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Abstract: Potassium chloride is a leading reformulation technology for reducing sodium in food
products. As, globally, sodium intake exceeds guidelines, this technology is beneficial; however,
its potential impact on potassium intake is unknown. Therefore, a modeling study was conducted
using Dutch National Food Survey data to examine the dietary impact of reformulation (n = 2106).
Product-specific sodium criteria, to enable a maximum daily sodium chloride intake of 5 grams/day,
were applied to all foods consumed in the survey. The impact of replacing 20%, 50% and 100% of
sodium chloride from each product with potassium chloride was modeled. At baseline median,
potassium intake was 3334 mg/day. An increase in the median intake of potassium of 453 mg/day
was seen when a 20% replacement was applied, 674 mg/day with a 50% replacement scenario and
733 mg/day with a 100% replacement scenario. Reformulation had the largest impact on: bread,
processed fruit and vegetables, snacks and processed meat. Replacement of sodium chloride by
potassium chloride, particularly in key contributing product groups, would result in better compliance
to potassium intake guidelines (3510 mg/day). Moreover, it could be considered safe for the general
adult population, as intake remains compliant with EFSA guidelines. Based on current modeling
potassium chloride presents as a valuable, safe replacer for sodium chloride in food products.
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1. Introduction

High dietary sodium intake is associated with an increased risk of hypertension, which is a risk
factor for the development of cardiovascular disease [1,2]. The World Health Organization (WHO)
recommends that adults consume less than 2000 mg of sodium daily (5 grams of salt) [3]; however,
average global intake exceeds this level by far. Impact modeling shows that realistic reformulation of
food products to lower sodium levels could decrease sodium intake by up to 30% [4]. Population-based
studies have also demonstrated that dietary sodium reduction towards the WHO guidelines could
lead to a significant reduction in blood pressure and cardiovascular disease risk [4-10]. Therefore,
reformulation of food products, and reduction of discretionary salt usage, would contribute to a
disease risk reduction [1,2]. In light of this, international health authorities advocate sodium reduction
as a cost-effective strategy to improve public health [11].

The food industry is actively engaging in reducing the sodium content of food products. To
ensure that products with a lower sodium content remain appealing to consumers, sodium reduction
in food products must be conducted in a manner that does not lead to loss in product quality
(e.g., preservation and taste properties). A straightforward approach is gradual reduction of the
sodium content. However, if done too quickly, the reduction of sodium in food products without
adjustments for the loss in saltiness can result in consumers switching to other products higher
in sodium or compensating the taste difference by adding back sodium during preparation or
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consumption [12]. Therefore, other techniques that can reduce sodium while compensating either
fully or partially for the saltiness taste are being explored. Sodium replacers can help to reduce
sodium intake on a shorter term, while gradually weaning consumers off higher sodium levels,
also known as habituation. Both techniques have advantages, disadvantages, and timelines for
implementation [13,14]. Currently, potassium chloride is one of the most commonly used sodium
chloride replacers as it has a good ability to convey the perception of a saltiness taste in food
products [15,16].

Potassium chloride is a naturally occurring mineral salt, which is obtained from rock and sea salts
in a manner similar to the extraction of sodium chloride. Dietary intake of potassium is associated with
a decreased risk of hypertension, the opposite effect to sodium [17,18]. While the intake of sodium is
too high, the average global intake of potassium is below the WHO guidelines (at least 3510 mg of
potassium daily [19]). This makes potassium chloride an interesting salt replacer from a consumer,
production, and, potentially, also from a health point of view. However, potassium chloride cannot be
used in unlimited quantities as at higher levels it loses its ability to convey saltiness and can have an
off-taste, often described as bitter, chemical and metallic. Depending on the format of the food, different
levels of potassium chloride have been used to replace sodium chloride without compromising on
sensorial aspects. For example, in watery solutions the off-taste of potassium chloride can initially be
perceived at a concentration of 20% [20]. In pizza crust, replacement of 25% has been documented
as possible [21], in brown and white bread 30% [22,23], in cheddar cheese 46% [24] and in feta cheese
even up to 50% [25].

The safety of oral consumption of potassium chloride is supported by the natural occurrence
of potassium in foods. As a result, potassium chloride has gained regulatory acceptance for use in
food products in the United States and European Union and numerous other international scientific
bodies and regulatory authorities [26-30]. Expert bodies agree that increasing potassium consumption
from food in the population poses little risk for adverse effects [26,27,30]. While there is currently
no established upper limit for potassium intakes, based on estimates of current intakes in European
countries, the European Food Safety Authority (EFSA) states that the risk of adverse effects from
potassium intake from food sources at 5000-6000 mg/day is considered low for the generally healthy
population. Moreover, long-term intake of potassium supplements at levels of 3000 mg/day on top
of usual intake from foods is also considered low risk for the general healthy adult population [31].
A recent study estimated the potassium intake for in the United States, Mexico, France and United
Kingdom is 80%, 95%, 77% and 95%, respectively, below the WHO guideline for potassium [32].

The use of potassium chloride as a technique to reduce sodium in food products is expected
to increase in the coming years. Therefore, it is important to understand the potential impact that
increased industry-wide use of potassium chloride could have on the diet of the general population. To
date this has not being examined, using population-based food intake data, we modeled the potential
dietary impact of reformulating food products to lower sodium levels using potassium chloride. Three
reformulation scenarios were examined, ranging from realistic to extreme, to allow the evaluation of:
(1) How much potassium would be added to the diet through reformulation, and the safety of this
level; (2) the impact on the general population’s compliance to the WHO guideline for potassium; and
(3) in which food groups reformulation has the largest impact on potassium intake.

2. Materials and Methods

2.1. Population and Dietary Data

Food intake data were obtained from the Dutch National Food Consumption Survey (DNFCS)
2007-2010 [33]. This survey was conducted by the Dutch National Institute for Public Health and the
Environment (RIVM) in a representative sample of the Dutch population. The dietary intake data
were based on two non-consecutive 24-h recalls, which were completed by 3819 subjects. Results
were weighted to adjust for variances in sociodemographic characteristics, seasonal and weekday
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differences. Sodium and potassium levels of all foods consumed in the survey were obtained from
the Dutch Food Composition table (NEVO) table, 2011 [34]. Analyses were conducted using data
from subjects aged between 18 and 65 years (1 = 2106). Table 1 describes the characteristics of the
study population and relevant baseline nutrient intakes. As nutrient intake distributions are skewed
to the right, median intakes and the interquartile range (IQR) are used throughout this study for these
variables. Subjects with high sodium, potassium or energy intakes were left in analyses to ensure that
potential health and safety implications were addressed appropriately for all scenarios.

Table 1. Baseline characteristics of subjects.

Characteristics Men (N = 1048) Women (N = 1058) Total (N = 2106)

Age (years)

Mean 39 39 39
Standard deviation 15 15 15
Minimum 18 18 18
Maximum 65 65 65
BMI (kg/m?)

Mean 26 25 25
Standard deviation 4 6 5
Minimum 16 14 14
Maximum 49 57 57

Energy intake at baseline (kcal/day)

Median 2619 1911 2230
IQR 964 712 990
Minimum 418 279 279
Maximum 8139 4658 8139
Sodium intake at baseline (mg/day) *
Median 3101 2302 2649
IQR 1304 1060 1310
Minimum 400 331 331
Maximum 8726 6068 8726
Potassium intake at baseline (mg/day)
Median 3789 2946 3334
IQR 1485 1204 1434
Minimum 804 704 704
Maximum 8798 8723 8798

Note: * this excludes discretionary salt intake.

2.2. Food Product Group Classification

All of the 1772 foods consumed in the survey were classified into product groups in line with a
set of proposed product-group based sodium criteria, which sets desired sodium levels per specific
product groups with the aims towards achieving a maximum daily sodium intake of 2000 mg per
day (5 g salt) [4]. For example, “meal sauces” are set a maximum sodium criteria of 340 mg/100 g
and “cheese products” are allowed a maximum sodium content of 675 mg/100 g. These sodium
criteria were then used in the modeling to indicate how much sodium should be removed from the
product to comply with the guidelines. As not all foods can be reformulated, for example the sodium
present in fresh fruit and vegetables cannot be removed, these types of products were not adjusted in
the reformulation scenarios. Seventy-seven percent of the food products that were consumed in the
survey were classified as foods in which sodium could potentially be reduced by reformulation. For
example, none of the items in the food group “fresh fruit and vegetables”, “fresh fish” and “water”

Vs

were adjusted, whereas all items in food groups such as “processed meat”, “processed fish”, “cheese
products”, “soups” and “snacks” were adjusted if their sodium levels were higher than the maximum
sodium criteria set for these food product groups. In some food product groups, individual exceptions

were made; for example, in “milk products”, unflavored liquid milk and buttermilk were not adjusted,
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because in these products the sodium is not added during processing. A full list giving an overview of
all foods consumed in the survey and indicating which food products were adjusted in the modeling
is provided in the supplementary material.

2.3. Reformulation Scenarios

Three reformulation scenarios were developed to evaluate the impact of using potassium chloride
as a sodium chloride replacer in food products. In the scenarios each food product was evaluated to see
how much sodium chloride needed to be removed to meet the aforementioned product-specific sodium
criteria [4]. For example, how much sodium should be removed in a meal sauce to reach the product
criterion of maximum 340 mg/100 g was calculated. We then performed three reformulation scenarios.
In the first scenario, up to 20% of the removed sodium was replaced by potassium chloride, as this level
represents the minimum amount of sodium chloride that should be replaced with potassium chloride
without any negative effects on taste due to potassium chloride. In the second scenario, up to 50% was
replaced, which represents a scenario that may be used in certain products groups with higher sodium
levels, and where a higher salty taste is expected by consumers. Finally, a 100% scenario, where all
removed sodium was replaced, was performed to establish the most extreme replacement scenario.
Although this scenario will never be applied by industry in practice, as it would lead to taste and
preservation issues, it is important to show the most extreme impact. The added potassium chloride
was calculated by multiplying the difference between the removed sodium chloride and the original
sodium multiplied by 1.3, which is the correction factor for the difference in molecular weight between
sodium chloride (58.44 g/mol) and potassium chloride (74.55 g/mol). Foods that were excluded from
reformulation (as defined earlier) and foods in which the original sodium level was already below the
criterion were left unchanged.

2.4. Data Analyses

For each scenario the amount of added potassium to the diet after simulating reformulation
was calculated per individual. Box plots were used to provide insight in the population distribution.
The box represents the median and IQR, the dots outside 1.5 times the IQR are suspected outliers.
Furthermore, the 99th percentile of the population was calculated for safety estimations. Additionally,
the potential impact of the reformulation scenarios was examined on compliance with the WHO
potassium intake guideline for the total population. In doing so, the median intake and proportion
of the population currently compliant to WHO guideline was calculated at baseline and after the
application of the three reformulation scenarios. Finally, we calculated which food groups contributed
the most to dietary potassium intake, both before and after application of the three reformulation
scenarios. Modeling scenarios were performed with the DaDiet dietary modeling software from Dazult
software [35]. Statistical analysis, like medians, boxplots and compliant proportions were performed
with the statistical software package JMP [36].

3. Results

3.1. Reformulation Scenarios

Figure 1 shows the amount of potassium that was added to the diet due to reformulation
in the three reformulation scenarios. In the 20% scenario the median added potassium was
435 mg/day (IQR = 268 mg/day), in the 50% scenario the median added potassium was 674 mg/day
(IOR =457 mg/day) and in the 100% scenario the median added potassium was 733 mg/day
(IOR = 517 mg/day). All scenarios resulted in a small number of outliers; the 20% scenario showed
44 outliers (2.1% of the population), while the 50% and 100% scenario had 58 (2.8%) and 77 outliers
(3.7%), respectively.
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Figure 1. Intake distribution, combined for men and women showing the level of potassium added for
each of the three reformulation scenarios.

3.2. Impact of Reformulation on Intake

Figure 2 shows the baseline intake of potassium before the reformulation scenarios were applied.
At baseline the median population potassium intake was 3334 mg/day (IQR = 1434 mg/day). The
compliance to the WHO potassium intake guideline (3510 mg/day) was 44%. A gender difference was
observed, whereby 38% of the male population and 70% of the female population had intakes below
the guideline. The gender difference was explained by male and female differences in energy intake:
the median daily potassium intake per calorie was 1.19 and 1.20 mg potassium/Kcal for males and
females respectively.

Figure 3 shows the change in compliance to the WHO guideline for potassium from the baseline
intake and during the application of the three reformulation scenarios. At baseline population
compliance to the WHO guideline was 44%. After applying the reformulation scenarios compliance
increased to 60%, 67% and 70%, for the 20%, 50% and 100% reformulation scenarios respectively. After
simulated reformulation, the median potassium intake in the 20% scenario was 3805 mg/day, in the
50% scenario median intake was 4059 mg/day (IQR = 1694 mg/day) and in the 100% scenario median
intake was 4126 mg/day (IQR = 1748 mg/day). Again, a gender difference in potassium compliance
was observed, even after adjusting for energy intake. For men the median daily potassium intakes per
calorie were 1.67, 1.79 and 1.81 mg potassium/Kcal for the three scenarios, respectively. For women,
the median daily potassium intakes per calorie were 1.76, 1.83 and 1.90 mg potassium/Kcal.
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Figure 2. Baseline potassium intake in Dutch adult men and women (light bars represents proportion of
population not compliant to the WHO guideline (3510 mg/day for both genders); dark bars represents

the compliant proportion.
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Figure 3. Proportions of Dutch adult men and women compliant with WHO potassium guideline at

baseline and after each reformulation scenario.
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3.3. Impact of Reformulation per Food Group

In the baseline diet, the top three food groups that contributed most to daily potassium intake were:

“beverages”, “milk products” and “potato/pasta/rice”. Table 2 list shows the relative contribution of
the food groups to the total potassium intake in the Dutch diet.

Table 2. Food groups contributing to potassium intake at baseline, split by gender.

Food Group Men Women All
Milk products 14.5% 14.7% 14.6%
Beverages 13.4% 13.7% 13.6%
(Processed) potato, pasta, rice 12.6% 10.4% 11.6%
Fresh meat 8.9% 8.3% 8.6%

Bread 8.2% 7.9% 8.1%

Fresh fruit and vegetables 6.2% 9.9% 7.8%
Processed fruit & vegetables 6.8% 8.0% 7.3%
Snacks 6.2% 6.9% 6.5%
(Processed) meat products 6.1% 4.7% 5.5%
Alcohol 4.8% 2.1% 3.6%

Juice 2.7% 3.5% 3.0%

Soups 1.9% 1.9% 1.9%

Bread toppings 1.9% 1.8% 1.9%
(Processed) fish products 1.2% 1.4% 1.3%
12 remaining food groups 4.6% 4.9% 4.7%

To understand in which food groups the three reformulation scenarios showed the largest impact,
we calculated the added potassium for each individual food group per scenario. Figure 4 shows per
product group the baseline amount of potassium (dark bars) and the amount of added potassium
after applying the reformulation scenarios (light bars). In the 20% scenario, it was clear that the
replacement of sodium by potassium had the biggest impact on the “bread” product category. The
average potassium intake from bread increased by 39%, which resulted in “bread” becoming the third
largest contributor of potassium intake to the Dutch diet. Intakes from “milk products” and “beverages”
were not noticeably changed by this scenario, but these groups remained the main contributors of
potassium in the diet. Considerable changes in other main contributing groups such as “processed

7

meat products”, “snacks”, and “processed fruit and vegetables” were also observed. Interestingly, a
substantial increase in intake contribution in this scenario was also seen for “soups”, “cheese products”,
“water based sauces” and “meal sauces”, which all initially played a small role in the dietary intake
of potassium. In the 50% scenario, the average intake of potassium from “bread” increased to 48%,
and notably “bread” became the main contributor of potassium in the diet. The role of bread did not
change in the 100% scenario, which implies that in bread there are little or no products where more
than 50% of the sodium was replaced. The largest differences between the 50% and 100% scenario were
in “processed fruit and vegetables”, “snacks”, “cheese products”, “water based sauces” and “meal
sauces”, which implies that in these in these groups the most frequently consumed products contain

higher levels of sodium as compared to the other groups.
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Figure 4. Level of potassium per food group shown at baseline (dark bar) plus the amount added

during reformulation (light bar) for all three replacement scenarios (1 = 2106).
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4. Discussion

The aim of the current study was to investigate the potential dietary impact of using potassium
chloride as a sodium chloride replacer in the general population. This modeling study showed that
replacing sodium chloride with potassium chloride in food products via three reformulation scenarios
resulted in acceptable increases in the intake of potassium and moreover, that this can even help to
increase population compliance to the WHO guideline for potassium.

Replacing sodium chloride via the three reformulation scenarios resulted in a median increase in
potassium intake of 453 mg/day in the lowest reformulation scenario up to 733 mg/day in the most
extreme replacement scenario. In the 20% scenario this is slightly less than the amount of potassium
available in one medium sized banana and in the maximum scenario this is the equivalent of eating
1.5 bananas (374 mg potassium/100 g (NEVO) [34]; average portion size of 160 grams). This is within
the limits that are considered by EFSA to be safe for the general healthy population, even in the most
extreme 100% replacement scenario [31]. Therefore, these results imply that this technology can be
safely used, even if it is applied industry-wide in the general healthy population. However, for some
small patient populations with impaired potassium excretion it is argued that increasing potassium
levels in foods could increase risk of hyperkalemia. These include diabetes, chronic kidney disease,
end stage renal disease, severe heart failure, and adrenal insufficiency. As for these specific patient
populations, there is no consensus regarding an upper tolerable limit for potassium, clear labeling of
the use of potassium is important, although, as indicated, the amount of added potassium per product
as well as at a total dietary intake level stays within normal dietary ranges.

Globally, in the general healthy adult population, potassium intakes are largely below the WHO
guideline of minimum 3510 mg/day [19]. In this current population, the baseline level of compliance to
WHO potassium guideline was 44%. Applying the 20% scenario would increase intake compliance by
16%. This scenario represents the level of replacement where negative sensorial issues are expected to
be minimal in all product groups. Higher levels of reformulation have been applied in certain product
groups, the highest reported level, 50% was reported in cheese products [24,25]. However, it is unlikely
that this scenario can be applied to all food groups without negative sensorial issues. Applying
the 50% scenario for all product groups would increase compliance by 23%. After reformulation
a larger increase in compliance was observed in men. No large gender differences were observed
in the potassium contribution from the different food groups, with the exception of fresh fruit and
vegetables The observed gender differences after reformulation may be due to women having a higher
contribution from potassium from fruit and vegetables, where little or no potassium was added, and
men consuming more sodium rich foods that are able to be reformulated. As current evidence indicates
that a reduction in dietary sodium and an increase in dietary potassium results in decreased incidence
of hypertension [3], reformulating food products to lower sodium levels using potassium chloride
may actually result in positive health effects in the general population. While this should not be used
as the only initiative to increase potassium intake in the general population, it is a positive side benefit
from this technology.

There is increasing evidence on the importance decreasing sodium intakes in combination
with increased potassium intakes, and the sodium/potassium ratio [18]. Replacing industrially
added sodium chloride by potassium chloride as shown in our modelling scenarios could have a
positive contribution to obtaining a “healthy” ratio at the population level. Early studies suggest
a ratio of approximately one to one would be beneficial for health [19]. However, WHO and other
regulatory bodies have not yet established an optimal ratio. When an optimal ratio is established,
future impact modelling should explore the potential dietary impact of using potassium as a sodium
replacer. Furthermore, future research may also attempt to quantify the specific health benefits that
reformulation with potassium can convey, however to date there is not enough quantitative evidence
from intervention studies that allows the direct quantification of these benefits [37,38].

We observed a large variation in potassium contribution of different food groups at baseline.
Replacement of sodium chloride by potassium chloride in bread had the biggest dietary impact on
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potassium intake. In previous studies on bread reformulation, a 30% replacement of sodium chloride
by potassium chloride has been reported to be sensorially acceptable, therefore indicating that the
two realistic scenarios could be feasibly applied [22,23]. Other major contributing food groups with a
considerable impact at this level of change are processed fruit and vegetables, snacks and processed
meat. In certain product groups where the level of replacement may go up as high as 50%, potassium
intakes from the aforementioned product groups will increase even further. At this level we observed
that soups, cheese, water based and meal sauces will start to have a substantial increase in impact
on potassium intake as well. It is questionable whether in practice the sodium can be replaced for all
products in these groups at this high level without sensorial or other technical limitations.

The current study is the first to date which has modelled the potential impact of potassium
chloride as a sodium chloride replacer using complete dietary food consumption survey data. Some
limitations need be taken into account when interpreting the results. First, the dietary intake data used
in the current study is from 2010. Although this is the most recent data available in the Netherlands,
some industry segments may have lowered their salt content since 2010, which may have already
improved the current situation for both sodium and potassium. Second, the intake data in the survey
does not include sodium or potassium intake from discretionary salt. However, for sodium this will
not affect our conclusions as we are only looking at sodium intake from manufactured foods where
sodium can reasonably be replaced by potassium [39] and this will not largely affect the outcomes
regarding potassium intake as the intakes from potassium at a discretionary level is expected to be
low. Furthermore, our study highlights the situation in a Western country, where the majority of
sodium intake is coming from consumption of manufactured foods, and potassium intakes are below
recommendations. Moreovet, it is also noted that in the Netherlands, the potassium intake is relatively
high compared to other Western countries [40], even though the majority of the Dutch population
remains below potassium recommendations. In other countries where potassium intake is lower,
reformulation may have a lower impact on increasing compliance towards the guidelines, but also
therefore a lower chance of breaching safety concerns due to excessive intake. This is also the case for
non-western countries where sodium intake is largely derived from discretionary salt, for example
China [39].Here, the approach of replacing sodium by potassium in manufactured foods will have only
show a small increase in potassium compliance. Nevertheless, it is likely that replacement of sodium
chloride with potassium chloride will increase potassium guideline compliance without exceeding the
EFSA safety recommendations also in these countries.

The addition of potassium chloride is currently the most commonly applied technique to replace
sodium chloride in foods while maintaining a similar saltiness perception. The current study shows
that when using realistic reformulation scenarios using potassium as a sodium replacer poses little risk
of adverse effects in the general healthy adult population. It is a useful sodium reduction tool that if
applied industry-wide, would not lead to excessive intakes of potassium in the general population.
However, wide application of potassium chloride also needs to take into account sensorial properties
of the mineral. As mentioned earlier, if used at too high levels potassium chloride can give a metallic
off taste and it can lose its ability to contribute to the saltiness perception. Therefore, good product
development through further research and development is essential in ensuring high product quality
in reformulated foods.

In conclusion, this is the first modeling study that has estimated the dietary impact of added
potassium chloride when used as a tool to reduce the sodium content of foods. Replacement of sodium
chloride by potassium chloride, particularly in key contributing products according to current product
targets, would result in better compliance to the WHO potassium intake guideline and not exceed
EFSA safety recommendations. Potassium chloride has gained regulatory acceptance for use in food
products in the United States and European Union and also numerous other international scientific
bodies and regulatory authorities [26-30]. Therefore, based on the intake data, reformulation scenarios
and increasing global regulatory acceptance, potassium chloride is recommended as a valuable, safe
replacer for sodium chloride in foods products.
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DNECS Dutch National Food Consumption Survey

EFSA European Food Safety Authority

IQOR Interquartile range

NEVO Nederlands Voedingsstoffenbestand (Dutch Food Composition Database)

RIVM

Rijksinstituut Voor Volksgezondheid en Milieu (Dutch National Institute
for Public Health and the Environment)

WHO World Health Organization

References

1.

10.

11.

12.

Aburto, N.J.; Ziolkovska, A.; Hooper, L.; Elliott, P.; Cappuccio, EP.; Meerpohl, ].J. Effect of lower sodium
intake on health: Systematic review and meta-analyses. BMJ 2013, 346. [CrossRef] [PubMed]

He, FJ.; Li, J.; MacGregor, G.A. Effect of longer term modest salt reduction on blood pressure: Cochrane
systematic review and meta-analysis of randomised trials. BM] 2013, 346. [CrossRef] [PubMed]

Powles, ].; Fahimi, S.; Micha, R.; Khatibzadeh, S.; Shi, P.; Ezzati, M.; Engell, R.; Lim, S.; Danaei, G.;
Mozaffarian, D. Global, regional and national sodium intakes in 1990 and 2010: A systematic analysis
of 24 h urinary sodium excretion and dietary surveys worldwide. BM] Open 2013, 3. [CrossRef] [PubMed]

Détsch-Klerk, M.; PMM Goossens, W.; Meijer, G.W.; van het Hof, K.H. Reducing salt in food; setting
product-specific criteria aiming at a salt intake of 5 g per day. Eur. J. Clin. Nutr. 2015, 69, 799-804. [CrossRef]
[PubMed]

Hendriksen, M.A.H.; Verkaik-Kloosterman, J.; Noort, M.W.; van Raaij, ]. M.A. Nutritional impact of sodium
reduction strategies on sodium intake from processed foods. Eur. . Clin. Nutr. 2015, 69, 805-810. [CrossRef]
[PubMed]

Bruins, M.].; Dotsch-Klerk, M.; Matthee, J.; Kearney, M.; van Elk, K.; Weber, P.; Eggersdorfer, M. A Modelling
Approach to Estimate the Impact of Sodium Reduction in Soups on Cardiovascular Health in the Netherlands.
Nutrients 2015, 7, 8010-8019. [CrossRef] [PubMed]

Hendriksen, M.A.H.; van Raaij, ] M.A.; Geleijnse, ].M.; Breda, J.; Boshuizen, H.C. Health Gain by Salt
Reduction in Europe: A Modelling Study. PLoS ONE 2015, 10. [CrossRef] [PubMed]

Nghiem, N.; Blakely, T.; Cobiac, L.J.; Pearson, A.L.; Wilson, N. Health and Economic Impacts of Eight
Different Dietary Salt Reduction Interventions. PLoS ONE 2015, 10. [CrossRef] [PubMed]

Choi, S.E.; Brandeau, M.L.; Basu, S. Expansion of the National Salt Reduction Initiative: A Mathematical
Model of Benefits and Risks of Population-Level Sodium Reduction. Med. Decis. Mak. 2016, 36, 72-85.
[CrossRef] [PubMed]

Hughes, J.; Kabir, Z.; Bennett, K.; Hotchkiss, ].W.; Kee, F; Leyland, A.H.; Davies, C.; Bandosz, P;
Guzman-Castillo, M.; O’Flaherty, M.; et al. Modelling Future Coronary Heart Disease Mortality to 2030 in
the British Isles. PLoS ONE 2015, 10. [CrossRef] [PubMed]

World Health Organisation. Reducing Salt Intake in Populations. In Proceedings of the WHO Forum
and Technical Meeting, Paris, France, 5-7 October 2006; WHO Document Production Services: Geneva,
Switzerland, 2007.

Zandstra, E.H.; Lion, R.; Newson, R.S. Salt reduction: Moving from consumer awareness to action.
Food Qual. Preference 2016, 48, 376-381. [CrossRef]


http://dx.doi.org/10.1136/bmj.f1326
http://www.ncbi.nlm.nih.gov/pubmed/23558163
http://dx.doi.org/10.1136/bmj.f1325
http://www.ncbi.nlm.nih.gov/pubmed/23558162
http://dx.doi.org/10.1136/bmjopen-2013-003733
http://www.ncbi.nlm.nih.gov/pubmed/24366578
http://dx.doi.org/10.1038/ejcn.2015.5
http://www.ncbi.nlm.nih.gov/pubmed/25690867
http://dx.doi.org/10.1038/ejcn.2015.15
http://www.ncbi.nlm.nih.gov/pubmed/25782426
http://dx.doi.org/10.3390/nu7095375
http://www.ncbi.nlm.nih.gov/pubmed/26393647
http://dx.doi.org/10.1371/journal.pone.0118873
http://www.ncbi.nlm.nih.gov/pubmed/25826317
http://dx.doi.org/10.1371/journal.pone.0123915
http://www.ncbi.nlm.nih.gov/pubmed/25910259
http://dx.doi.org/10.1177/0272989X15583846
http://www.ncbi.nlm.nih.gov/pubmed/25926284
http://dx.doi.org/10.1371/journal.pone.0138044
http://www.ncbi.nlm.nih.gov/pubmed/26422012
http://dx.doi.org/10.1016/j.foodqual.2015.03.005

Nutrients 2016, 8, 235 12 of 13

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Liem, D.G.; Miremadi, F.; Keast, R.S.J. Reducing Sodium in Foods: The Effect on Flavor. Nutrients 2011, 3,
694-711. [CrossRef] [PubMed]

Kloss, L.; Meyer, ].D.; Graeve, L.; Vetter, W. Sodium intake and its reduction by food reformulation in the
European Union—A review. NFS J. 2015, 1, 9-19. [CrossRef]

Murphy, C.; Cardello, A.V,; Brand, J.G. Tastes of fifteen halide salts following water and NaCl: Anion and
cation effects. Physiol. Behav. 1981, 26, 1083-1095. [CrossRef]

Van Der Klaauw, N.J.; Smith, D.V. Taste quality profiles for fifteen organic and inorganic salts. Physiol. Behav.
1995, 58, 295-306. [CrossRef]

Aburto, N.J.; Hanson, S.; Gutierrez, H.; Hooper, L.; Elliott, P.; Cappuccio, EP. Effect of increased potassium
intake on cardiovascular risk factors and disease: Systematic review and meta-analyses. BM] 2013, 346.
[CrossRef] [PubMed]

Binia, A.; Jaeger, J.; Hu, Y,; Singh, A.; Zimmermann, D. Daily potassium intake and sodium-to-potassium
ratio in the reduction of blood pressure: A meta-analysis of randomized controlled trials. J. Hypertens. 2015,
33, 1509-1520. [CrossRef] [PubMed]

World Health Organization (WHO). Guideline: Potassium Intake for Adults and Children; World Health
Organization: Geneva, Switzerland, 2012.

Morris, C.; Labarre, C.; Koliandris, A.L.; Hewson, L.; Wolf, B.; Taylor, A.].; Hort, ]. Effect of pulsed delivery
and bouillon base on saltiness and bitterness perceptions of salt delivery profiles partially substituted with
KCl. Food Qual. Preference 2010, 21, 489-494. [CrossRef]

Mueller, E.; Koehler, P.; Scherf, K.A. Applicability of salt reduction strategies in pizza crust. Food Chem. 2016,
192, 1116-1123. [CrossRef] [PubMed]

Charlton, K.E.; MacGregor, E.; Vorster, N.H.; Levitt, N.S.; Steyn, K. Partial replacement of NaCl can be
achieved with potassium, magnesium and calcium salts in brown bread. Int. J. Food Sci. Nutr. 2007, 58,
508-521. [CrossRef] [PubMed]

Braschi, A.; Gill, L.; Naismith, D.J. Partial substitution of sodium with potassium in white bread: Feasibility
and bioavailability. Int. J. Food. Sci. Nutr. 2009, 60, 507-521. [CrossRef] [PubMed]

Grummer, J.; Karalus, M.; Zhang, K.; Vickers, Z.; Schoenfuss, T.C. Manufacture of reduced-sodium
Cheddar-style cheese with mineral salt replacers. J. Dairy Sci. 2012, 95, 2830-2839. [CrossRef] [PubMed]
Katsiari, M.C.; Voutsinas, L.P,; Alichanidis, E.; Roussis, I.G. Reduction of sodium content in Feta cheese by
partial substitution of NaCl by KCL. Int. Dairy J. 1997, 7, 465-472. [CrossRef]

US Department of Agriculture and US Department of Health and Human Services. Report of the Dietary
Guidelines Advisory Committee on the Dietary Guidelines for Americans; US Department of Agriculture and US
Department of Health and Human Services: Washington, DC, USA, 2010.

Safe Upper Levels for Vitamins and Minerals. Expert Group on Vitamins and Minerals, FSA, 2013. Available
online: https:/ /cot.food.gov.uk/sites/default/files /vitmin2003.pdf (accessed on 25 February 2016).

US. Food and Drug Administration (FDA). CFR-Code of Federal Regulations Title 21.  Part
184—Direct Food Substances Affirmed as Generally Recognized as Safe, Subpart B—Listing of Specific
Substances Affirmed as GRAS, Section 184.1622 Potassium Chloride. Available online: http://www.
accessdata.fda.gov/scripts/cdrh/cfdocs/ cfcfr/CFRSearch.cfm?fr=184.1622 (accessed on 25 February 2016).
JECFA. Evaluation of Certain Food Additives—Chloride: Ammonium, Magnesium, Potassium; Twenty-third Report
of the Joint FAO/WHO Expert Committee on Food Additives (JECFA); WHO Technical Report Series:
Geneva, Switzerland, 1980.

EFSA Panel on Dietetic Products NaAN. Scientific Opinion on the substantiation of health claims related to
potassium and maintenance of normal muscular and neurological function (ID 320, 386) and maintenance
of normal blood pressure (ID 321) pursuant to Article 13(1) of Regulation (EC) No 1924/2006. EFSA ].
2010, 8, 1469.

European Food Safety Authority. Opinion of the Scientific Panel on Dietetic Products, Nutrition and Allergies
on a request from the Commission related to the Tolerable Upper Intake Level of Potassium. EFSA ]. 2005,
193, 1-19.

Drewnowski, A.; Rehm, C.D.; Maillot, M.; Mendoza, A.; Monsivais, P. The feasibility of meeting the WHO
guidelines for sodium and potassium: A cross-national comparison study. BM] Open 2015, 5. [CrossRef]
[PubMed]


http://dx.doi.org/10.3390/nu3060694
http://www.ncbi.nlm.nih.gov/pubmed/22254117
http://dx.doi.org/10.1016/j.nfs.2015.03.001
http://dx.doi.org/10.1016/0031-9384(81)90213-4
http://dx.doi.org/10.1016/0031-9384(95)00056-O
http://dx.doi.org/10.1136/bmj.f1378
http://www.ncbi.nlm.nih.gov/pubmed/23558164
http://dx.doi.org/10.1097/HJH.0000000000000611
http://www.ncbi.nlm.nih.gov/pubmed/26039623
http://dx.doi.org/10.1016/j.foodqual.2010.01.002
http://dx.doi.org/10.1016/j.foodchem.2015.07.066
http://www.ncbi.nlm.nih.gov/pubmed/26304455
http://dx.doi.org/10.1080/09637480701331148
http://www.ncbi.nlm.nih.gov/pubmed/17852502
http://dx.doi.org/10.1080/09637480701782118
http://www.ncbi.nlm.nih.gov/pubmed/18608540
http://dx.doi.org/10.3168/jds.2011-4851
http://www.ncbi.nlm.nih.gov/pubmed/22612920
http://dx.doi.org/10.1016/S0958-6946(97)00032-0
http://dx.doi.org/10.1136/bmjopen-2014-006625
http://www.ncbi.nlm.nih.gov/pubmed/25795689

Nutrients 2016, 8, 235 13 of 13

33.

34.

35.

36.

37.

38.

39.

40.

DNEFCS-Core Survey (2007-2010). Part of the Dutch National Food Consumption Survey; National Institute for
Public Health and the Environment: Bilthoven, The Netherlands, 2010.

NEVO-table (Dutch Food Composition Database NEVO): Nederlands Voedingsstoffenbestand 2011.
Available online: http://www.rivm.nl/nevo_en/nevo/ (accessed on 25 February 2016).

Dazult Software. Available online: www.dazult.com (accessed on 25 February 2016).

Statistical Software Package JMP. Available online: www.jmp.com (accessed on 25 February 2016).
Whelton, PK. Sodium, Potassium, Blood Pressure, and Cardiovascular Disease. Humans. Curr. Hypertens.
Rep. 2014, 16, 1-8. [CrossRef] [PubMed]

Perez, V.; Chang, E.T. Sodium-to-Potassium Ratio and Blood Pressure, Hypertension, and Related Factors,
2014, American Society for Nutrition. Adv. Nutr. 2014, 5, 712-741. [CrossRef] [PubMed]

Newson, R.S.; Elmadfa, I; Biro, G.; Cheng, Y.; Prakash, V,; Rust, P.; Barna, M.; Lion, R.; Meijer, GW.;
Neufingerl, N.; ef al. Barriers for progress in salt reduction in the general population. Int. Study Appet. 2013,
71,22-31.

Kieneker, L.M.; Gansevoort, R.T.; de Boer, R.A.; Brouwers, F.P; Feskens, E.J.M.; Geleijnse, ] M.; Navis, G.;
Bakker, S.J.L.; Joosten, M.M. Urinary potassium excretion and risk of cardiovascular events. Am J. Clin. Nutr.
2016. [CrossRef] [PubMed]

@ © 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC-BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1007/s11906-014-0465-5
http://www.ncbi.nlm.nih.gov/pubmed/24924995
http://dx.doi.org/10.3945/an.114.006783
http://www.ncbi.nlm.nih.gov/pubmed/25398734
http://dx.doi.org/10.3945/ajcn.115.106773
http://www.ncbi.nlm.nih.gov/pubmed/26984482
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	
	
	
	
	
	

	
	
	
	

	

