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Abstract

Background: Regular salt is about 100% sodium chloride. Low-sodium salts have reduced sodium chloride content, most
commonly through substitution with potassium chloride. Low-sodium salts have a potentia role in reducing the population's
sodium intake levels and blood pressure, but their availability in the global market is unknown.

Objective: The aim of this study is to assess the availability, formulation, labeling, and price of low-sodium salts currently
available to consumers worldwide.

Methods: Low-sodium saltswereidentified through asystematic literature review, Google search, online shopping site searches,
and inquiry of key informants. The keywords “ salt substitute,” “low-sodium salt,” “potassium salt,” “mineral salt,” and “sodium
reduced salt” in six official languages of the United Nations were used for the search. Information about the brand, formula,
labeling, and price was extracted and analyzed.

Results: A tota of 87 low-sodium salts were available in 47 out of 195 (24%) countries worldwide, including 28 high-income
countries, 13 upper-middle-income countries, and 6 lower-middle-income countries. The proportion of sodium chloride varied
from 0% (sodium-free) to 88% (as percent of weight; regular salt is 100% sodium chloride). Potassium chloride was the most
frequent component with levels ranging from 0% to 100% (potassium chloride salt). A total of 43 (49%) low-sodium salts had
labels with the potentia health risks, and 33 (38%) had labels with the potential health benefits. The median price of low-sodium
saltsin high-income, upper-middle-income, and lower-middle-income countries was US $15.00/kg (I1QR 6.4-22.5), US $2.70/kg
(IQR 1.7-5.5), and US $2.90/kg (IQR 0.50-22.2), respectively. The price of low-sodium salts was between 1.1 and 14.6 times
that of regular salts.
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Conclusions:
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Low-sodium salts are not widely available and are commonly more expensive than regular salts. Policies that

promote the availability, affordability, and labeling of low-sodium salts should increase uptake, hel ping popul ations reduce blood

pressure and prevent cardiovascular diseases.
International Registered Report Identifier (IRRID):

RR2-10.1111/jch.14054

(JMIR Public Health Surveill 2021;7(7):€27423) doi: 10.2196/27423
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Introduction

Cardiovascular diseases (CVDs) aretheleading causes of death
worldwide, and high blood pressureis aleading risk factor for
CVDs [1,2]. Dietary sodium intake is a strong causd
determinant of blood pressure levels [3,4]. The World Health
Organization (WHO) recommends reducing sodium intake as
one of the best-buy strategies for lowering the popul ation-level
risk of CVDsand set agoal of 30% reduction in the population
[5]. Different strategies are proposed to reduce dietary sodium
intake. Although the effect of sodium reduction interventions
on blood pressure has been demonstrated in controlled research
settings, there are few examples of sodium reduction at a
population scale[6,7]. Innovative strategies are needed to reduce
sodium intake from processed foods, food eaten outside the
home, and home cooked foods.

Regular salt is about 100% sodium chloride. Low-sodium salt
has reduced sodium chloride content, most commonly through
substitution with potassium chloride or magnesium sulphate.
There is a growing body of evidence supporting the use of
low-sodium salts as an effective intervention to reduce dietary
sodium intake, lower blood pressure, and thereby prevent the
adverse consequences of high blood pressure [8,9]. Although
one concern with low-sodium salts enriched with potassium
was the potentia risk for people who have advanced chronic
kidney disease (CKD) dueto hyperkalemia, a comparative risk
assessment model estimated that nationwide replacement of the
salt supply with potassium-enriched, low-sodium salt in China
could result in the prevention of 1 in every 9 deathsfrom CVD
and a net benefit with the use of low-sodium salts even in
individuals with CKD [10]. The approach of integrating
low-sodium salts as a public health intervention can potentially
reduce dietary sodium intake at the population level through
reformulating manufactured foods with low-sodium sdlts,
replacing cooking salt used at home or in restaurants with
low-sodium salts, or a combination thereof. Thus, population
uptake of low-sodium salts has been recommended as one of
seven priority strategies to reduce population sodium
consumption [11].

Low-sodium salts may have a potential role in enhancing
equitable accessto effective CVD prevention worldwide aslong
asitisaffordable and has sufficient reach to countriesregardless
of the income levels. However, little is known about the
availability and accessibility of this emerging product in the
global market or about factors that may affect equitable uptake
including formulation, price, or labeling. We, therefore,
performed a systematic search of low-sodium saltsto understand
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better their availability, formulation, labeling, and the price in
different countries.

Methods

This study was a systematic search of low-sodium salts
conducted from October 2019 to September 2020. The study
protocol has been published previously [12].

Definition of Low-sodium Salt

L ow-sodium salts were defined astable salt or cooking salt that
replaced sodium chloride content with other minerals such as
potassium chloride or magnesium sulphate. The sodium content
and terminology for low-sodium salts can vary. For example,
in some cases, the term salt substitute is used as a synonym for
low-sodium salt. In this study, we use the term low-sodium salts
as a category, including both sodium-reduced and sodium-free
salts. All low-sodium salts available for retail purchase were
eligiblefor inclusion, but those that had ceased production were
excluded.

Search Strategy

Low-sodium salts were identified from four sources. First, a
systematic literature search was conducted in MEDLINE,
Embase, and Cochrane Library from inception through March
2020 without language restrictions. The search strategies are
listed in Multimedia Appendix 1 and include the keywords of
“salt substitute,” “low sodium salt,” “potassium salt,” “mineral
sdt,” and “sodium reduced salt.” Second, we searched major
global online shopping sites, including Amazon, eBay, Walmart,
JD, and RedMart, to identify low-sodium sats. Third, we
executed asearch using Googl e advanced engine with aGoogle
Chrome browser from Australia. Initial keywords included
different terms describing low-sodium salts. The search
strategies are shown in Textbox 1. Initial keywords and country
names were combined for a Google search to identify the
availability of low-sodium saltsin different countries. Thefirst
25 results of each search were examined for eigibility. This
was primarily because the search results after the first 25 were
generaly unrelated to low-sodium salts. Six official languages
of the United Nations (Arabic, Chinese, English, French,
Russian, and Spanish) were used in the Google searches and
online shopping website searches considering that thelanguage
would influence the ranking of resulting pages. Google searches
were conducted using aGoogle Chrome browser. Thetrandation
from other languages to English was performed by the built-in
trandation service within the Google Chrome browser [13].
Fourth, we conducted semistructured interviews with key
informants who have been involved in the research,
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manufacturing, implementation, and promotion of low-sodium
salts. We used purposive and snowball sampling to recruit key
informants. Academic representatives were identified through
the systematic review, which was part of the broader
environmental scan. Corresponding authors of eligible studies
that were identified from the systematic review were contacted
via corresponding authors email addresses. Academic

Textbox 1. Keywords and terms in Google search strategy.

Yineta

representatives who participated in the interview were asked to
refer the study to potential key informants from relevant
government agencies or the salt manufacturing industry through
asnowball sampling strategy. A total of 18 key informantsfrom
9 countriesrepresenting all WHO regions provided information
about the low-sodium salts they knew. Results from four data
sources were combined, and duplicates were then removed.

Initial keywords

o “low-sodium salt,” “salt substitute,” “potassium salt,” “mineral salt,” “sodium reduced salt”

Terms of different aspectsrelevant to the salt substitutes
o Formula “formula” “composition,” “ingredient”
o Price “price” “cost”

«  Country: for example, “Finland,” “China,” “Italy”

. Sofety issue: “safety,” “adverse events,” “warning,” “danger,” “threatening”

To identify the low-sodium salts used in research studies, we
had broad inclusion criteria on the study population and study
types. All titles and abstracts of records identified in the
databases were screened for eligibility. Duplicated studieswere
excluded. Full texts of papers after eligibility screening were
obtained for independent review by two authors (XY and KCL).
Differences between reviewerswere resolved through discussion
or consultation with a third senior investigator (MT) when
necessary. Information about the low-sodium saltswas extracted.
Low-sodium salts were excluded if they were manufactured
exclusively for astudy but not availablefor ageneral population
or ceased production and were no longer availablein the market.

Data Extraction and Analysis

Data were extracted by one researcher (XY) to a predesigned
Microsoft Excel (Microsoft Corporation) sheet, including data
source, search date, product website, brand, formulation,
nutrition facts, safety warnings, and price. The price of regular
salt in the same brand was al so extracted from online shopping
websites for price comparison. Information on the low-sodium
salt was summarized by country. Price was converted into US
dollars per kilogram (US $/kg) using the exchange rate at the
time of the search. The international dollar of low-sodium salts

https://publichealth.jmir.org/2021/7/e27423

by the exchange rate in the year of 2020 was also reported for
considering purchasing power paritiesand the commodity prices
[14]. The average price of low-sodium salts was compared by
country income levels. The income levels were divided
according to the World Bank classification [15]. Statistical
analyseswere performed using Microsoft Excel and SPSS (IBM
Corp, Version 26).

Results

Summary of Identified L ow-sodium Salts

Our final analyses comprised 87 low-sodium sats that were
identified across 47 countries. Google searches identified 43
products. Another 41 products were identified from online
shopping sites. From the published research studies, 4440
abstractswere screened, 67 of them wererelated to low-sodium
salts, and 9 brands of low-sodium salts were identified from
full-text papers. A total of 8 low-sodium sats were
complemented from consulting experts. There were 8 duplicated
products and 6 discontinued products, which were removed
from the final analysis (Figure 1). Key characteristics of all
included low-sodium sats are described in Multimedia
Appendix 2.
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Figure 1. Flowchart of low-sodium salt indentification.

Google advanced Online shopping
search (n=43) website (n=41)

-
Literature review
(n=9)

A4

-
Expert consultant
(n=8)

Low-sodium salts
(n=101)

Excluded:
* Discontinued products (n=6)
¢ Duplicated products (n=8)

Low-sodium salts
(n=87)

O . Argenting, and Russia produced more than 1 brand of
Availability of L ow-sodium Salts low-sodium salt. Low-sodium salts were found in all seven
L ow-sodium salts were available in 47 countries, including 28 world regions defined by the World Bank. Most countries with
high-income countries, 13 upper-middle-income countries, and  |ow-sodium salts were located in the Europe and Central Asia
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the United Kingdom, Italy, China, India, France, Sweden, Figure 2).

Figure 2. Availability of low-sodium salt in different countries.
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Formulation and L abeling

Among low-sodium salts, the sodium chloride varied from 0%
(sodium-free) to 88% (as percent of weight, regular salt is 100%
sodium chloride). Potassium chloride varied from 0% to 100%.
A total of 51 low-sodium salts reported both sodium and
potassium levelswhose composition are shownin Figure 3. The

Yinet al

composition of low-sodium salts varied by different countries.
For example, less than 20% of the sodium chloride was replaced
in low-sodium salts produced in India, while at least 50% of
the sodium chloride wasreplaced in countriesin North America,
theMiddle East, and Latin America. Sodium-free salt substitutes
were mostly available in the United State and Canada (n=7).

Figure 3. The proportions of sodium chloride (NaCl), potassium chloride (KCI), and other minerals for low-sodium salts by regions (N=51).
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Among the 87 products, 41 (46%) were iodized, 46 (53%) had
nutrition facts information on their labels, and 55 (63%) had a
front of package labeling indicating less sodium in low-sodium
salt than regular salt. A total of 43 (49%) products had labels
advising potential health risks, 33 (38%) had labels advising
potential health benefits, 16 (18%) had labelswith both, and 27
(31%) had labels with neither. The labels advising potential
health risk was signed to warn high-risk populationswho might
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potentially be harmed by excessive potassium intake, but the
contents of these advisory labels varied. Examples of advisory
warning labels on low-sodium salt packages are shown in
Textbox 2. Thelabels advising potentia health benefitsincluded
lowering sodium intake without compromising taste, being
additional sources of potassium, and lowering blood pressure.
Examples of health benefit labels on low-sodium salt packages
are shown in Textbox 3.
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Textbox 2. Examples of advisory warning labels found on low-sodium salt packages.

“A good source of potassium. Should not be used by persons on a sodium or potassium restricted diet unless approved by a physician.” (United
States, Morton and Canada, Windsor)

“For normal healthy people. Persons having diabetes, heart or kidney disease, or receiving medical treatment should consult a physician before
using a salt alternative or substitute” (United States, Nu-salt)

“1t should be used with caution among people who are not suitable for high potassium intakes, such as high-temperature workers, heavy-labour
workers, renal dysfunction and hypertension patients taking antihypertensive drugs.” (China, China Salt)

“It is recommended to use the product under medical supervision.” (Italy, Novo sal)

“Medical advice should be sought for diet requiring low or restricted sodium or potassium intake. Not suitable for use with a certain diuretic.”
(Finland, Pansalt)

“In case of kidney or heart failure or high blood pressure, you should consult your doctor before use” (Russia, Mediterra salt)

Textbox 3. Examples of health benefit labels found on low-sodium salt packages.

“Pansdlt is a clinically-proven low-sodium salt with added essential minerals for a healthy heart. The low sodium mineral salt is the result of
many years of intensive scientific research and is ideal for consumers who want to follow a healthier diet without compromising on good taste.
Apart from the overall health benefits. Pansalt delivers the true taste of salt but without the harmful effects resulting in a high consumer approval
rate.” (Finland, Pansalt)

“TATA sdlt lite has been specially formulated to provide 15% lower sodium than ordinary salt. It is generally accepted that lower sodium in diets
may assist in management of high blood pressure.” (India, TATA)

“It is being a good source of potassium; helps you maintain normal blood pressure” (United Kingdom, Lo salt)

“Good for your health — potassium and a reduced consumption of sodium contribute to the maintenance of normal blood pressure. Potassium
further contributes to the normal functioning of the nervous system and muscles.” (Netherlands, Nezo Light Salt)

“Replace part of sodium chloride with potassium chloride. The taste is like regular salt. It can help reduce the intake of sodium and increase
potassium intake.” (China, Yi Yan Tang)

“It can significantly reduce excessive sodium intake and increase potassium and magnesium intake. Potassium is necessary to maintain the work
of the heart, nervous system and muscle system, clear excessfluid from the body, and maintain normal blood pressure” (Russia, Val etek Prodimpex)

Price of L ow-sodium Salts

upper-middle-income was US $14.80/kg (IQR 8.5-32.9) and
US $11.60/kg (IQR 7.4-18.4), respectively. The median

The price of low-sodium salts varied from US $0.46/kg to US
$87.00/kg. The median price of low-sodium sats in
high-income, upper-middle-income, and lower-middle-income
countrieswas US $15.10/kg (IQR 6.4-26.9), US$2.70/kg (IQR
1.7-5.3), and US $2.90/kg (IQR 0.5-22.2), respectively (Figure
4). After converting to the international dollar, the median
international dollar of low-sodium salts in high-income and

https://publichealth.jmir.org/2021/7/e27423

RenderX

international dollar of |ow-sodium saltsin |ower-middle-income
countries surged to US $111.10/kg (IQR 11.0-469.9). Among
salt manufacturers producing both |ow-sodium salts and regular
salts (N=38), the price of low-sodium salts was 1.7 times the
price of the regular salts. The price difference between
low-sodium salt and regular salt by regions is presented in
Figure 5.
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Figure 4. Price for low-sodium salts across country income groups.
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Figure5. Price differential among salt manufacturers producing both low-sodium salts and regular salts by different regions.
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Discussion

Thefindings of this study indicated that |ow-sodium salts were
only available in 24% of the countries worldwide. Noticeably,
60% of these countries were high-income countries. Prices
varied between US $0.46/kg and US $87.00/kg but were
consistently higher than regular salts. Sodium chloride content
ranged from 0% to 88%. Advisory labels on benefitsand harms
of using low-sodium salts were not standardized.

The availability of low-sodium salts was limited in low- and
middle-income countries. Many low- and middle-income
countries are facing disproportionately large burdens of CVD
due to unhedlthy diet [2,16]. However, there are few effective
and affordable strategies to combat the increasing burden in
resource-constrained settings. Salt reduction was listed as a
best-buy intervention by the WHO, as it is an effective
intervention in low- and middle-income countries where the
primary source of sodium is from salt added in cooking and
food preparation, and the proportion of discretionary salt to total
sodium intake is higher [17,18]. A low-sodium salt population
intervention could potentially enhance equity of access to
effective CVD prevention. Important next steps include the
increasein production and market demand of |ow-sodium salts.
One example of thiswas in 2010, the Beijing city government
strengthened the supply chain to ensure that low-sodium salts
were available in 28 different supermarket chains as part of a
citywide salt reduction initiative [19]. Low-sodium salt is a
simple and low-cost intervention, which makesit a compelling
proposal for low- and middle-income countries. In high-income
countries, where CVD is aso amajor burden and low-sodium
salts are generally easy to access, |low-sodium salts can serve
as a complementary strategy for product reformulation and an
ideal replacement added during home cooking or at the table.
The approach to integrating low-sodium salts in public health
interventions may vary by country depending on the major
dietary source of sodium. Feasibility studies in countries with
different diet patterns are needed to understand better how to
introduce low-sodium salts onto the market and how to promote
low-sodium salt use in different contexts.

Low-sodium salts have higher prices than regular saltsin all
countries where low-sodium salts are commercially available.
The price of food is a vital factor that influences consumers’
behavior [20]. One cluster randomized control trial revealed
that even with the same health education program, the adoption
of low-sodium salts was higher in villages where the price of
low-sodium saltswas subsidized compared with villages without
apricesubsidy [21]. Results of this study showed that the prices
of low-sodium saltswere 1.0 to 14.6 times higher than the price
of regular salts. Price differenceswere highest in North America,
likely because low-sodium salts produced in this area had a
larger proportion of potassium chloride (potassium costs about
four times more than sodium) [22]. Some countries, like India,
do not have readily available sources of potassium, which may
further increase costs of potassium supplementation [23].
Narrowing the price difference between low-sodium salts and
regular salts would promote low-sodium salt use, which can
motivate manufacturersto improve low-sodium salt availability.
Government subsidies and regulation can increase the

https://publichealth.jmir.org/2021/7/e27423
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affordability and reduce the price differences between
low-sodium salts and regul ar salts, especially among individuals
with limited resources who may face a disproportionate risk
and burden of CVD. The low-sodium salt intervention ought to
be implemented by reformulation or policies without passing
the costs onto individualswho will be lesslikely to afford these
higher prices. One real-world example of subsidies was in
Beijing, where in addition to improving the supply chain, an
additional 75g of low-sodium salt was provided in the 400g
package[19]. Further quantitative market surveysand qualitative
studies can be designed to understand the context and
mechanism of the price of low-sodium salts in the future.

Low-sodium salts varied in composition. Overall, the sodium
chloride was mostly replaced by potassium chloride. The
acceptability of low-sodium salt taste depends on individual
preferences (palate) and concentration of potassium [24]. There
have been reports that unpleasant off-tastes associated with
potassium chloride may prevent customers from choosing
low-sodium salts [25]. However, several studies found
low-sodium salts with about 30% of sodium chloride replaced
by potassium chloride had asimilar flavor to regular saltswhen
used in cooking or processed food manufacturing [24,26,27].
Reducing sodium and increasing potassium in the salt used for
cooking and processed food reformulation could make the salt
less salty in taste, leading consumers to use more low-sodium
salts. Effective taste-improving agents can be introduced to
overcome potential sensory drawbacks, such as taste masking
or umami ingredients[28]. The acceptablerange of preferences
for compositions of low-sodium salts used in cooking by the
general population in different culture context would need to
be confirmed in future research. In addition to taste acceptability,
further studies regarding the benefits and risks of low-sodium
salts with different sodium and potassium proportion are still
necessary.

Food labeling was designed to provide information and help
consumers make healthier food choices. The effect of
low-sodium salts on reducing sodium intake and blood pressure
has been proven in clinical trials [8,9]. The modeling study
showed that the net benefits of a national implementation of
low-sodium salts were substantial in preventing CVDs, and the
net benefit still presented for individuals with CKD [10]. Only
33 brands of low-sodium salts were identified as having health
benefit labels. Evidence-based benefits of low-sodium salt
should be reported on the package to encourage peopleto make
healthier choices in salt. Despite limited data on the
dose-response relationship between the use of salt substitutes
and serum potassium levels, one concern with scaling up
low-sodium salts is the potential to increase the risk of
hyperkalemia and sudden cardiac arrest for a small number of
people who are advised to limit dietary potassium due to
impaired renal function and potassium excretion [29]. Although
there is little research investigating the relative benefits and
risksof salt substitute usein such populations, people who have
advanced CKD or who take medications that interfere with the
renin-angiotensin-aldosterone axis, including potassium-sparing
diuretics, may be suboptimal candidates for low-sodium salts
that are enriched with potassium. Precautionary labeling on the
potassium level and health warning information are important
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in response to these concerns, but the optimal threshold and
format of such labeling are uncertain. For labels on low-sodium
saltsto beuseful, they must be both credible and accurate. There
were 43 low-sodium salts with labels advising potential risks,
but 27 of them did not mention the health benefits. An
overcautious label not based on scientific evidence or labels
only focused on health risks might discourage peoplewho would
receive health benefits by using the low-sodium salts. The
knowledge and awareness of low-sodium saltsis generally low
in recent baseline surveys done for the trials with low-sodium
salts in China and India [30,31]. A survey conducted in India
to assess the knowledge and awareness of low-sodium salts
among doctors indicated 71.5% of participants did not know
about their contraindications in patients with severe renal
disease, cardiac problems, and patients on potassium-sparing
diuretics [32]. Adequate education campaigns together with
regulations on the labeling are imperative to ensure that
regulators, the salt industry, food scientists, clinicians, and
consumers are aware of the level of potassium additives and
how to read the labeling information appropriately.

One strength of this study lies in the careful searches across
diverse data sources to describe the landscape of low-sodium
sats. We complemented conventional systematic review
methods with online searches and key informant consultation
to identify as many products as possible. However, resultsfrom
Google searches are dynamic and can be difficult to replicate,
and thus, such a method can only reflect the landscape for a

Yineta

short period. The changesin availability, formulation, labeling,
and prices were outside the scope of this study. Additionally,
only low-sodium salts having an online presence were accessed
in the study. The availability of low-sodium salts may be
underestimated in low- and middle-income countries due to the
challenges of access to available online information in these
settings. Keywords in all six major languages of the United
Nations were used to maximize the possibility of identifying
low-sodium salts in non-English speaking countries. However,
this may still miss many countries. We tried to minimize the
risk of omitting low-sodium salts by using complementary
information sources, including systematic reviews and
consulting key informants from a diverse set of countries based
on income categories.

This study’s results provide evidence on the availability,
formulation, labeling, and price of low-sodium saltsworldwide.
These results can be used to inform efforts to scale up
low-sodium salt use as an effective public health intervention
in different countries. We therefore recommend making
low-sodium salts more widely available, providing accurate and
standardized labeling, and subsidizing the price of low-sodium
salt. Future studies on how to promote the production, sale,
adoption, spread, scale-up, and sustainability of low-sodium
sats in diverse settings will also help governments take the
necessary steps to reduce population-level dietary sodium
consumption through the widespread use of low-sodium salt.
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