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Abstract

The contribution of high sodium intake to hypertension and to the severity of immune-mediated diseases is still being heatedly
debated in medical literature and in the lay media. This review aims to demonstrate two conflicting views on the topic, with the
first part citing the detrimental effects of excessive salt consumption. Sodium plays a central role in volume and blood pressure
homeostasis, and the positive correlation between sodium intake and blood pressure has been extensively researched. Despite the
fact that the average of global daily salt consumption exceeds recommendations of international associations, health damage from
excessive salt intake is still controversial. Individual differences in salt sensitivity are in great part attributed to this contradiction.
Patients suffering from certain diseases as well as other vulnerable groups—either minors or individuals of full age—exhibit
more pronounced blood pressure reduction when consuming a low-sodium diet. Furthermore, findings from the last two decades
give insight into the concept of extrarenal sodium storage; however, the long-term consequences of this phenomenon are lesser
known. Evidence of the relationship between sodium and autoimmune diseases are cited in the review, too. Nevertheless, further
clinical trials are needed to clarify their interplay. In conclusion, for salt-sensitive risk groups in the population, even stricter limits
of sodium consumption should be set than for young, healthy individuals. Therefore, the question raised in the title should be
rephrased as follows: “how much salt is harmful” and “for whom is elevated salt intake harmful?”
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Abbreviations Introduction

Na-MRI  Sodium magnetic resonance imaging

BP Blood pressure With salt being the principal means of preserving food prior to
cv Cardiovascular refrigeration, the amount of salt in foodstuff has significantly
DASH Dietary Approaches to Stop Hypertension increased. Indirect evidence for the salt consumption of pre-
ESL Endothelial surface layer historic people comes from investigations conducted on pri-
GAG Glycosaminoglycan mates or on contemporary tribes living in their natural envi-
HETE Hydroxyeicosatetraenoic acid ronment (e.g., Yanomamo Indians) [1, 2]. In ancient times,
IL-17 Interleukin-17 prior to access to external sources of salt (i.e., salt mines),
Thl7 T helper 17 the level of daily average salt intake was low, approximately
TOHP Trial of Hypertension Prevention 0.1-1.0 g/day (0.04-0.4 g sodium/day), which, throughout
WHO World Health Organization history, has increased to today’s 8.75-10.5 g/day (3.54.2 g

sodium/day), with significant regional differences, in most
countries well above the recommendations [3].

In industrial societies, eating habits—including salt
consumption—have substantially changed over the past few
decades. The sodium content of processed food is well beyond
recommendations without the consumer exercising control
over it. About 15% of dietary sodium intake is inherent to

' 1st Department of Paediatrics, Semmelweis University, Bokay Janos food and ~ 71% is added during food processing. Only the
u. 53-54, Budapest H-1083, Hungary remaining fraction is added while eating and cooking [4].

2 MTA-SE Paediatrics and Nephrology Research Group, Hungarian Dietary sodium intake appears in different chemical forms,
Academy of Sciences, Semmelweis University, Budapest, Hungary the most common being sodium chloride (table salt), sodium
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bicarbonate, and sodium glutamate—a flavor enhancer found
ubiquitously in processed food.

The human body, predestined to salt conservation by the
evolution, could not adapt to increased salt intake. This dis-
crepancy is reflected in the growing number of people affected
by salt-sensitive hypertension and cardiovascular (CV) dis-
eases, putting tremendous pressure on the healthcare system
[5]. Conventionally volume expansion arising from salt con-
sumption had been explained solely by the interplay between
sodium homeostasis and the extracellular space. Having seen
its beneficial effects, sodium restriction has become an auxil-
iary therapy in a number of diseases involving volume over-
load (e.g., hypertension, kidney diseases, CV diseases, liver
cirrhosis).

Since high salt intake has long been considered a key risk
factor of hypertension, several associations, organizations
have made recommendations regarding daily sodium intake.
According to the proposals of the World Health Organization
(WHO) and the American Heart Association for normal,
healthy adults, daily sodium intake should not exceed the level
of 2.0 g/day or 2.3 g/day, respectively [6, 7]. Since children
have a lower need for sodium, their daily dietary sodium in-
take is different from that of adults. Recommended sodium
intakes vary by age; the reference values from the National
Academy of Medicine (USA) are listed in Table 1 [8].

Despite the recommendations, health damage from exces-
sive salt intake is still a subject of debate without the experts
reaching consensus about the rate of optimal salt intake. This
is partly due to the flawed design of studies and partly due to
individual reactions to elevated salt intake [9]. The often in-
consistent use of the terms “salt” and “sodium” in the studies
concerning recommended salt intake adds to the confusion
too. Therefore, distinction between salt and sodium must be
made: 1 g of salt is equal to 40% of sodium and 60% of
chloride.

Sodium and blood pressure

Sodium plays a central role in human physiology: it canoni-
cally maintains and regulates extracellular body fluid volume

Table 1 Sodium intake recommendation for children and adolescents
made by the National Academy of Medicine (USA) [8]

Recommended maximum
daily sodium intake

Age (years)

(mg/day)
1-3 1500
48 1900
9-13 2200
14-18 2300
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and blood pressure (BP). Until recently local sodium handling
and storage outside the kidney were not considered significant
factors (as seen in the last section); only renal sodium transport
and homeostasis had been described extensively. The complex
interplay between sodium intake, BP, and renal sodium excre-
tion was explored by Guyton who developed the concept of
pressure natriuresis [10, 11]. According to this concept, the
increased sodium intake results in an increase of extracellular
volume and elevated BP that in turn induces sodium and water
diuresis. When renal sodium excretion equilibrates with sodi-
um intake, BP returns to normal. The mean arterial pressure at
which exact fluid and salt balance is reached is called equilib-
rium point or set point. At any pressure greater than this point,
net loss of salt and water occurs until the pressure returns to
the equilibrium point. It is to be emphasized that the equilib-
rium point can shift upward when renal functions are impaired
or permanently high sodium intake is provided.

The interaction of sodium intake and BP has been reflected
in the work of Denton et al., which is probably the most
important piece of evidence derived from animal studies [1].
Chimpanzees were placed on high-salt diet (12 g salt/day =
4.8 g sodium/day) and the animals developed hypertension,
which reversed when they resumed their usual low-salt (0.25—
0.5 g salt/day = 0.1-0.2 g sodium/day) diet.

Population-level studies underlie the effect of salt con-
sumption on high BP. The INTERSALT study established
relationship between the levels of salt consumption and BP
at the level of individuals and at population levels. Sodium
excretion and BP of 10,079 men and women aged 2059 from
52 centers around the world were measured. Within each cen-
ter, positive correlation between electrolyte excretion and BP
was found and populations with a higher average dietary salt
load had on average a higher rate of hypertensive patients [12,
13]. People with a higher salt consumption had a higher aver-
age BP and a greater increase of BP with age.

The relationship between dietary salt intake and BP was
investigated in children, too. In 1983, Hofman et al. random-
ized 476 infants into normal (average sodium intake = 0.328 +
0.124 g/day) and low salt intake (average sodium intake =
0.117 £ 0.035 g/day) groups [14]. After 25 weeks of dietary
intervention, systolic BP of the low salt intake group was
2.1 mmHg (90% CI — 3.7— 0.5; P < 0.05) lower than that
of' normal salt intake group. Fifteen years later, Geleijnse et al.
reinvestigated 167 children from among the participants [15].
Results showed that low-sodium diet consumed during infan-
cy had an effect on the participants’ BP (— 3.6 mmHg; 95% CI
—6.6— 0.5; P < 0.05) at a later age, too.

Two Trials of Hypertension Prevention (TOHP) were con-
ducted in the late 1980s and early 1990s. The aim of TOHP I
was to assess the effect of several, non-pharmacological inter-
ventions (weight loss, sodium reduction, stress management,
and nutritional supplements) on BP reduction. Subjects were
comprised of adults with prehypertension (diastolic BP 80-89
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mmHg) [16]. In sodium reduction group, sodium excretion
decreased by 44 mmol/day (1.012 g sodium/day) by the end
of the 18-month follow-up period. TOHP II evaluated the
combined impact of weight loss and sodium reduction on a
population of slightly overweight adults with prehypertension
[17]. Sodium reduction alone caused an average net decrease
of 40 mmol/day (0.920 g sodium/day) in urinary sodium
excretion.

In each of the studies, small decreases in systolic BP/
diastolic BP were seen with sodium reduction over the 18 or
36 months the trials lasted (TOHP I — 1.7/~ 0.8 mmHg, P <
0.05; TOHP I — 1.2/~ 0.7 mmHg, P < 0.05) [18, 19].

Sodium and cardiovascular morbidity/mortality

As previous chapters have already suggested, individual re-
sponse to high dietary sodium varies among the population.
Despite this heterogeneity, in 2012, WHO recommended a
maximum intake of 2 g sodium/day for the prevention of
CV diseases for the general population. However, literature
data regarding the positive correlation between sodium intake
and the risk of CV is still controversial: some analyses even
claim that neither hypertensive nor normotensive or elderly
people benefit from reduced dietary sodium intake [20, 21].

In contrast, numerous publications have shown correlation
between sodium intake and the risk of certain CV outcomes in
the general population. In Great Britain, due to public health
policy measures taken between 2003 and 2011, dietary salt
consumption in the population has dropped by 1.4 g/day
(0.56 g sodium/day, P < 0.01), contributing to the reduction
in the number of ischemic heart disease and stroke-related
death [22].

Two meta-analyses of prospective studies have shown cor-
relation between higher sodium intake and the risk of stroke
and CV diseases [23, 24]. Two further studies imply that so-
dium intake over the recommendations can increase the inci-
dence of stroke independently of BP [25, 26]. In a prospective
study from Finland, salt intake proved to be an independent
risk factor for coronary heart disease, too [27]. A recent re-
search established positive correlation between dietary salt
intake and subclinical markers of CV diseases [28].

In addition to data derived from the general population,
data from several special subgroups is available, too. Cook
et al. followed up the prehypertensive participants of TOHP
IT'and TOHP II for 10 or 15 years, respectively. They examined
the long-term effects of sodium reduction on CV disease and
mortality. At the end of the follow-up, the relative risk of CV
events (heart attack, stroke, or CV-related death) was 25%
lower in the sodium reduction group (relative risk = 0.75,
95% CI 0.57-0.99, P < 0.05). In other words, sodium inter-
vention group had less cumulative incidence of CV disease
and less cumulative mortality [29]. In 2016, after a follow-up
period of 25 years, Cook et al. published data on the mortality

of TOHP participants. The authors found a direct linear asso-
ciation between sodium intake and total mortality (P = 0.048)
(Fig. 1) [30].

Zhao et al. conducted a prospective cohort study in China
among participants with prehypertension and 30 to 70% de-
gree of coronary artery stenosis. For participants consuming a
high-salt diet (> 6 g salt/day = 2.4 g sodium/day), the hazard
ratio was 1.97 (95% CI1 1.08-2.27; P=0.011) for CV diseases
[31]. Among those, who consumed a high-salt diet, subgroup
analysis was made. From among the subgroups, patients older
than 60 years, men, overweight patients, and patients with
elevated serum cholesterol level had a higher ratio for CV
diseases than the group average, highlighting that these factors
account for a more prominent relationship between sodium
intake and CV risk. The contribution of overweight to high
salt-induced hypertension is corroborated by two further stud-
ies [27, 32].

Recently, not only high-, but also low-sodium excretion
has been associated with a higher CV mortality, too. This
correlation showing J- or U-shaped curve has been observed
in healthy individuals and in patients with type 2 diabetes
[33-35].

Spline plot of average sodium intake was based on multiple
24-h excretions and total mortality in observational analysis of
usual intake in the TOHP cohorts. Hazard ratios are shown for
total mortality over > 20 years as a function of usual sodium
intake averaged over 3 to 7 urine collections over 1 to 3 years
at baseline. Mortality is lowest among those with usual
sodium intake < 2300 mg/day and highest among those with
levels > 6000 mg/day. There is a significant direct linear effect
of sodium on mortality (P = 0.048) with no evidence of non-
linearity (P = 0.90) in spline analysis (reprinted with permis-
sion from “Sodium Intake and All-Cause Mortality Over 20
Years in the Trials of Hypertension Prevention” by Cook NR
et al., J Am Coll Cardiol. 2016;68(15):1609-17, [30]).

Salt-sensitive hypertension and special risk
groups in adults

Despite the data available on the association between high
sodium intake and high BP, health damage from excessive salt
intake is still controversial. This is attributed to individual
differences in susceptibility [36].

Kempner et al. treated numerous patients suffering
from severe hypertension with a strict low-salt diet
(0.25 g salt/day = 0.1 g sodium/day) [37]. Consistent with
previous observations, the diet markedly decrecased BP
and also alleviated consequences of hypertension (e.g.,
decreased transverse diameter of the heart on X-ray scans,
and improved kidney function). This is another piece of
evidence underlying that high-salt diet especially in a hy-
pertensive population may be harmful.
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Fig. 1 Sodium intake and all-
cause mortality over 20 years
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Lowering sodium in the Dietary Approaches to Stop
Hypertension (DASH) study had a favorable effect, too [38].
The DASH-Sodium trial studied the combined effect of dif-
ferent levels of dietary sodium and the DASH diet—a diet rich
in vegetables, fruits, and low-fat dairy products—on hyper-
tensive or normotensive individuals. A total of 412 partici-
pants were randomly assigned to eat either a typical
American diet or a DASH diet. Sodium content within each
dietary regime was either low, intermediate, or high (50, 100,
150 mmol sodium/day = 1.15, 2.30, 3.45 g sodium/day). After
30 days the trial lasted, lower sodium intake correlated with
lower systolic BP in the American diet group. The most inter-
esting finding is that mostly hypertensive patients had the
highest decrease in BP following dietary salt reduction.

In a meta-analysis of randomized, controlled trials, He et al.
showed that a longer term modest salt reduction trial resulted
in a minimal reduction of systolic and diastolic BP in normo-
tensive patients [39]. However, in hypertensive patients, the
same level of dietary salt reduction resulted in more pro-
nounced systolic and diastolic BP reduction.

In an important study published by Mente et al., the asso-
ciation of estimated intake of sodium and potassium, as deter-
mined from measurements of excretion of these cations, with
BP was non-linear and was most pronounced in persons

@ Springer

consuming high-sodium diets, persons with hypertension,
and elderly persons [40].

In addition to this, attention has to be paid to differences in
salt sensitivity between races. The genetic predisposition to
salt sensitivity of BP in blacks is a common concept [41,
42]. In a trial involving only a small number of participants
(n = 7/group), Luft et al. investigated the effect of different
levels of salt consumption (10, 300, 600, 800, 1200,
1500 mmol sodium/day = 0.23, 6.90, 13.80, 18.40, 27.60,
34.50 g sodium/day) on the BP of normotensive black and
white subjects. In blacks, sodium intake as low as 800 mmol
sodium/day (18.4 g sodium/day) caused significant BP rise
compared with the lowest salt intake group (systolic BP 127
+ 1 vs. 113 + 2 mmHg, diastolic BP 80 + 4 vs. 68 + 3 mmHg;
P <0.05). In whites, 1200 mmol sodium/day (27.6 g sodium/
day) exerted a similar effect [42]. Nonetheless, research data
revealed that healthy individuals can tolerate large amounts of
salt for short periods of time.

An animal experiment, involving two rat strains, corrobo-
rated the well-known effect of genetic background in salt sen-
sitivity (unpublished data from our research group). High-salt
diet after 4 weeks caused systolic BP elevation in salt-
sensitive Sprague-Dawley rats (low-salt diet (LSD) 114.6 +
6.4; high-salt diet (HSD) 132.7 =£8.7; P < 0.01) (Fig. 2). Salt
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Fig. 2 Systolic blood pressure of Wistar (1 = 8 per group) and Sprague-
Dawley (n = 11 per group) rats fed on diets with different sodium con-
tents. Blood pressure measurement was performed on vigil animals with a
non-invasive tail-cuff blood pressure monitor. LSD (low-salt diet), a
sodium-free diet for 4 weeks (< 0.1% salt); HSD (high-salt diet), a diet
with 8.0% salt for 4 weeks. Student’s ¢ test was performed. Results are
shown as mean + SD (unpublished data). ns, not significant

sensitivity turned out to be species-dependent as the BP of
Wistar rats receiving the same high-salt diet exhibited no
change compared with the low-salt group (LSD 120.9 +
12.9; HSD 117.7 £ 8.7; P > 0.05).

Salt-sensitive hypertension and special risk
groups in children and infants

Only a limited number of clinical trials with focus on children
and salt consumption exist. A meta-analysis pointed out that
healthy children between the ages of 8 and 16 after a 42%
reduction in salt intake exhibited 1.17 mmHg systolic and
1.29 mmHg diastolic BP reduction [43]. For infants, 54%
reduction in salt intake yielded a 2.49-mmHg decrease in sys-
tolic BP. This means that even in healthy children and infants,
salt reduction has a minor, but relevant effect on BP.

An elegant study of Roccini et al. adds important details to the
interplay between obesity and salt sensitivity in adolescents [44].
A group of obese and non-obese adolescents were subjected to a
salt change diet: 2 weeks of high-salt (> 250 mmol sodium/day =
5.750 g sodium/day) diet was followed by 2 weeks of low-salt (<
30 mmol sodium/day = 0.69 g sodium/day) diet.

After the diet changed, the mean change (= SE) in mean
arterial pressure was significantly higher in the obese group (—
12+ 1 mmHg vs. + 1 £2 mmHg; P < 0.001). Thereafter, obese
participants were enrolled in a 20-week weight loss program
and were subjected to the aforementioned dietary high-salt/
low-salt protocol. After dietary salt restriction, mean arterial
pressure of those participants, who managed to lose a mini-
mum of 1 kg body weight, remained unchanged (mean change
+ SE — 1 + 1 mmHg). In contrast, the BP of participants failed

to lose weight were still sensitive to salt intake (mean change +
SE — 11 + 3 mmHg).

Normal and obese children in the USA were investigated
and grouped into quartiles based on their daily sodium intake
[45, 46]. Adjusted odds ratios for becoming prehypertensive/
hypertensive in the highest sodium intake quartile were 2.0
(95% C10.954.1, P=0.062) for all participants and 3.5 (95%
CI 1.3-9.2, P = 0.013) for overweight and obese children
compared with those in the respective groups of the lowest
sodium intake quartile [46]. This means that especially obese
children are at risk of hypertension when consuming a high-
salt diet. Sodium intake and weight status appeared to have
synergistic effects on the development of hypertension.

Low birth weight seemed to predispose people to hyper-
tension, too [47, 48]. Adult individuals with the history of low
birth weight were found to be sensitive to the BP raising effect
of salt. For individuals with birth weight under 3050 g, the
effect of dietary salt intake on BP was dose-dependent: each
1 g increase in daily salt intake was associated with a 2.48-
mmHg higher systolic BP [48]. For individuals with higher
birth weight, no significant association between salt intake
and systolic or diastolic BP was found.

Low birth weight does not only affect salt sensitivity in adult-
hood: high dietary salt intake appears to be a modifiable risk factor
for intraventricular hemorrhage in low birth weight infants [49].

The salt-sensitizing effect of low birth weight was also seen
in an animal experiment [50]: male rat offspring exposed to
uteroplacental insufficiency and born small had an increased
sensitivity to salt-induced hypertension and arterial remodel-
ing. A chronic salt challenge, even in healthy individuals,
would ultimately increase BP. The earlier rise in systolic BP
in growth restricted offspring, however, prolonged the expo-
sure time to the negative effects of arterial hypertension which
promoted end-organ damage and CV disease.

Not only low birth weight, but also prematurity itself are
risk factors of salt sensitivity. In a follow-up experiment, salt
sensitivity of BP was demonstrated in preterm-born children
at the age of 8 years [51]. This salt sensitivity may contribute
to the development of CV disease at later age.

Other perinatal complications including preeclampsia may
increase salt sensitivity. Data from an animal experiment
showed that in response to a 14-day salt challenge, offspring
derived from pregnancies complicated with experimental pre-
eclampsia, compared with offspring from normotensive preg-
nancies, had a higher systolic BP [52].

The effect of dietary salt overload on vascular
function

This section summarizes the effects salt exerts on the vascu-

lature. Investigations have already revealed that volume over-
load and/or increased BP secondary to salt overload have
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detrimental effects on the function of blood vessels’ walls
[53]. However, several lines of evidence imply that high salt
intake may have adverse impact on the vascular wall—even
independently of BP.

In the 1990s, it was observed that following salt overload,
the number of arterioles and capillaries in rat skeletal muscu-
lature decreases—a phenomenon called microvascular rare-
faction [54, 55]. Additionally, the balance of vasoconstrictors
and vasodilators gets perturbed at several points: During a diet
rich in salt, a higher proportion of 20-hydroxyeicosatetraenoic
acid (HETE) is produced, inhibiting hypoxia-induced vasodi-
latation in mesenteric arterioles [56].

Increased production of the vasoconstrictive end products of
cyclooxygenase enzymes contributes to the attenuation of vaso-
relaxation [57]. Further studies verified the activation of the vas-
cular walls’ local renin-angiotensin system [58]. In contrast to the
activation of cyclooxygenase and local renin-angiotensin system,
and the intensification of HETE production, the synthesis of the
known vasodilator NO gets disturbed; its vasodilator potential
decreases significantly [59-61].

With the impairment of the endothelial surface layer (ESL),
the condition exacerbates [62]. Sodium-binding glycosaminogly-
cans (GAGs) are found in large amounts in the ESL of the
luminal side of endothelial cells. It has been shown that following
high salt consumption, the amount of GAGs and—consequent-
ly—the amount of negative charge decrease [62]. Damaged ESL
can bring losses of the following functions: (1) water retention
due to decreased sodium buffering capacity, (2) shear stress—
mediated NO production decreases (3) due to decreased barrier
integrity; sodium enters endothelial cells in excess via epithelial
sodium channels (ENaC), causing endothelial stiffness.

Most of the above processes manifest themselves in in-
creased peripheral resistance, ultimately leading to high BP
and organ damage.

Extrarenal sodium handling and the impact
of sodium on the immune system

Textbook teaching holds that the kidney is the principal organ
of water and sodium homeostasis. This notion has been chal-
lenged in recent years. Based on long-term sodium balance
studies, Titze et al. proposed a new concept of sodium han-
dling [63]. In this model, the excess of dietary sodium intake
may bind to the negatively charged GAG molecules of the
subcutaneous interstitium of the skin. Sodium stored in this
manner may cause local hypertonicity in skin tissue.
Infiltrating macrophages sense hypertonicity and promote
lymph capillary hyperplasia, which helps temporarily store
the excess volume and alleviate BP response to high salt [63].

The presence of sodium deposition in connective tissues
was validated using special 23Na-MRI measurements, too:
age-dependent increase in the amount of stored sodium in
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the skin was detected [64]. Moreover, it is important to high-
light that female patients with refractory hypertension had
elevated amounts of stored sodium [65]. Other studies showed
an association between increased sodium storage and chronic
kidney disease and acute kidney injury [66, 67]. It is uncertain
however whether elevated sodium storage is a cause or a con-
sequence of hypertension. The long-term effects of tissue so-
dium storage on the body are elusive, too.

Salt has multiple—direct and indirect—effects on the im-
mune system. In an in vitro experiment, sodium caused dif-
ferentiation of T helper 17 (Th17) cells and consequent eleva-
tion in the excretion of interleukin-17 (IL-17) [68]. An exam-
ple for the indirect effect of sodium on Th17 cells is the salt-
induced alteration of gut microbiome composition [69]. The
relative abundance of salt-sensitive bacteria (e.g.
Lactobacillus species) following high dietary salt intake de-
creased in the gut accompanied by an increment in Th17 cells.
This implies that metabolic products (butyrate, indole deriva-
tives) of such bacteria are essential for inhibiting the differen-
tiation of T cells into Th17 lineage. Conversely, administration
of Lactobacillus murinus to experimental animals simulta-
neously receiving a high-salt diet inhibited IL-17 elevation
in the small intestine and the colon. L. murinus administration
exerted an additional anti-hypertensive effect—another piece
of evidence, which highlights interconnection between salt
consumption and the immune system, and holds promise in
the treatment of hypertension [69]. Outside hypertension,
Th17 cells have a definitive role in various immune-
mediated disorders, too. Several trials tested the impact of salt
consumption on immune-mediated disorders [70]. Animal
studies established a relationship between dietary sodium in-
take and the severity of experimental rheumatoid arthritis,
multiple sclerosis, and inflammatory bowel diseases [70].

Conclusions

Despite some methodological shortcomings in estimating/
measuring dietary salt intake and some conflicting results, there
is plenty of evidence of detrimental effect of high salt intake on
human health, particularly cardiovascular disease. But many
questions remain: do statistically significant results bear biologi-
cal relevance? Do we benefit from strict dietary recommenda-
tions? In the authors’ view, even healthy adults and children
should adhere to international proposals on salt reduction—
regardless of how much they benefit from it. According to world-
wide surveys, the average of daily salt intake is 10 g with most of
it coming from processed food. This highlights the regrettable
fact that consumers can barely exercise control over their salt
intake. This is particularly important for certain populations
who are considered to be salt-sensitive (e.g., African
Americans, elderly people, obese people, patients with hyperten-
sion, or perinatal complications) and in whom salt restriction
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would be more likely beneficial from adherence to recommen-
dations. Evidence from randomized controlled interventional
studies with an adequately planned methodology are needed to
determine the optimal rate of dietary salt intake. For the reasons
mentioned above, the question—Is too much salt harmful or
not?—should be rephrased as follows: How much and for whom
salt intake is harmful?
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