Journal of Human Hypertension (2005) 19, S10–S19
& 2005 Nature Publishing Group All rights reserved 0950-9240/05 $30.00
www.nature.com/jhh

ORIGINAL ARTICLE

Why and how to implement sodium,
potassium, calcium, and magnesium
changes in food items and diets?
H Karppanen, P Karppanen and E Mervaala
Institute of Biomedicine, Pharmacology, University of Helsinki, Helsinki, Finland

The present average sodium intakes, approximately
3000–4500 mg/day in various industrialised populations, are very high, that is, 2–3-fold in comparison with
the current Dietary Reference Intake (DRI) of 1500 mg.
The sodium intakes markedly exceed even the level of
2500 mg, which has been recently given as the maximum
level of daily intake that is likely to pose no risk of
adverse effects on blood pressure or otherwise. By
contrast, the present average potassium, calcium, and
magnesium intakes are remarkably lower than the
recommended intake levels (DRI). In USA, for example,
the average intake of these mineral nutrients is only
35–50% of the recommended intakes. There is convincing
evidence, which indicates that this imbalance, that is,
the high intake of sodium on one hand and the low
intakes of potassium, calcium, and magnesium on the
other hand, produce and maintain elevated blood
pressure in a big proportion of the population.
Decreased intakes of sodium alone, and increased intakes
of potassium, calcium, and magnesium each alone
decrease elevated blood pressure. A combination of all
these factors, that is, decrease of sodium, and increase
of potassium, calcium, and magnesium intakes, which
are characteristic of the so-called Dietary Approaches
to Stop Hypertension diets, has an excellent blood

pressure lowering effect. For the prevention and basic
treatment of elevated blood pressure, various methods
to decrease the intake of sodium and to increase the
intakes of potassium, calcium, and magnesium should
be comprehensively applied in the communities. The
so-called ‘functional food/nutraceutical/food-ceutical’
approach, which corrects the mineral nutrient composition of extensively used processed foods, is likely
to be particularly effective in producing immediate
beneficial effects. The European Union and various
governments should promote the availability and use
of such healthier food compositions by tax reductions
and other policies, which make the healthier choices
cheaper than the conventional ones. They should also
introduce and promote the use of tempting nutrition
and health claims on the packages of healthier food
choices, which have an increased content of potassium,
calcium, and/or magnesium and a lowered content of
sodium. Such pricing and claim methods would help
the consumers to choose healthier food alternatives,
and make composition improvements tempting also for
the food industry.
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Introduction
The objective of this paper is to review the role of
dietary sodium, potassium, calcium, and magnesium in the pathogenesis, prevention, and treatment
of elevated blood pressure (hypertension). This
paper illustrates the reasons for the fact that the
present average intakes of these mineral nutrients
are remarkably different from the levels, which are
encountered in ‘Natural Diet’, that is, in diets
composed of unprocessed food (items). The evidence for or against the recent hypothesis that the
genetic programs of man are best compatible
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with the intake levels, which are characteristic of
diets composed of unprocessed foods (‘Natural
Diet’), is discussed. The current intakes of sodium,
potassium, calcium, and magnesium are also compared with the levels, which are recommended
by the US Department of Health and Human
Services and the US Department of Agriculture.1
On the basis of scientific evidence and current
intake recommendations, it is proposed that, for the
improvement of the control of hypertension in the
community, the food manufacturers, governments,
and other organizations should use different methods, which improve in a health-promoting manner
the diets in general and the above-mentioned
electrolytes in particular.
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Physiological basis for intimate connection
of blood pressure with sodium, potassium,
calcium, and magnesium

Intakes of sodium, potassium, calcium,
and magnesium: levels in natural diet,
modern diet, and recommended diet
It has been suggested that the optimum dietary basis
for good health is provided by a diet, which is in
agreement with our genetic programmes. According
to Eaton and Konner,6 there is an optimum type and
composition of food, which each species, including
man, is genetically programmed to eat and metabolise.6 For example, the lion is programmed to eat
animal food only, while the antelope is programmed
to eat plant food only. The nutrients provided by
such foods are believed to provide optimum nutrition for the lion and antelope, respectively. In the
case of wild animals, it is evident, a priori, that the
genetic programming does not include any processing of food in the form of removal of, or enrichment
with, any nutrient components. Human beings are
believed to be programmed to eat and metabolise
both plant and animal food.6,7 It has also been
suggested that the human genetic programme,
which has remained essentially unchanged for at
least the past 100 000 years, is best compatible with
unprocessed mixed foods, that is, foods without
removal of any nutrient components and without
addition of any nutrients or other compounds.6,7
According to this hypothesis, man-made changes in
the composition of foods and diets would cause, or
at least predispose to, a number of pathological
conditions, including elevated blood pressure.

Natural Diet
Modern Diet
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mg

Among the dietary factors, which are connected to
the present epidemic of high blood pressure, the
mineral nutrients sodium, potassium, calcium, and
magnesium are of particular interest. All of these
mineral nutrients have important roles in both the
control of cardiac output and peripheral vascular
resistance, the main determinants of the blood
pressure level.2 On the other hand, the body uses
the rise of blood pressure as the most powerful
physiological mechanism in the maintenance of
sodium balance to prevent sodium accumulation
in the case of a high intake. By increasing the blood
pressure level, the body is able to get rid of excess
sodium by the pressure-natriuresis mechanism.3,4
Interestingly, the sensitivity of the pressure-natriuresis mechanism and, hence, the excretion of excess
sodium is markedly improved by increased intakes
of potassium, calcium, and magnesium.4,5 The
development of sodium deficiency during very
small intake or losses due to gastrointestinal causes,
sweating, or blood loss can, in turn, be effectively
prevented by decreasing the blood pressure. In fact,
by lowering the blood pressure, the body is able to
prevent renal sodium excretion completely.
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Figure 1 Sodium, potassium, calcium, and magnesium contents
(calculated per 2100 kcal) in the Natural Diet and in the Modern
Diet (average US diet, which served as the control diet in the
DASH study; see below and Appel et al8). Data extrapolated from
Eaton and Eaton III7.

In view of the important connections of sodium,
potassium, calcium, and magnesium with the physiological control of blood pressure and also many
other body functions, it is interesting to compare the
amounts of various mineral nutrients that are derived
from the ‘Natural Diet’ with the amounts of nutrients
that are obtained from current diets. It is also of
considerable interest to evaluate the scientific data on
the blood pressure effects of changes in the intakes of
sodium, potassium, calcium, and magnesium away
from the levels of the ‘Natural Diet’ on the one hand,
and towards the levels encountered in the ‘Natural
Diet’, on the other hand. Authoritative expert bodies
have recently evaluated the scientific evidence on
optimum intakes.1 The levels derived from the
Recommended Diet are given for comparison.
Natural diet

The levels of sodium, potassium, magnesium, and
calcium in diets, which consist of unprocessed
foods so that approximately two-thirds of the energy
is derived from plant food and one-third from
animal food, are illustrated in Figure 1 (data derived
from Eaton and Konner6 and Eaton and Eaton III7).
If a daily energy need of 2100 kcal is satisfied by
such a diet composition, the daily intake of sodium
is approximately 500 mg, that of potassium about
7400 mg, that of calcium approximately 1100 mg,
and that of magnesium about 800 mg.
Modern diet

The modern diets provide sodium, potassium,
calcium, and magnesium in dramatically different
amounts and ratios than the Natural Diet (Figure 1).
In the average US diet, the energy-standardised
intake (per 2100 kcal) of sodium was about 3000 mg
a day, that is, approximately six-fold as compared
with the genetically programmed diet.
Journal of Human Hypertension

Sodium, potassium, calcium, and magnesium changes in food items and diets
H Karppanen et al
S12

By contrast, the potassium intake was as low as
1750 mg,8 which is only 24% of the amount
provided by the Natural Diet.
From the Modern Diet, the daily intake of calcium
(about 440 mg;8) is remarkably lower than that from
the Natural Diet, approximately 40% only.
The usual intake of magnesium (approximately
180 mg;8) is also very low (approximately 23% only)
as compared with the amount provided by the
Natural Diet.
Recommended diet

Recently, the recommended Dietary Reference Intakes (DRIs) have largely replaced the 1989 Recommended Dietary Allowances (RDAs; see US
Department of Health and Human Services and US
Department of Agriculture1).
The DRI for sodium is 1500 mg a day, while
2500 mg has been given as the maximum level of
daily intake that is likely to pose no risk of adverse
effects. Hence, the average current sodium intake of
3000–4500 mg a day in various westernised communities9,10 exceeds clearly even the highest sodium
intake level, which has been estimated to be safe.
The recommended intake of potassium for adolescents and adults is 4700 mg/day. Recommended
intake of potassium for children 1–3 years of age is
3000 mg/day, for 4–8 years of age it is 3800 mg/day,
and for 9–13 years of age it is 4500 mg/day.1
Hence, the current average potassium intake in
USA is very low, only about 37% of the recommended level.
The DRIs for calcium are 1000–1300 mg per day.
Therefore, the usual USA intakes are only 35–40%
of the DRIs.
The magnesium intake recommendation is 420 mg
for adult men.1 No exact figures have been given
for other groups, but the weight-based corresponding value for women would be approximately
300 mg a day. Therefore, the usual USA intake of
180 mg is only approximately 50% of the recommended level.

Pathophysiological basis for the
hypertensive effect of current diets
(Modern diet)
The average sodium intake is remarkably higher
than the recommended or natural intake, which the
body can handle without any difficulties and harms.
Although suppression of the sodium-retaining
renin–angiotensin–aldosterone system, together with
other hormonal mechanisms, can improve the
excretion of sodium to some extent, in the majority
of individuals such mechanisms alone are not
effective enough to increase the excretion of sodium
enough to match the high intake.
Lifton et al11 emphasised that, given the diversity
of physiologic systems that can influence blood
Journal of Human Hypertension

pressure, it is striking that all Mendelian forms of
hypertension and hypotension solved to date converge on a final common pathway, altering blood
pressure by changing net renal salt balance. Since
most of the known Mendelian forms of high and low
blood pressure have now been solved, the findings
on the key role of salt in hypertension do not reflect
an obvious selection bias.11
The elevated blood pressure levels, which are
present in more than half of the population,
contribute markedly to the output of sodium.3 The
estimated total number of adults with hypertension
in 2000 was 972 million (957–987 million): 333
million (329–336 million) in economically developed countries and 639 million (625–654 million) in
economically developing countries. The number of
adults with hypertension in 2025 was predicted to
increase by about 60% to a total of 1.56 billion
(1.54–1.58 billion).12
The Intersalt study9,10 as well as combined data
from other studies10 have shown that in the
industrialised communities, the average intake of
sodium is approximately 3000–4500 mg per day.
The average blood pressure in various communities
increases in a dose-related manner with increasing
sodium intake. Moreover, weighted linear regression
analyses have convincingly shown a correlation
between the reduction in urinary sodium, an
indicator of sodium intake, and the reduction in
blood pressure.13
In addition to the high intake of sodium, the low
intakes of potassium, calcium, and magnesium
further increase the need for blood pressure rise in
the maintenance of sufficient sodium output.4,5

Improvement of the intakes of sodium,
potassium, calcium, and magnesium
towards the natural levels lowers blood
pressure
Effect of sodium reduction alone

In the second DASH study,14 the rather vigorous
sodium restriction alone, to approximately 40% of
the usual level, during a control diet produced a fall
of 6.7 mmHg in systolic blood pressure and
3.5 mmHg in diastolic blood pressure. A moderate
sodium reduction to approximately 67% of the usual
level produced a smaller fall in blood pressure. The
average fall in systolic blood pressure was 2.1 mmHg
and that in diastolic blood pressure, 1.1 mmHg.
Two recent meta-analyses15,16 have revealed that
an approximately 75 mmol a day (about 50%)
reduction in the intake of sodium lowers blood
pressure in both subjects with hypertension and
normotensive individuals. In hypertensives, the fall
in systolic blood pressure is about 5 mmHg and that
in diastolic pressure, approximately 3 mmHg. In
normotensives, the fall in systolic pressure is
approximately 1.3–2 mmHg and that in diastolic
pressure about 1 mmHg.
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Effect of increased potassium intake alone

An increase of potassium intake by approximately
1.8–1.9 g a day has proved to lower the blood
pressure of hypertensive subjects so that the average
fall in systolic blood pressure is approximately
4 mmHg and that in diastolic pressure, about
2.5 mmHg16,17 This increase in potassium intake is
about 25% of the amount provided by a 2100 kcal
Natural Diet, and not sufficient to raise the potassium intake in USA to the currently recommended
level of 4.7 g per day.
Several mechanisms, such as increased natriuresis, reduced sympathetic nervous activity, and
decreased pressor response to noradrenaline and
angiotensin II, seem to be involved in the blood
pressure lowering effect of potassium.18
Effect of increased calcium intake alone

Calcium supplementations, which have increased
the total daily intake to more than 1000 mg a day,
have produced an average fall of 1.4 mmHg in
systolic and 0.8 mmHg in diastolic blood pressure.19
Improved sodium excretion, modulation of the
function of the sympathetic nervous system, increased sensitivity to the vasodilatory action of
nitric oxide, and decreased production of superoxide and vasoconstrictor prostanoids have been
implicated in the antihypertensive effect of increased calcium intake.18
Effect of increased magnesium intake alone

According to a recent meta-analysis,20 magnesium
supplementation resulted in only a small overall
reduction in blood pressure. The pooled net estimates of blood pressure change were !0.6 mmHg for
systolic pressure and !0.8 mmHg for diastolic
pressure. However, there was an apparent dosedependent effect of magnesium, with reductions of
4.3 mmHg in systolic and of 2.3 mmHg in diastolic
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Figure 2 Sodium, potassium, calcium, and magnesium contents
(calculated per 2100 kcal) in the DASH diets. For comparison, the
contents in the Natural Diet and DASH control diet are also
shown. Data adapted from Appel et al8 and Sacks et al.14

blood pressure for each 10 mmol/day increase in
magnesium dose.
The antihypertensive effect of magnesium may be
mainly due to its vasodilatatory effects.21

Effect of multiple improvements

In view of the many and complex interactions
between sodium, potassium, calcium, and magnesium in body physiology, one can easily realise that
all deviations from the optimum levels should be
simultaneously corrected for an optimum effect.
However, in search for simple measures to combat
high blood pressure, single-factor approaches aiming at sodium reduction only, or increase of one
beneficial mineral nutrient only, have been used in
most studies.
However, in the recent DASH studies,8,14 the
intakes of potassium, calcium, and magnesium
increased simultaneously (Figure 2). These changes
were produced through a change in the dietary
pattern.
The term DASH is derived from studies called ‘the
Dietary Approaches to Stop Hypertension’.8,14 As
compared with a typical diet in the US, the DASH
diet contains more fruits, vegetables, low-fat dairy
products, whole grains, poultry, fish, and nuts. It
contains only small amounts of red meat, sweets,
and sugar-containing beverages, and it contains
decreased amounts of total and saturated fats and
cholesterol. The DASH diet provides larger amounts
of potassium, calcium, magnesium, dietary fibre,
and protein than the typical diet. The Reduced
Sodium DASH Diet, which has proved particularly
effective for blood pressure reduction, also contains
less sodium than the typical US diet.14
Although the diets in different populations may
differ considerably from that used as the control diet
in the DASH study, the essential features are similar
in all industrialised populations. As compared with
the Natural Diet, the sodium level is very high while
the levels of potassium and magnesium are very low.
In most populations, the level of calcium is also low,
but Finland and some other ‘milk countries’ make
an exception in this respect.
The DASH diet produced a nearly 6 mmHg
average fall in systolic blood pressure, and an
approximately 3 mmHg fall in diastolic blood pressure. Importantly, among the subjects with hypertension, the fall of blood pressure was even more
impressive. The average fall in systolic blood
pressure was 11.4 mmHg and that in diastolic blood
pressure 5.5 mmHg.
When even sodium was reduced from approximately 150 mmol a day to about 60 mmol a day, the
average systolic blood pressure was lowered by
approximately 9 mmHg, and the fall in diastolic
blood pressure was about 4.5 mmHg. The effect of
sodium reduction was more pronounced during the
control diet than during the DASH diet.
Journal of Human Hypertension
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Increased levels of potassium, calcium,
and magnesium, and decreased levels of
sodium: effects beyond blood pressure
Potassium may protect against stroke and other
cardiovascular diseases by mechanisms, which are
not related to blood pressure.18,22 The antiatherosclerotic properties of potassium have recently
created a lot of interest.18
The improvement of glucose tolerance appears to
be one of the beneficial effects of potassium.22,23
Increased intake of calcium has an established place
in the prevention of osteoporosis. There is evidence
that calcium may also have beneficial effects on serum
lipids (for a review, see Vaskonen18). Recently, it has
been found that increased levels of dietary calcium and
magnesium enhance the cholesterol lowering effect of
plant sterols.24,25 There is also increasing evidence that
an increased intake of calcium may prevent and
decrease obesity (for a review, see Vaskonen18).

Increased intake of magnesium appears to protect
against ischaemic heart disease by several different
mechanisms.26
Decreased intake of sodium decreases the urinary
loss of calcium and, hence, protects against osteoporosis.27,28 Decreased sodium intake decreases the
potentially dangerous left ventricular hypertrophy
also by mechanisms that are not dependent on the
lowering of blood pressure.4,29–31

Safety of diets with increased levels
of potassium, calcium, and magnesium,
and decreased levels of sodium
It would, a priori, appear logical that the Natural
Diet6,7 and the nutrients, which such a diet provides,
are both useful and safe. In a recent evaluation of the
safety of the nutrient amounts, which can be derived
from the Natural Diet, it was also concluded that
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Figure 3 Decrease of salt intake, and lowering of the population blood pressure, and decrease of mortality from both stroke and
ischaemic heart disease in Finland.
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such amounts are safe, even though they are in some
cases markedly different from the current average
intakes.32 Hence, moderate supplementation of the
current diets with potassium, calcium, and magnesium can be considered safe for the population.
Unlike in most other countries, in Finland, a
progressive and marked decrease in the average
intake of salt has taken place during the past three
decades (Figure 3).33 During this period, there has
been a remarkable 10 mmHg fall in the average
diastolic blood pressure of the population. Moreover, in the middle-aged population, the death rate
both from stroke and heart diseases has decreased by
approximately 70% (Figure 3).34-36 The age-adjusted
overall mortality has also decreased remarkably so
that the life expectancy has increased by several
years both among women and men.36
The findings in Finland are consistent with an
overall beneficial effect of a comprehensive population-wide sodium reduction.
Moreover, the conclusion of Tuomilehto et al37
from a comprehensive prospective study in Finland
was that high sodium intake predicted mortality and
risk of coronary heart disease, independent of other
cardiovascular risk factors, including blood pressure.

Magnitude of the effects on blood pressure
makes improvements in the intakes of
sodium, potassium, calcium, and
magnesium warranted
The main thing, which determines the population
impact of a blood pressure lowering factor, is the
extent to which such a factor is implemented in the
population. It should be noted that its importance
greatly exceeds the importance of the effectiveness
of a factor in an individual. The antihypertensive
drugs can be used as an example to illustrate the
fundamental difference between the effectiveness in
individuals and the impact in preventing hypertension problems in the population. Antihypertensive
drugs are the most effective agents in lowering blood
pressure in the treated individuals. However, their
role in the overall control of high blood pressure in
the whole population is surprisingly small. The
average long-term effect of antihypertensive drugs is
an approximately 10 mmHg fall in the systolic blood
pressure. A nationwide register kept by the Social
Insurance Institution reveals that in Finland 8.5%
of those aged 35–59 years were entitled to special
reimbursement of antihypertensive medication at
the end of 2004 (data kindly provided by professor
Timo Klaukka, M.D., 2005). Since approximately
nine individuals out of 10 do not receive the
treatment, the average population effect of the
present extensive use of antihypertensive drugs is
one-tenth of 10 mmHg, that is, approximately
1 mmHg only. It is important to realise that any
measure that can be implemented in all individuals,
and has an average effect of 1 mmHg on systolic

blood pressure, has a population impact which is
equal to the effect of current antihypertensive drug
therapy.
To take an example, potassium supplementation
in moderate amounts lowers systolic blood pressure
by 4.5 mmHg. If this is applied to the whole
population, the population impact is more than
four-fold as compared with the impact of blood
pressure lowering drugs.
For many years, the high blood pressure guidelines have emphasised the need to decrease the
sodium content of processed foods. So far, the food
industries at large have failed to comply to any
useful extent with this recommendation. Since up to
80% of the dietary sodium in many populations is
obtained from processed, industry-produced foods,
the average sodium intake shows no decreasing
tendency in most populations. This shows that
there are many big, unsolved problems, which are
associated with the decrease in the use of salt.
One of the reasons for the reluctance of the food
industries to reduce the amount of sodium, which is
added in the course of the food processing, has been
the opinion of some scientists. For example, Jurgens
and Graudal38 (24) stated in their recent report: ‘The
magnitude of the effect in Caucasians with normal
blood pressure does not warrant general recommendation to reduce sodium intake.’ The authors found
that a reduced intake of sodium lowers systolic
blood pressure by 1.27 mmHg in Caucasians with
normal blood pressure. In individuals with elevated
blood pressure, the fall in systolic blood pressure
was remarkably greater, 4.18 mmHg. Since elevated
blood pressure is present in approximately half of
the population, the data of the authors indicate an
average population effect, which is (1.27 mmHg þ
4.18 mmHg)/2, that is, approximately 2.7 mmHg.
This compares very favourably with the population
impact of the antihypertensive drug treatment,
which is less than half of the impact of a population-wide sodium reduction. Therefore, lack of
effectiveness is not the real reason for the failure
in the sodium reduction efforts.
Owing to taste habits, consumers may be reluctant
to accept products with remarkably less salty taste.
It is not tempting for the food industry to manufacture low-salt products, which are unacceptable
for the consumers. The ions (sodium and chloride)
also have good water binding and other useful
technological effects on the structure of several food
items. Owing to these factors, a decrease in the
average intake of salt in a modern population is
likely to be sluggish.

How to implement the potassium,
calcium, magnesium and sodium
changes in the population?
Due to the factors mentioned above, rather than
focusing on salt (sodium) only, it may be wise to also
Journal of Human Hypertension
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Table 1 Sodium (Na) and potassium (K) content of various food
items
Na per
1000 kcal

K per
100 g

K per
1000 kcal

Food item
Tomato
Tomato ketchup
Sunflower seeds
Vegetable
margarine
Milk
Butter
Unprocessed meat
Processed meat
(ham)
Whole wheat flour
Doughnut
Wheat flake cakes
Orange
Broccoli

2.5
1360
3
760

139
15111
5
1389

290
400
690
15

16111
4444
1139
27

44
650
61
920

647
889
257
7077

160
18
340
240

2353
25
1435
1846

3
457
740
39
333

390
120
370
150
400

1322
261
1014
3659
19048

0.8
210
270
1.6
7

Table 2 Calcium (Ca) and magnesium (Mg) content of various
food items
Ca per
100 g

Ca per
1000 kcal

Mg per
100 g

Mg per
1000 kcal

9
28
116
21

500
311
191
38

11
18
355
18

611
200
586
33

120
24
6.7
5.7

1765
33
28
44

11
2,6
22
15

162
4
93
115

26
24
35
54
48

88
52
96
1317
2286

130
16
120
13
24

441
35
329
317
1143

Food item

The values are expressed as mg/100 g and as mg/1000 kcal. The
unprocessed food items are emphasised by bold italics.

use the other measures, which have proved to be
effective and may be more acceptable both for
consumers and the industry. The best scientifically
based and technically suitable possibility, which
has already been shown to be useful, is offered by
the known beneficial effects of increased intakes of
potassium, calcium, and magnesium.
In theory, there are several possibilities to change
the intakes of the important mineral nutrients
towards the genetically programmed levels, which
are effective and safe in the control of elevated blood
pressure.
Journal of Human Hypertension

4
3
2
1
0

The values are expressed as mg/100 g and as mg/1000 kcal. The
unprocessed food items are emphasised by bold italics. Data derived
from Rastas M, Seppänen R, Knuts L-R, Karvetti R-L, Varo, P (eds).
Nutrient Composition of Foods. Publications of the Social Insurance
Institution: Finland, Helsinki, 1993.

Tomato
Tomato ketchup
Sunflower seeds
Vegetable
margarine
Milk
Butter
Unprocessed meat
Processed meat
(ham)
Whole wheat flour
Doughnut
Wheat flake cakes
Orange
Broccoli

Servings / Day

5

Na per
100 g

1

2

DASH Group
Control Group

3

4

1.
2.
3.
4.

5

Vegetables
Fruits and Juices
Low-fat Dairy
Regular-fat Dairy

6

7

8

5. Nuts, Seeds, Legumes
6. Fish
7. Beef, Pork, Ham
8. Snacks and Sweets

Figure 4 Consumption of different food items in the control
group and the DASH group.

1. Replacement of the use of processed food items
with the use of unprocessed natural foods would
have dramatic effects on the intake of the mineral
nutrients (Tables 1 and 2). Complete replacement of
the processed foods would result in intakes that are
equal with those derived from the Natural Diet
(Figure 1). However, one has to realise that the use of
processed food items is not decreasing. A continuously increasing proportion of the daily diet in
industrialised countries consists of processed foods.
It is hardly possible to change this trend in the
present-day world.
2. The use of the DASH diet instead of the usual
diet is currently recommended by the high blood
pressure guidelines.
This approach has proved to be effective in
carefully designed research settings. However, one
should realise that the changes, which the population ought to do from the usual diet to the DASH
diet, are remarkable, as illustrated by Figure 4.
Implementation of even much smaller changes in
the dietary habits of the population has proved to be
very difficult and slow. The DASH diet warrants
recommendation, but the impact of the recommendation remains to be seen.
3. ‘Functional food’ (‘food-ceutical’/‘nutraceutical’) approach
By far the easiest way, in principle, would be to
change the composition of the processed food items
that the population most likes and is used to eating.
In Finland and some other populations, the enrichment of foods with iodine has been used with
excellent success to combat the endemic goitre
problem. In USA and some other countries, the
enrichment of milk with vitamin D has been a
successful measure to prevent vitamin D deficiency.
The high effectiveness of this kind of method is due
to the fact that it does not require any efforts from
the population, and still practically all individuals
receive the beneficial ‘treatment’.
Enrichment of processed food items with appropriate potassium, calcium, and magnesium com-
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pounds would bring the levels of these mineral
nutrients towards those found in natural, unprocessed foods. Such enrichment in several widely
used foods would be able to improve the total intake
of these nutrients to such an extent that they are able
to produce remarkable beneficial effects on blood
pressure. To avoid excessive increases in the intakes
of potassium, calcium, and magnesium, it is not
advisable to enrich all industrially processed foods
with these mineral nutrients. The food items that are
most suitable for such enrichments may be different
in various communities with different food traditions.
Even a modest decrease in sodium would further
improve the health effects of this enrichment-based
approach.
Even partial application of this principle has
proved successful in the control of hypertension.
Replacement of common salt with potassium- and
magnesium-enriched and sodium-reduced salts
lowers blood pressure23,39 and produces even other
beneficial effects, such as improvement of glucose
tolerance.23

Proposed actions
(1) Various health education and other means,
which promote the replacement of high-sodium
and low-potassium, low-calcium, and low-magnesium food items in the diet, should be effectively
used.
The Reduced Sodium DASH- diet, which comprises high-potassium, high-calcium, and highmagnesium food items, which have a low content
of sodium (salt), has proved to be highly beneficial.
Therefore, this type of diet should be promoted.
Since a comprehensive change in the dietary
habits of a community has proved to be a very slow
process, other approaches are also needed.
(2) The so-called ‘functional food/nutraceutical/
food-ceutical’ approach, which corrects the composition of extensively used processed foods, is likely
to be particularly effective in producing immediate
beneficial effects.
For the food industry this is a big challenge, but at
the same time a major opportunity for innovative
companies to improve the competitiveness of their
products. Many processed foods could be enriched
with appropriate potassium, calcium, and magnesium compounds to compensate for the losses of
these important nutrients during processing. Whenever possible, the sodium levels should be decreased in the products, which have added salt or
other added sodium compounds.
To further increase the competitiveness, such
foods could be made even more health promoting
by concomitant enrichment with other healthy
compounds, such as plant sterols. Such composition
changes result in foods that affect beneficially
both blood pressure and serum cholesterol, the

two major causative factors in heart diseases and
stroke.24,25
It has proved to be easy to enrich products that
contain added salt, with potassium and magnesium
compounds by using potassium- and magnesiumenriched salt23,39 Enrichment of different food items
with potassium, calcium, magnesium, and plant
sterols has also proved to be possible without
adverse effects on taste or other important properties.40 Recently, several calcium-enriched foods,
such as milk products and juices, have become
available.
(3) In USA, the Food and Drug Administration
(FDA) encourages the production and use of foods
that have a high content of calcium or potassium
and a low content of sodium by allowing for such
products health claims, which help in health
education and are tempting for the consumers. The
European Union and national governments should
promote healthier food choices by allowing, on good
scientific basis, various nutrition and health claims,
which help the consumers to choose healthier
alternatives.
(4) Tax reduction and other methods should
also be used to promote the availability and use of
healthier food compositions.

Conclusions
1. The present average sodium (salt) intake of
approximately 3000–4500 mg per day in various
industrialised populations is remarkably higher
than the recommended intake and even exceeds
the level of 2500 mg, which has been recently
given as the maximum level of daily intake that is
likely to pose no risk of adverse effects on blood
pressure or otherwise.
2. The present average potassium, calcium, and
magnesium intakes are remarkably lower than
the recommended intake levels.
3. Decreased intake of sodium alone, and increased
intakes of potassium, calcium, and magnesium
each alone decrease elevated blood pressure. The
most pronounced effects are brought about by a
combination of several of these dietary factors.
4. The most recent US recommendations emphasise
decrease in sodium, and increase in potassium,
calcium, and magnesium intakes, which are
characteristic of the so-called DASH (Dietary
Approaches to Stop Hypertension) diets. Such
changes bring the levels towards the levels that
are encountered in the Natural Diet, and have an
excellent blood pressure lowering effect.
5. For the prevention and basic treatment of elevated blood pressure (arterial hypertension),
various methods to decrease the intake of sodium
and to increase the intakes of potassium, calcium,
and magnesium should be comprehensively
applied in the communities.
Journal of Human Hypertension

Sodium, potassium, calcium, and magnesium changes in food items and diets
H Karppanen et al
S18

Acknowledgements
This work was commissioned by the Factors Affecting Hypertension Task Force of the European branch
of the International Life Sciences Institute (ILSI
Europe). At the time of the workshop, industry
members of this task force were Frito Lay, Kellog,
RHM Technology, Unilever and Valio. Further information about ILSI Europe can be obtained through
info@ilsieurope.be or tel. +32 (0) 2 771 0014.

References
1 US Department of Health and Human Services and US
Department of Agriculture. Dietary Guidelines for
Americans 2005 (www.healthierus.gov/dietaryguidelines).
2 Karppanen H. Minerals and blood pressure. Ann Med
1991; 2: 299–305.
3 Guyton AC. Blood pressure control—special role
of the kidneys and body fluids. Science 1991; 252:
1813–1816.
4 Mervaala E. A potassium-, magnesium-, and l-lysineenriched mineral salt. Cardiovascular and renal effects
and interactions with antihypertensive drugs in the rat.
Academic Dissertation, University of Helsinki. ISBN
952-90-7197-3 Hakapaino Oy, Helsinki, 1995.
5 Akita S et al. DASH-Sodium Trial Collaborative
Research Group. Effect of the dietary approaches to
stop hypertension (DASH) diet on the pressure–
natriuresis relationship. Hypertension 2003; 42:
8–13.
6 Eaton SB, Konner M. Paleolithic nutrition. A consideration of its nature and current implications. N Engl
J Med 1985; 312: 283–289.
7 Eaton SB, Eaton III SB. Paleolithic vs modern diets—
selected pathophysiological implications. Eur J Nutr
2000; 39: 67–70.
8 Appel LJ et al. A clinical trial of the effects of dietary
patterns on blood pressure. DASH Collaborative
Research Group. N Engl J Med 1997; 336: 1117–1124.
9 Intersalt Cooperative Research Group. Intersalt: an
international study of electrolyte excretion and blood
pressure. Results for 24 h urinary sodium and potassium excretion. Br Med J 1988; 298: 319–328.
10 Law MR, Frost CD, Wald NJ. By how much does
dietary salt reduction lower blood pressure?
I—Analysis of observational data among populations.
Br Med J 1991; 302: 811–815.
11 Lifton RP, Gharavi AG, Geller DS. Molecular mechanisms of human hypertension. Cell 2001; 104:
545–556.
12 Kearney PM et al. Global burden of hypertension: analysis of worldwide data. Lancet 2005; 365:
217–223.
13 He FJ, MacGregor GA. Effect of longer-term modest salt
reduction on blood pressure. The Cochrane Database
of Systematic Reviews 2004 Issue 1. Art. No.:
CD004937. DOI: 10.1002/14651858.CD004937.
14 Sacks FM et al. For the DASH Collaborative
Research Group. Effects on blood pressure of reduced
dietary sodium and the dietary approaches to stop
hypertension (DASH) diet. N Engl J Med 2001; 334:
3–10.
Journal of Human Hypertension

15 He FJ, MacGregor GA. Effect of modest salt reduction
on blood pressure: a meta-analysis of randomized
trials. Implications for public health. J Hum Hypertens
2002; 16: 761–770.
16 Geleijnse JM, Kok FJ, Grobbee DE. Blood pressure
response to changes in sodium and potassium intake:
a metaregression analysis of randomized trials. J Hum
Hypertens 2003; 17: 471–480.
17 Whelton PK et al. Effects of oral potassium on blood
pressure. Meta-analysis of randomized controlled
clinical trials. JAMA 1997; 27: 1624–1632.
18 Vaskonen T. Dietary minerals and modification of
cardiovascular risk factors. J Nutr Biochem 2003; 14:
492–506.
19 Griffith LE et al. The influence of dietary and
nondietary calcium supplementation on blood pressure: an updated meta-analysis of randomized
controlled trials. Am J Hypertens 1999; 1: 84–92.
20 Jee SH et al. The effect of magnesium supplementation on blood pressure: a meta-analysis of randomized clinical trials. Am J Hypertens 2002; 15:
691–696.
21 Altura BM, Altura BT. Role of magnesium in the
pathogenesis of hypertension updated: relationship to
its action on cardiac, vascular smooth muscle, and
endothelial cells. In: Laragh J, Brenner BM (eds).
Hypertension: Pathophysiology, Diagnosis, and Management, 2nd edn. Raven press: New York, 1995,
pp 1213–1242.
22 He FJ, MacGregor GA. Fortnightly review: beneficial
effects of potassium. Br Med J 2001; 32: 497–501.
23 Karppanen H et al. Safety and effects of potassium- and magnesium-containing low sodium salt
mixtures. J Cardiovasc Pharmacol 1984; 6(Suppl 1):
S236–S243.
24 Karppanen H, Vaskonen T, Mervaala E. Novel ‘MultiBene’ food composition lowers serum cholesterol and
decreases obesity. XIII International Symposium on
Drugs Affecting Lipid Metabolism, Florence 1998
Abstract Book, p. 32.
25 Vaskonen T, Mervaala E, Krogerus L, Karppanen H.
Supplementation of plant sterols and minerals benefits
obese Zucker rats fed an atherogenic diet. J Nutr 2002;
132: 231–237.
26 Saris NE et al. Magnesium. An update on physiological, clinical and analytical aspects. Clin Chim Acta
2000; 29: 1–26.
27 Mervaala EMA, Laakso J, Vapaatalo H, Karppanen H.
Improvement of cardiovascular effects of metoprolol
by replacement of common salt with a potassium- and
magnesium-enriched salt alternative. Br J Pharmacol
1994; 112: 640–648.
28 Cappuccio FP. Dietary prevention of osteoporosis:
are we ignoring the evidence? J Clin Nutr 1996; 63:
787–788.
29 Mervaala EMA et al. Beneficial effects of a potassiumand magnesium-enriched salt alternative. Hypertension 1992; 19: 535–540.
30 Jula A, Karanko H. Effects on left ventricular
hypertrophy
of
long-term
nonpharmacological
treatment with sodium restriction in mild-to-moderate
essential hypertension. Circulation 1994; 89: 1023–
1031.
31 Kupari M, Koskinen P, Virolainen J. Correlates of left
ventricular mass in a population sample aged 36 to 37
years. Focus on lifestyle and salt intake. Circulation
1994; 89: 1041–1050.

Sodium, potassium, calcium, and magnesium changes in food items and diets
H Karppanen et al
S19

32 Eaton SB, Eaton III SB, Konner MJ. Paleolithic
nutrition revisited: a twelve-year retrospective on
its nature and implications. Eur J Clin Nutr 1997; 51:
207–216.
33 Karppanen H, Mervaala E. Adherence to and population impact of non-pharmacological and pharmacological antihypertensive therapy. J Hum Hypertens 1996;
10(Suppl 1): S57–S61.
34 Vartiainen E et al. Changes in risk factors explain
changes in mortality from ischaemic heart disease in
Finland. Br Med J 1994; 309: 23–27.
35 Vartiainen E, Sarti C, Tuomilehto J, Kuulasmaa K. Do
changes in cardiovascular risk factors explain changes
in mortality from stroke in Finland? Br Med J 1995;
310: 901–904.
36 National Public Health Institute, Finland. Statistics on
cardiovascular diseases 2003.

37 Tuomilehto J et al. Urinary sodium excretion and
cardiovascular mortality in Finland: a prospective
study. Lancet 2001; 357: 848–851.
38 Jürgens G, Graudal NA. Effects of low sodium diet
versus high sodium diet on blood pressure, renin,
aldosterone, catecholamines, cholesterols, and triglyceride. The Cochrane Database of Systematic Reviews
2004, Issue 1. Art. No.: CD004022. DOI: 10.1002/
14651858.CD004022.pub2.
39 Geleijnse JM et al. Reduction in blood pressure with
a low sodium, high potassium, high magnesium salt
in older subjects with mild to moderate hypertension.
Br Med J 1994; 309: 436–440.
40 Tikkanen MJ et al. Effect of diet based on low-fat foods
enriched with nonesterified plant sterols and mineral
nutrients on serum cholesterol. Am J Cardiol 2001; 88:
1157–1162.

Journal of Human Hypertension

