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SUMMARY

Background: Restricting the dietary intake of sodium
chloride is associated with a reduction of the arterial blood
pressure by approximately 4/2 mm Hg in hypertensive pa-
tients and by approximately 1/0.6 mm Hg in normotensive
persons. As the cardiovascular risk is known to rise
steadily with systolic blood pressure values starting from
115 mm Hg, lowering the mean blood pressure of the gen-
eral population by dietary salt restriction would seem to
be a practicable form of primary prevention of cardiovas-
cular disease.

Method: Selective literature search and review.

Results: Multiple studies have shown dietary salt restric-
tion to be associated with lower cardiovascular morbidity
and mortality. The reduction of adjusted relative risk in
controlled observational studies ranges from 25% over 15
years to 41% over three years.

Conclusion: On the basis of the available studies, it seems
likely that a moderate lowering of the daily intake of
sodium chloride by the general population from 8 to 12
grams per day (the current value) to 5 to 6 grams per day
would be a useful public health measure, with economic
benefits as well. The potential risks for certain groups of
individuals are foreseeable and controllable. A general
reduction of dietary salt intake can only be achieved by
reducing the sodium chloride content of industrially
processed foods, as these account for 75% to 80% of the
sodium chloride consumed daily. Aside from a general re-
duction of dietary salt intake, further important primary
prevention measures for the general population include
changes in lifestyle and in dietary habits.
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c ardiovascular disorders continue to be respon-
sible for more than half of all deaths in western
industrialized nations (el1). Primary prevention of these
disorders aims to reduce their premature occurrence
and the economic burden they place on society. This re-
view article is based on a selective literature search and
an earlier review article (4) investigating the relation
between dietary salt intake, blood pressure, incidence
of hypertension, and cardiovascular sequelae. \We
review whether reducing dietary salt intake is a promis-
ing measure for the primary prevention of cardiovascu-
lar morbidities in the long term. Unfortunately, in spite
of large-scale information campaigns to the public, at-
tempts to change the eating habits of Germany’s popu-
lation in the past 10 years, and to thus reduce the rates
of overweight and obesity, have failed, as is obvious
from the data collected in the German National Con-
sumption Study Il (Nationale \erzehrsstudie 11 [1]).
Education campaigns targeting selected groups of
patients have yielded some impressive successes, as
evidenced by DASH (Dietary Approach to Stop Hyper-
tension), a diet that resembles the Mediterranean diet
and has led to notable reductions in blood pressure in
hypertensive and normotensive persons (2, e2). The
risk of coronary heart disease (CHD) and stroke was
also lowered, as shown by a 24 year study of 18 497
nurses that had followed the DASH diet closely (e3).
Adherence to these measures has, however, been low
since the studies were concluded (3). Similarly, studies
of dietary salt reduction have shown that a mere 25% of
participants reached the desired objective (e4). A
general change of dietary habits in the sense of Medi-
terranean food has also failed because a change in
individual dietary habits has been notably less accepted
by socioeconomically weaker strata of
society—presumably for reasons of cost—than by the
higher social classes (1).

Dietary salt intake, cardiovascular risk, and
incidence of hypertension

The publications cited by us reported and discussed
mostly only the adjusted relative risks. We calculated
changes in absolute risks from the raw data provided in
some studies. An increase in the intake of dietary salt of
100 mmol (approximately 5.8 g NaCl) is associated
with an increase in cardiovascular events of 51% and in
overall mortality of 26%, as was shown by a 7 year
prospective study from Finland, which included 1173
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Mechanisms for a fall in cardiovascular morbidities by reducing
dietary salt intake in the general population

Independently of blood pressure,
a high intake of NaCl has been
associated with the following
findings in clinical studies:

® [ncreases in left ventricular muscle mass (e37)

® Reduction in arterial compliance and raised pulse
pressure (e38)

® \Weakened baroreceptor reflex (€39)

® |nitially increased glomerular filtration rate, later glome-
rulosclerosis (e40)

® [ncreased microalbuminuria (e41)

® Experimentally in rats: myocardial and renal fibrosis
(e42)

men and 1263 women whose salt intake was deter-
mined by measuring their renal excretion of sodium
(e5).

In a recently published meta-analysis of 13 studies
with 177 025 participants and study periods ranging
from 5 to 19 years, an increase in the intake of dietary
salt of 5 g/day was associated with an increase in the
rate of strokes of 23% and of cardiovascular morbid-
ities of 17% (6). A high intake of salt leads to greater
mortality due to stroke independently of a rise of blood
pressure (e6, e7).

A high dietary intake of salt thus constitutes a car-
diovascular risk factor independent of blood pressure
(Figure), a fact that has also been confirmed in numer-
ous other clinical and experimental studies (4, 5) (Box
1).

Conversely, restricting dietary salt intake is associ-
ated with a decrease in the rate of cardiovascular
events. In the TOHP-I (Trial of Hypertension Preven-
tion) study of slightly overweight persons with high
normal blood pressure (7), 744 participants reduced
their dietary salt intake by 2.6 g/d for a year and a half;
in the TOHP-II study, 2382 participants reduced their
dietary salt intake by 2 g/d for 4 years. After adjusting
for various biases, the relative risk for cardiovascular
events 15 and 10 years later was significantly (25%)
lower in participants with restricted dietary salt intake
than in the control groups on whom no dietary salt
restriction was imposed in the earlier study periods (ab-
solute risk reduction [ARR] 1.4%). Total mortality fell
by 20% (ARR 0.3%), but did not reach significance.
Titze and Ritz (e8) pointed out that the reduced rate of
cardiovascular events in this study can be explained
primarily with the intensive dietary and behavioral
advice with the objective of achieving a reduction in
daily salt intake.

In Taiwan, 2 of 5 large-scale catering establishments
in old people’s homes substituted salt with sodium-
reduced, potassium-enriched mineral salt (49% NaCl,
49% KCI), which meant a reduction in dietary salt
intake in 768 elderly people from 13.1 g/d to 9.6 g/d.
After 31 months, the adjusted cardiovascular mortality
in the group with restricted salt intake was 41% lower
than in the control group whose salt intake had
remained unchanged (raw data: 27 events per 2057
person years in the intervention group versus 66 events
per 3218 person years in the control group [8]). This
equates to an absolute risk reduction of 0.74%.

In Finland in 1972 to 2002, the relative risk for an-
nual mortality due to myocardial infarction fell by 77%
and due to stroke by 71% in the age group under 65,
and the average life expectancy rose by 6 years in both
men and women (9). The relative risk reductions are
compared with the general annual risk of Finish people
younger than 65 of dying from stroke, which was about
1in 1000 in 1972 (10). The authors (9) explain this suc-
cess to a large part with a reduction in dietary salt in
processed foods, in which sodium chloride was partly
substituted by mineral salt that consisted of only 50%
sodium chloride and 50% potassium chloride,
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magnesium sulfate, and lysine hydrochloride. The aver-
age daily intake of dietary salt fell from 14 g/d to 9 g/d
and the average systolic blood pressure by 15 mm Hg.
The observed fall in mortality due to stroke was 52%
and the fall in CHD rates 15%, which was explained
with the lower blood pressure resulting from NaCl
reduction (10, 11). Other crucial influences on the
successful results included the fall in total cholesterol
measurements from 7.0 mmol/L to 5.7 mmol/L (e9), the
fall in the rate of smokers from 53% to 37%, and better
treatments for hypertension and CHD (10, 11).

In Japan, mortality due to stroke between 1970 and
1990 fell by 43.5% (raw data: 99/100 000 versus
175/100 000), which was associated with a reduction in
the average salt intake from 14.5 g/d to 12.5 g/d (12,
el0).

A reduced dietary intake of salt is accompanied by a
lowering of blood pressure in the population. Restrict-
ing the daily salt intake by 0.9 g, which was monitored
by measuring sodium excretion, and increasing the
amount of fruit and vegetables in people’s diets in a
Japanese village of 550 inhabitants was associated with
a fall in average systolic blood pressure of 2.7 mm Hg
within a year, compared with a control village where
the dietary salt intake increased by 0.7 g/d during the
same time period. The diastolic blood pressure
remained the same (13).

Lowering the average blood pressure is also associ-
ated with a decrease in hypertension (e1l). In North
Karelia, between 1982 and 1997, reductions in the
average blood pressure of 6/3 mm Hg in men and 7/3
mm Hg in women were associated with a fall in the
prevalence of hypertension in men from 35.1% to
28.7% and in women from 28.4% to 20.8% (e12).

Some studies have shown no relation (14, 15) or an
inverse relation (16) between the amount of dietary salt
intake and cardiovascular morbidities. However, these
studies either had short observational periods of merely
a few years (such as the Scottish Heart Health Study
[14] or the Rotterdam Study [15]) or were methodo-
logically controversial (16, e13).

One of the criticisms of the data from the
NHANES-1 survey published by Alderman in 1992
(16) has to be that the daily dietary intake if sodium
chloride for 19 years was extrapolated from a single
day’s intake (one-day recall). In the 9-year NHANES-
111 survey of 2000 (e14), the raised incidence of car-
diovascular morbidities in people with low salt intake
did not reach significance (as it had in NHANES-I) but
was noticeable only as a trend. Alderman (17) discusses
the possibility of a J curve between sodium intake and
cardiovascular morbidity and mortality, which seems to
be borne out by experimental findings (e15).

Critical assessment of henefits and possible
risks

Hopper et al. (18) are of the opinion that the achieved
reduction in average blood pressure by 1/0.6 mm Hg is
too low to reduce risk of cardiovascular morbidities.
They base their opinion on a comprehensive Cochrane
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Possible adverse effects of a general
reduction in dietary salt to 5-6 g/d

@ Sodium deficiency in extreme situations (heat, diarrhea)
® Sodium loss in renal morbidities

@ Sodium deficiency in adrenal insufficiency

® Hyponatremia in elderly people (?)

® Hypovolemia in pregnancy (?)

@ |odine deficiency

Adverse effects of drastic salt
restriction to 1 g/d

® Activation of renin-angiotensin-aldosterone system

® Activation of sympathetic nervous system (only
noradrenaline)

® |ncrease of LDL cholesterol levels and triglycerides in
blood

® |ncreased blood concentrations of uric acid

® | owered insulin sensitivity

Review of 11 randomized controlled trials (RCTs)
including 3514 normotensive and hypertensive individ-
uals in whom the average daily dietary salt intake was
reduced by 2 g. Similar to McCarron (19), they call for
RCTs to confirm a reduction in overall mortality, which
was not proven in TOHP-1 and TOHP-II (7). However,
RCTs to answer this question are hardly possible be-
cause, in addition to exorbitant costs, several thousand
participants would have to be recruited who, in the in-
tervention group, would have to reduce their salt intake
permanently for 10-15 years (6). The question of
whether the effects of dietary salt reduction are also
attributable to changes in the intake of other minerals as
a result of the dietary modification remains unanswered
(18, 19). Overall, in persons restricting salt intake, a
trend exists to increase the dietary intake of potassium
and magnesium and to decrease the intake of calcium,
iron, some B vitamins, and saturated fats (18). This
argument is not valid if the salt content is reduced only
in industrially processed foods.

Investigators in some short term trials have observed
activation of the renin-angiotensin-aldosterone system
and the sympathetic nervous system, a decrease in insu-
lin sensitivity, and increases in LDL cholesterol con-
centrations, triglycerides, and uric acid (Box 2). Jiirgens
and Graudal (20) interpret the increase in LDL choles-
terol by 5% as a possible risk factor for an increase in
cardiovascular morbidities. However, such increases in
LDL cholesterol were observed only under the extreme
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Dietary salt consumption per day

Average amount of dietary salt in average daily amounts consumed in Germany (e43)

® 1g: basic foodstuffs, unprocessed: vegetables, potatoes, grains, milk, meat

® 2-3¢: bread, all sorts

® 3-5¢: cold cuts: sausages, ham/bacon, salt-cured foods, cheeses, marinades for fish
® 45q: industrially processed foods, tinned foods, fish dishes, home made foods
®12q: putting extra salt on food and using seasonings that contain salt

conditions of a short-term drastic restriction of dietary
salt intake to 1 g/d for 5-7 days. For the primary pre-
vention of cardiovascular morbidities, a moderate salt
restriction to 5-6 g/d is recommended. In the TOMHS
study, participants with mild hypertension whose only
therapeutic measure was salt reduction by 1.5 g/d,
lowered LDL cholesterol measurements of 7.5 mg/dL
and of triglycerides of 19.2 mg/dL were observed after
4.4 years (el6).

Jurgens and Graudal (20) interpret the trebling of
plasma renin and aldosterone concentrations as a
physiological counter-reaction. Recent studies have
shown that raised plasma renin levels do not result in a
higher incidence of cardiovascular morbidities (€17). In
Yanomamo Indians who consume only 0.4 g/d of NacCl,
plasma renin levels are also increased to similar
concentrations and aldosterone to about 10 times the
normal level; however, no increase in cardiovascular
morbidities has been reported for this population (e18).

With a moderate restriction of salt intake to 5-6 g/d,
which vastly exceeds the minimum requirement of 1
g/d, short episodes of severe diarrhea or longer epi-
sodes of vomiting are not likely to cause sodium defi-
ciency, and are likely to be manageable in the same way
as sodium loss subsequent to renal disease or adrenal
insufficiency. Geriatricians (21) warn of restricting die-
tary salt intake in elderly patients for fear of causing
sodium deficiency. Most elderly people would, how-
ever, benefit from restricting dietary salt intake because
60% to 70% of those older than 70 have systolic hyper-
tension of old age, for which restricting salt intake is as
beneficial as for systolic-diastolic hypertension (e19).

A moderately restricted salt intake is not believed to
be dangerous for pregnant women. The upper limit of
5.8 g/d of salt that was decided by the US Food and Nu-
trition Board in 2004 also applies to pregnant women
(22, e20). Controlled studies in pregnant women who
restricted their salt intake to 3.5 g/d did not show any
effects on maternal blood pressure and neonatal weight
(e21).

In regions with endemic struma, a general restriction
of dietary salt may result in iodine deficiency; iodine
supplementation is required for pregnant women in

such areas even now (e22). lodine deficiency, which is
a possible side effect of lower salt intake, can be
balanced by increasing iodine concentrations in the salt
(23).

Putting salt restrictions into practice

The minimum salt requirement is about 1 g/d, as has
been shown in indigenous populations (e23). Restrict-
ing salt intake in the industrialized countries from 8-12
g/d to 5-6 g/d has been recommended for hypertensive
individuals for many years by the World Health Orga-
nization (23) and guidelines from and numerous medi-
cal societies (e24, e25); nowadays this is recommended
even for the general population (22). This will be diffi-
cult to achieve in everyday life because people in West-
ern industrialized countries ingest 75% to 80% of their
daily amounts of dietary salt in industrially processed
foods (sausages, cheeses, tinned foods, ready meals,
fast food, restaurant food, and canteen food) and
especially in bread (Box 3). It therefore seems to make
sense to lower the salt content of foods gradually by
40% to 50%.

Expected successes
The extent of salt reduction and targeted fall in blood
pressure determine the success of restricting the salt in-
take in the general population. If the dietary salt intake
is moderately reduced by 3 g/d, the systolic blood
pressure reduction in normotensive individuals is ex-
pected to be 1.8 to 3.5 mm Hg (24, €28). Lowering sys-
tolic pressure is associated with a relative risk reduction
for ischemic heart disease and cardiovascular mortality
of 4% to 5% and a fall in overall mortality of 3% (25).
In the US, a reduction of salt intake to an average of 5.8
g/d is expected to result in an annual reduction of hy-
pertension cases by 11 million and annual cost savings
of 18 billion dollars in the healthcare system (e29). A
decreased incidence of hypertension as a result of salt
restriction would thus counteract the increased rates in
overweight, diabetes, and terminal renal failure that have
been seen in the US and Europe in recent years (€30).

A general reduction in salt is also beneficial in
children because the salt intake during childhood
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determines blood pressure in children and adolescents,
and a high salt intake is likely to increase the appetite
for salt (e31). Increasing consumption of soft drinks
also leads to an increase in salt intake in children and
adolescents. Restricting salt would therefore also
contribute to combating the increasing problem of
overweight in young people (e32).

Conclusion

In the context of this review article it is not possible to
consider all studies of interventions (medical treatment,
changes of lifestyle) that influence cardiovascular mor-
bidities (e33, e34) and their beneficial effects (5, e13)
or the whole subject of salt sensitivity (e35). The main
task for the planned task force “Less salt for all” (e36)
should be to critically assess the risks and benefits of a
general restriction of dietary sodium chloride. We can-
not expect rapid successes for a stepwise, gradual re-
duction of the salt content of processed foods. Patience
is required, as is the provision of non-dogmatic and
consistent information to the public. We cannot empha-
size enough that lifestyle modifications and dietary
modifications as the established measures for the pri-
mary prevention of cardiovascular morbidities should
not only be retained but should even be intensified
because a high intake of dietary salt and raised blood
pressure are merely two of many cardiovascular risk
factors.
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