https://www.who.int/ncds/management/ncds-strategic-response/en
https://www.who.int/ncds/management/ncds-strategic-response/en
http://dx.doi.org/10.1371/journal.pone.0130247
http://dx.doi.org/10.1038/jhh.2013.105
http://dx.doi.org/10.1038/jhh.2013.105
http://dx.doi.org/10.1016/j.pcad.2006.07.001
http://dx.doi.org/10.1016/j.pcad.2006.07.001
http://dx.doi.org/10.1093/ije/dyw361
http://dx.doi.org/10.1038/jhh.2012.43
https://knhanes.cdc.go.kr/knhanes/sub04/sub04_03.do
https://knhanes.cdc.go.kr/knhanes/sub04/sub04_03.do
http://dx.doi.org/10.1056/NEJMoa1304127
https://extranet.who.int/nutrition/gina/en/node/22937
https://extranet.who.int/nutrition/gina/en/node/22937

BMJ Global Health 8

18

19

20

21

22

23

24

25

26

London: World Cancer Research Fund International, 2018. https://
www.wcrf.org/sites/default/files/Nutrition-labels.pdf

Ji-sook B. Korea launches drive to reduce salt intake. Seoul:
Korea Herald, 2012. http://www.koreaherald.com/view.php?ud=
20120321001080

Lee C, Kim D-il, Hong J, et al. Cost-benefit analysis of sodium
intake reduction policy in Korea. Korean J Community Nutr
2012;17:341-52.

Yon M, Lee Y, Kim D, et al. Major Sources of Sodium Intake of the
Korean Population at Prepared Dish Level - Based on the KNHANES
2008 & 2009 -. Korean J Community Nutr 2011;16:473-87.

Shin SJ, Lim CY, Rhee M-Y, et al. Characteristics of sodium

sensitivity in Korean populations. J Korean Med Sci 2011;26:1061-7.

Institute of Medicine. The regulatory framework, an adaptable and
powerful tool for sodium intake reduction. In: Henney JE, Taylor
CL, Boon CS, eds. Strategies to reduce sodium intake in the United
States. Washington, DC: National Academies Press, 2010: 213-34.
Korea Food & Drug Administration. Sodium content in children’s
favorite sauces will be reduced; manufacturers of sauces, tomato
ketchup, dressings, and ready-to-eat packaged foods will participate
voluntarily [press release]. Osong, South Korea: Korea Food & Drug
Administration, 2012.

Korea Food & Drug Administration. Sodium reduction in processed
foods, 2nd round — soy based traditional sauces [press release].
Osong, South Korea: Korea Food & Drug Administration, 2011.
Kweon S, Kim Y, Jang M-jin, et al. Data resource profile: the Korea
National health and nutrition examination survey (KNHANES). Int J
Epidemiol 2014;43:69-77.

Kim C-I, Lee C, Lee Y, et al. Socio-economic effect of the sodium
reduction policy. Osong, South Korea: Korea Health Industry
Development Institute, 2015. https://www.khidi.or.kr/board/
view?pageNum=18&rowCnt=10&no1=749&linkld=48825415&

27

28

29

30

31

32

33

34

menuld=MENU00085&maxIndex=00488254159998&minIindex=
00002101249998&schType=08&schText=&schStartDate=&
schEndDate=&boardStyle=&categoryld=&continent=&country=
Deaths and death rates by cause. Daejeon, South Korea: statistics
Korea, 2018. Available: http://kosis.kr/statHtml/statHtml.do?orgld=
101&tblld=DT_1B34E01&conn_path=I2&language=en [Accessed 20
Mar 2020].

Pietinen P, Paturi M, Reinivuo H, et al. FINDIET 2007 survey: energy
and nutrient intakes. Public Health Nutr 2010;13:920-4.

McLean RM, Farmer VL, Nettleton A, et al. Twenty-Four-Hour diet
recall and diet records compared with 24-hour urinary excretion to
predict an individual's sodium consumption: a systematic review. J
Clin Hypertens 2018;20:1360-76.

Campbell NRC, He FJ, Tan M, et al. The International Consortium for
Quality Research on Dietary Sodium/Salt (TRUE) position statement
on the use of 24-hour, spot, and short duration (<24 hours) timed
urine collections to assess dietary sodium intake. J Clin Hypertens
2019;21:700-9.

McLean R, Cameron C, Butcher E, et al. Comparison of 24-hour
urine and 24-hour diet recall for estimating dietary sodium intake

in populations: a systematic review and meta-analysis. J Clin
Hypertens 2019;21:1753-62.

Lucko AM, Doktorchik C, Woodward M, et al. Percentage

of ingested sodium excreted in 24-hour urine collections:

a systematic review and meta-analysis. J Clin Hypertens
2018;20:1220-9.

Nam GE, Kim SM, Choi M-K, et al. Association between 24-h urinary
sodium excretion and obesity in Korean adults: a multicenter study.
Nutrition 2017;41:113-9.

Kong J-S, Lee Y-K, Kim MK, et al. Estimation model for habitual
24-hour urinary-sodium excretion using simple questionnaires from
normotensive Koreans. PLoS One 2018;13:e0192588.

10

Park H-K, et al. BMJ Global Health 2020;5:6002028. doi:10.1136/bmjgh-2019-002028


https://www.wcrf.org/sites/default/files/Nutrition-labels.pdf
https://www.wcrf.org/sites/default/files/Nutrition-labels.pdf
http://www.koreaherald.com/view.php?ud=20120321001080
http://www.koreaherald.com/view.php?ud=20120321001080
http://dx.doi.org/10.5720/kjcn.2012.17.3.341
http://dx.doi.org/10.5720/kjcn.2011.16.4.473
http://dx.doi.org/10.3346/jkms.2011.26.8.1061
http://dx.doi.org/10.1093/ije/dyt228
http://dx.doi.org/10.1093/ije/dyt228
https://www.khidi.or.kr/board/view?pageNum=1&rowCnt=10&no1=749&linkId=48825415&menuId=MENU00085&maxIndex=00488254159998&minIndex=00002101249998&schType=0&schText=&schStartDate=&schEndDate=&boardStyle=&categoryId=&continent=&country=
https://www.khidi.or.kr/board/view?pageNum=1&rowCnt=10&no1=749&linkId=48825415&menuId=MENU00085&maxIndex=00488254159998&minIndex=00002101249998&schType=0&schText=&schStartDate=&schEndDate=&boardStyle=&categoryId=&continent=&country=
https://www.khidi.or.kr/board/view?pageNum=1&rowCnt=10&no1=749&linkId=48825415&menuId=MENU00085&maxIndex=00488254159998&minIndex=00002101249998&schType=0&schText=&schStartDate=&schEndDate=&boardStyle=&categoryId=&continent=&country=
https://www.khidi.or.kr/board/view?pageNum=1&rowCnt=10&no1=749&linkId=48825415&menuId=MENU00085&maxIndex=00488254159998&minIndex=00002101249998&schType=0&schText=&schStartDate=&schEndDate=&boardStyle=&categoryId=&continent=&country=
https://www.khidi.or.kr/board/view?pageNum=1&rowCnt=10&no1=749&linkId=48825415&menuId=MENU00085&maxIndex=00488254159998&minIndex=00002101249998&schType=0&schText=&schStartDate=&schEndDate=&boardStyle=&categoryId=&continent=&country=
http://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1B34E01&conn_path=I2&language=en
http://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1B34E01&conn_path=I2&language=en
http://dx.doi.org/10.1017/S1368980010001102
http://dx.doi.org/10.1111/jch.13391
http://dx.doi.org/10.1111/jch.13391
http://dx.doi.org/10.1111/jch.13551
http://dx.doi.org/10.1111/jch.13729
http://dx.doi.org/10.1111/jch.13729
http://dx.doi.org/10.1111/jch.13353
http://dx.doi.org/10.1016/j.nut.2017.04.006
http://dx.doi.org/10.1371/journal.pone.0192588

	Progress on sodium reduction in South Korea
	Abstract
	Introduction﻿﻿
	Dietary sodium intake and attributable diseases in South Korea prior to the sodium reduction intervention

	Methods
	Interventions to reduce dietary sodium in children
	Expansion to adults
	Awareness
	Schools
	Worksites
	Restaurants
	Food industry
	Consumers

	Monitoring and evaluation
	Patient and public involvement

	Results
	Discussion
	Limitations

	Conclusion
	References


