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Abstract

Excessive dietary salt (sodium chloride) intake is associated with an

increased risk for hypertension, which in turn is especially a major risk

factor for stroke and other cardiovascular pathologies, but also kidney

diseases. Besides, high salt intake or preference for salty food is discussed

to be positive associated with stomach cancer, and according to recent

studies probably also obesity risk. On the other hand a reduction of dietary

salt intake leads to a considerable reduction in blood pressure, especially in

hypertensive patients but to a lesser extent also in normotensives as several

meta-analyses of interventional studies have shown. Various mechanisms

for salt-dependent hypertension have been put forward including volume

expansion, modified renal functions and disorders in sodium balance,

impaired reaction of the renin-angiotensin-aldosterone-system and the

associated receptors, central stimulation of the activity of the sympathetic

nervous system, and possibly also inflammatory processes.

Not every person reacts to changes in dietary salt intake with alterations

in blood pressure, dividing people in salt sensitive and insensitive groups.

It is estimated that about 50–60 % of hypertensives are salt sensitive. In

addition to genetic polymorphisms, salt sensitivity is increased in aging, in

black people, and in persons with metabolic syndrome or obesity. However,

although mechanisms of salt-dependent hypertensive effects are increas-

ingly known, more research on measurement, storage and kinetics of

sodium, on physiological properties, and genetic determinants of salt sensi-

tivity are necessary to harden the basis for salt reduction recommendations.
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Currently estimated dietary intake of salt is about 9–12 g per day in

most countries of the world. These amounts are significantly above the

WHO recommended level of less than 5 g salt per day. According to

recent research results a moderate reduction of daily salt intake from

current intakes to 5–6 g can reduce morbidity rates. Potential risks of

salt reduction, like suboptimal iodine supply, are limited and manageable.

Concomitant to salt reduction, potassium intake by higher intake of fruits

and vegetables should be optimised, since several studies have provided

evidence that potassium rich diets or interventions with potassium can

lower blood pressure, especially in hypertensives.

In addition to dietary assessment the gold standard for measuring salt

intake is the analysis of sodium excretion in the 24 h urine. Spot urine

samples are appropriate alternatives for monitoring sodium intake. A

weakness of dietary evaluations is that the salt content of many foods is

not precisely known and information in nutrient databases are limited. A

certain limitation of the urine assessment is that dietary sources

contributing to salt intake cannot be identified.

Salt reduction strategies include nutritional education, improving envi-

ronmental conditions (by product reformulation and optimization of com-

munal catering) up to mandatory nutrition labeling and regulated nutrition/

health claims, as well as legislated changes in the form of taxation.

Regarding dietary interventions for the reduction of blood pressure the

Dietary Approaches to Stop Hypertension (DASH) diet can be

recommended. In addition, body weight should be normalized in over-

weight and obese people (BMI less than 25 kg/m2), salt intake should not

exceed 5 g/day according to WHO recommendations (<2 g sodium/day),

no more than 1.5 g sodium/d in blacks, middle- and older-aged persons,

and individuals with hypertension, diabetes, or chronic kidney disease,

intake of potassium (~4.7 g/day) should be increased and alcohol con-

sumption limited. In addition, regular physical activity (endurance,

dynamic resistance, and isometric resistance training) is very important.

Keywords

Physiology of sodium chloride • Renin-angiotensin-aldosterone system •

Hypertension • Cardiovascular diseases • Salt sensitivity • Mechanisms of

salt induced hypertension • Salt intake • Assessment of salt intake • Salt

intake recommendations • Salt reduction strategies

Debates on whether current salt intake is too high

for health reasons are ongoing for years. To take

on the worldwide non-communicable disease

challenge the recommendation for dietary salt

reduction is one of the top priority actions of

the WHO and member nations are stimulated to

take action too (WHO and FAO Expert Consul-

tation 2003; WHO 2012, 2014). Convincing sci-

entific and medical evidence which associates

excessive sodium intake to high blood pressure
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and secondary consequences such as cardiovas-

cular disease (CVD), stroke, and cardiac-related

mortality supports these efforts (Aburto et al.

2013a). Nevertheless, concerns have been raised

that a low sodium intake may adversely affect

health by influencing blood lipids and insulin

resistance (Nakandakare et al. 2008). This is in

conflict with numerous recommendations and

strategies of scientific institutions and profes-

sional health associations which have faced

sodium reduction in the population to reduce

these hazards.

This critical review summarizes the nutritional

physiology of sodium chloride and the effect of

salt intake on hypertension and other diseases.

Putative mechanisms, determinants of salt sensi-

tivity and the role of potassium in hypertension

will be discussed separately. Furthermore poten-

tial dangers of a low salt diet and strategies for a

reduction of salt intake will also be addressed in

separate chapters.

1 Physiology of Sodium Chloride

Sodium chloride (NaCl, or common salt) is an

ionic compound required to perform a variety of

essential functions. Sodium is the major cation

and chloride the major anion in the extracellular

fluid. The concentration of Na+ in the extracellu-

lar fluid is regulated at about 135–145 mmol/L;

the distribution of Cl� follows this of Na+ with an

extracellular concentration of about 110 mmol/L.

Therefore, Na+ and Cl� are mainly responsible

for the osmolarity of the extracellular fluid and

constitute the most important electrolytes in the

regulation of body fluids (Elmadfa and

Leitzmann 2015; Gibney et al. 2009).

The intestinal tract absorbs nearly all dietary

sodium, and the kidneys retain more than 90 % of

the filtered Na+. As a consequence of excessive

excretion of sodium by extreme vomiting, diar-

rhea, or sweating blood sodium concentrations

can drop and cause hyponatremia (serum sodium

concentrations less than 135 mmol/l). Without

treatment hyponatremia can lead to osmosis with

the central nervous being especially vulnerable.

Headache, confusion, or in the worst coma could

be the consequence. Many diseases such as those

of the kidneys, cancer, and heart disease can be

associated with low blood sodium levels. On the

contrary, especially dehydration and also more

seldom rapid intake of large quantities of sodium

can result in hypernatremia leading to neurological

symptoms (Stipanuk and Caudill 2006).

Besides its importance with respect to the

regulation of the water and fluid balance, sodium

is vital for the excitation of muscle and nerve

cells and is also partly involved in the control of

the acid-base balance. Moreover, sodium helps to

release digestive secretions and controls the

absorption of some nutrients, such as amino

acids, glucose, galactose, and water.

The renin-angiotensin-aldosterone system

(RAAS), plays a key role in the regulation of

sodium balance and blood pressure. Under nor-

mal physiological conditions a low salt diet

stimulates RAAS by an increased release of

renin from the juxtaglomerular cells of the

kidneys which leads to an increase of angiotensin

I stimulating angiotensin converting enzyme

(ACE) in the lungs and release of angiotensin

II. Angiotensin II is a potent vasoconstrictor

and it stimulates aldosterone secretion from the

adrenal cortex resulting in especially late tubular

Na+ and water reabsorption with increases in

blood volume and blood pressure. In response

to a high salt diet the RAAS is suppressed to

some extent (Majid et al. 2015; Rassler 2010).

2 Dietary Requirements
of Sodium Chloride

In terms of “how much” it should be noted that

the human body contains about 0.15 % by weight

sodium and chloride, respectively. This means

that total body sodium as well as chloride have

been considered at 60 mmol (1.38 g)/kg body

weight or about 100 g for a 70 kg human.

For balance in the body the amount consumed

must be equal to the amount lost. By estimation

of obligatory losses in urine and faeces (1 mmol/

day), and sweat (2–4 mmol/day) a minimum

requirement of 1 mmol (23 mg) per 100 kcal or

24 mmol (550 mg) sodium per day was
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calculated for healthy adults. When sweating

heavily sodium loss is more than 0.5 g and

required intake increases. Accordingly, under

normal living conditions and physical activity

an intake of 5 g salt per day is considered to be

sufficient. Highest sodium retention of 1.2 mmol/

day was shown in newborn due to their rapid

growth during the first 4 month of life. During

pregnancy and lactation there is an additional

need of sodium of 3 and 6 mmol/day, respec-

tively. People with large losses, like patients with

cystic fibrosis, require substitution (Deutsche

Gesellschaft für Ernährung (DGE),

Österreichische Gesellschaft für Ernährung,

Schweizerische Gesellschaft für Ernährung

(SGE) (Hrsg.) 2015).

The human body tolerates a large range of

sodium intake being considerably different

between cultures (0.2 g/day in Yanomami

Indians (Brazil) up to 10.3 g/day in northern

parts of Japan). Maximum adaptation of sodium

urine excretion permits an intake of 0.18 g

(about 8 mmol) per day with a minimum loss of

sweat. However it is uncertain that a diet with

such low sodium content can meet the need of

other nutrients (Institute of Medicine 2005).

3 Assessment of Salt Intake

The most common methods used to measure

sodium intake are 24-h dietary recall, food fre-

quency questionnaire (FFQ), or food record with

their advantages and limitations. Although die-

tary sodium intake is very complex, useful

informations can be obtained by these methods

when measurement errors like underreporting or

underestimation of amounts during a 24 h dietary

recall or limited food selection of a FFQ are

considered.

However, in a previous study Kersting

et al. for example showed that urinary sodium

excretion was 1.4–1.7 times higher than the

sodium intake estimated by dietary records

(3-day food diary). This implies that sodium

intake assessed by dietary reports may be

underreported by an average of 29–41 %

(Kersting et al. 2006).

A major challenge of dietary assessment is

that sodium intake is highly correlated with

total energy intake whereby underreporting of

food intake leads to underestimation of sodium

intake. In addition, sodium content in recipes is

highly variable as well as salt used in home

cooking and at the table. A FFQ is a less reliable

estimate of intake but provides good information

of sources of sodium intake which is essential for

public health interventions. Nevertheless, dietary

assessment also enables recognition of

relationships between sodium intake and supply

with other nutrients or dietary pattern associated

with specific diseases (McLean 2014).

In addition to dietary assessment, urine

sodium excretion is measured as an indicator of

salt intake. As more than 90 % of consumed

sodium is absorbed and excreted in the urine

(Holbrook et al. 1984), 24-h urine sodium excre-

tion has been considered as the gold standard to

assess dietary sodium intake. In hot climates and

among highly physically active people the losses

through sweat and faeces can be higher than

10 % which have been estimated under normal

conditions. A correlation of 0.75 between sodium

intake measured by a nutrition survey and 24-h

urine sodium excretion over a 9-day collection

were calculated by Luft and colleagues (Luft

et al. 1982). To minimize errors caused by

under-/overcollection of urine samples 24-h

urine creatinine excretion can be assessed.

Under physiological conditions, 24-h urine cre-

atinine excretion is influenced only to a minor

extent by kidney function itself, but correlates

mainly with muscle mass and dietary meat inges-

tion. To assess completeness of urine collection

para-aminobenzoic acid tables can be used.

However there are limitations like decreased

excretion with increasing age or interaction

with other medications (McLean 2014).

Alternatively spot urine samples can be col-

lected and evaluated. This requires correction for

urine tonicity, which is accomplished by referring

to urine creatinine (Kawasaki et al. 1993; Tanaka
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et al. 2002; Toft et al. 2014). Because creatinine

excretion depends on proportion of muscle mass,

which is lower in women, older people, and

individuals with lower body weight formula to

correct creatinine excretion were developed. By

adjusting for estimated creatinine excretion the

correlation of spot urine sodium-to-creatinine

ratio with 24-h urine sodium can be improved

(Rhee et al. 2014). Actually several formulae

have been developed but no single formula has

been accepted for international use. This is chal-

lenging because validity of estimates is different

between women and men as well as in different

ethnic groups (McLean 2014).

Spot urine samples have greater intra-

individual variability of sodium concentrations

than 24 h samples and therefore are a poor pre-

dictor of individual sodium intake but an appro-

priate tool for monitoring. Huang et al. (2016)

confirm in their systematic review and meta-

analysis that estimates of mean population salt

intake determined from spot urine samples were

comparable to estimates based upon 24-h urine

collection with a sensitivity of 97 % and speci-

ficity of 100 % for the 5 g/day WHO threshold

(Huang et al. 2016). These results support that

estimates of NaCl intake evaluated by spot urine

samples can be used to make decisions on salt

reduction programmes and evaluation of

strategies. Nonetheless, the authors recognised

an overestimation of intake by the equations at

lower levels of intake and an underestimation at

higher salt intake levels. Therefore, the collec-

tion of 24-h urine in a subsample is

recommended.

Measuring sodium excretion in urine

underestimates dietary salt intake due to

unrecognised loss in sweat which is approxi-

mately 400 mg/day (equivalent to ~ 1 g NaCl)

(Maughan and Leiper 1995). This amount of

sodium is almost equal to the intake of sodium

from natural food sources (400–500 mg/day) and

therefore compensates losses by sweat whereby

urine sodium excretion reflects actual salt intake

quite well (Mattes 1990).

While a limitation of the urine assessment is

that dietary sources contributing to salt intake

cannot be identified, a weakness of the dietary

evaluations is that the salt content of many foods

is not precisely known and information in nutri-

ent databases are limited.

4 Recommendations for Salt
Intake

Dietary sodium is consumed mainly as salt: NaCl

¼ Na (g) � 2.54

1 mmol sodium corresponds to 23.0 mg,

1 mmol chloride to 35.5 mg;

1 g NaCl consists of ~ 17 mmol sodium

and chloride each.

The Word Health Organization (WHO)

recommends a maximum salt intake of 5 g/day,

equivalent of one teaspoon (WHO 2012). Due to

the suggested potential to prevent and control

non-communicable diseases the WHO has

recommended reduction of salt intake in the

extent of 30 % by 2025 (WHO 2013a). For chil-

dren younger than 9 month no salt should be

added to food. For children aged 18 months to

3 years, salt intake should be no more than 2 g

per day (WHO 2012; WHO 2016). Based on the

WHO recommendation the European Society of

Hypertension/European Society of Cardiology

(ESH/ESC) guidelines also propose to reduce

dietary salt intake to 5 g/day for the management

of hypertension (Mancia et al. 2013).

The Dietary Reference Intake (DRI) recom-

mendation for sodium intake is less than 2.3 g/

day (~6 g NaCl/day; UL ¼ maximum level of

daily nutrient intake) for healthy adults. The

Adequate Intake (AI) is defined as an amount to

obtain a nutritionally adequate diet and to meet

the needs for sweat losses which result from

recommended levels of physical activity (Insti-

tute of Medicine 2013). As most people consume

far too much sodium this recommendation is set

at an upper limit. Special population groups

including hypertension patients should limit

sodium consumption to 1.5 g/day. Thus, the

American Heart Association advice to eat no

more than 1.5 g of sodium per day for optimal

heart health (American Heart Association 2016).
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The estimate value for minimum intake

according to DACH reference values is about

550 mg/day for adolescents and adults (Deutsche

Gesellschaft für Ernährung (DGE) et al. 2015)

(Table 1).

Similar to the recommendations in USA, the

Scientific Committee on Food established as

acceptable range of sodium intakes for adults

25–150 mmol/day (0.6–3.5 g/day) (SCF 1993).

The Reference Nutrient Intake in UK is

70 mmol/day (1.6 g/day) (Dietary reference

values for food energy and nutrients for the

United Kingdom 1991). The current sodium

intake across Europe is much higher than the

amounts required for normal function. For the

reason that increased sodium intake is associated

with high blood pressure, which in turn could

result in cardiovascular and renal diseases, salt

reduction is highly recommended.

5 Salt Intake and Hypertension

According to the WHO hypertension is the num-

ber one risk factor for mortality worldwide

(WHO 2009). Furthermore hypertension is the

primary contributor to DALYS (Disability-

Adjusted Life Years) in the world (Lim

et al. 2012) and a major risk factor for cardiovas-

cular diseases, heart failure, kidney disease

including nephrosclerosis, and retinopathy. Sev-

eral factors are associated with a high blood

pressure, such as especially genetic

predispositions, but also age, overweight and

obesity, low physical activity, and chronic stress

(Dorner et al. 2013). In addition, there is con-

vincing evidence that the diet, in front salt

(sodium chloride) intake, has significant effects

on the blood pressure (Dorner et al. 2013; Appel

et al. 2006). The fact that sodium plays a promi-

nent role in managing blood pressure has been

well established for long now (Ekmekcioglu

et al. 2013). Many trials have been published,

showing that a reduction of sodium intake is

associated with a reduction in systolic and dia-

stolic blood pressure, especially in hypertensive

but also in normotensive persons (He and

MacGregor 2002).

Already in 1904 Ambard und Beaujard

published a study showing the blood pressure

rising effects of salt (Ambard and Beaujard

1904). More than 40 years later Dr. Walter

Kempner impressively presented that an extreme

salt deficient rice diet could lower the blood

pressure of patients with severe hypertension

for an average of 47 mmHg systolic and

21 mmHg diastolic (Kempner 1948). These

remarkable effects are comparable with an inten-

sive, modern antihypertensive drug therapy.

However only approx. 60 % of Dr. Kempners

Table 1 Sodium intake recommendations

Life stage

AI (g/day) (DRI

2004)

UL (g/day) (DRI

2004)

Estimate value for min. intake (g/day) (DGE et al.

2015)

Infants: Infants:

0–6 month 0.12 Not determinable 0– < 4 month: 0.1

7–12 month 0.37 4– < 12 month: 0.18

Children: Children:

1–3 year 1.0 1.5 1– < 4 year: 0.3

4–8 year 1.2 1.9 4– < 7 year: 0.41

7– < 10 year: 0.46

10– < 13 year: 0.51

13– < 15 year: 0.55

Adults: Adolescents/Adults:

9–

> 70 year

1.5 2.3 0.55

Pregnancy 1.5 2.3

Lactation 1.5 2.3

Deutsche Gesellschaft für Ernährung (DGE) et al. (2015), Institute of Medicine (2005)
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hypertensive patients reacted on salt reduction

with noteable lowering of blood pressure. These

patients are known as salt sensitive. This is

described below (Dorner et al. 2013; Luft

et al. 1979).

In the last decades the effects of salt on human

blood pressure was investigated in several epide-

miological and interventional studies. In one of

the most famous and global, the Intersalt study,

which included 32 countries and 52 different

populations, it was shown that a 100 mmol

higher urinary sodium excretion was associated

with an average 6 or 3 mmHg higher systolic

blood pressure (with or without adjustment for

body mass index) (Elliott et al. 1996). Further-

more in a high British sample of more than

23 000 persons in the age of 45–79 years those

with the lowest salt intake showed an average

7.2/3.0 mmHg (systolic/diastolic) lower blood

pressure compared to the group with the highest

intake. (Khaw et al. 2004).

Several interventional studies looked at the

effect of salt reduction on blood pressure in

hypertensive and normotensive individuals.

Most of the studies lasted 2–8 weeks and the

daily salt reduction was in the range of

4.3–9.3 g/day. This resulted in a reduction of

blood pressure in the range of 3.9–5.9/

1.9–3.8 mmHg (systolic/diastolic) in

hypertensives and 1.2–2.4/0.3–1.1 mmHg (sys-

tolic/diastolic) in normotensives as a half a dozen

meta-analyses have calculated (Fig. 1) (Aburto

et al. 2013a; He and MacGregor 2002; Kotchen

et al. 2013; Midgley et al. 1996; Cutler

et al. 1997; Graudal et al. 1998; He et al. 2013).

In a recent meta-analysis, by including

103 studies, Mozaffarian and coworkers found a

strong evidence for a linear dose-response effect

with each reduction of sodium intake by 2.3 g/

day (equivalent to approx. 5.8 g salt) being

associated with a reduction of 3.82 mmHg sys-

tolic blood pressure (Mozaffarian et al. 2014).

Also the blood pressure of children is benefi-

cially affected by salt reduction. In a large study

in 650 children, a reduction in salt intake of

15–20 % through changes in food purchasing

and in preparation practices in the schools’

kitchens resulted in a significant fall in blood

pressure after 6 months (Ellison et al. 1989),

and in a meta-analysis by He and MacGregor of

controlled trials it was concluded that an average

reduction in salt intake by 42 % in children is

associated with immediate decreases in blood

pressure and, if continued, may prevent the

subsequent rise in blood pressure with age

(He and MacGregor 2006).

In addition to adverse effects on blood pres-

sure a high salt consumption also may lead to

other adverse outcomes on the cardiovascular

system, such as endothelial dysfunction, and ven-

tricular hypertrophy (Baldo et al. 2015; Du

Cailar et al. 1992; Todd et al. 2010; Oberleithner

et al. 2007). For example the acute intake of salt

impairs the flow-mediated dilation of the bra-

chial artery in healthy individuals (Dickinson

et al. 2011). Importantly, excess salt intake also

impairs endothelium-dependent dilation in salt

resistant humans (DuPont et al. 2013).

Regarding cardiovascular risk recent meta-

analyses calculated a reduced risk in cardiovas-

cular events of approximately 10–20 % for a

lower vs. higher salt intake (He and MacGregor

2011; Strazzullo et al. 2009).

5.1 Mechanisms of Salt-Dependent
Hypertension

Arterial blood pressure is dependent on the car-

diac output (heart rate � stroke volume) and

total peripheral vascular resistance. Short and

long term mechanisms are involved in the regu-

lation of blood pressure by influencing these two

variables (Porth 2009). In the short-term arterial

and cardiopulmonary baroreflexes regulate mean

arterial blood pressure by mainly modulating the

activity of the autonomic nervous system. On the

longer term especially endocrine mechanisms, in

front the RAAS and vasopressin are involved in

the regulation of blood pressure with the kidneys

playing an important role.

Studies from Guyton from the early 60s

showed that sodium loading lead to extracellular

volume expansion and volume loaded hyperten-

sion in the context of induced renal dysfunction

in dogs (Farquhar et al. 2015). This was in
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accordance with clinical studies in patients with

chronic kidney disease (Koomans et al. 1982).

Also according to Guyton, a rise in blood pres-

sure above the pressure natriuresis equilibrium

point, leads to an increase in sodium and water

excretion, in turn lowering the blood pressure

towards the previous levels (Guyton 1990;

Luzardo et al. 2015). In salt sensitive individuals,

the pressure natriuresis relationship is shifted to

the right, meaning that higher blood pressure

levels are necessary to increase renal sodium

excretion and to maintain sodium balance

(Guyton et al. 1972).

As mentioned before mean blood pressure is

primarily dependent on (stroke) volume and

peripheral vascular resistance. So salt induced

increases in extracellular volume, and related to

this stroke volume, would especially exert blood

pressure raising effects if peripheral resistance

does not decline compensatory (Schmidlin

Fig. 1 (a) Effect of a salt reduction on the blood pressure of hypertensive patients. (b) Effect of a salt reduction on the

blood pressure of normotensive persons. Average values are given for salt and blood pressure reduction
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et al. 2007). Therefore, an unchanged or

increased peripheral resistance, in association

with a salt-induced increase in cardiac output,

would result in a salt-dependent blood pressure

response, as shown in African Americans

(Schmidlin et al. 2007).

Also an impaired reaction of the RAAS

during a sodium manipulation may be linked

to a salt sensitive blood pressure response.

In this regard it is assumed that angiotensin II

type 1 receptors may be involved in sodium-

induced increases in blood pressure (Crowley

et al. 2005). These are found in systemic as

well as renal vasculature, and also in the central

nervous system, where they are important for

blood pressure and/or fluid volume regulation.

In this regard high salt intake increases several

components of the central RAAS, such as angio-

tensin II and aldosterone, in addition to the AT1

receptor, renin and ACE expression (Baldo

et al. 2015; Huang et al. 2006). For example

mice lacking renal angiotensin II type

1 receptors become salt sensitive (Mangrum

et al. 2002). Furthermore the ChineseGenSalt

studies identified angiotensin II type 1 gene

variants as predictive of salt sensitivity

(Gu et al. 2010).

In addition to the RAAS also modulation of

the autonomic nervous system may be involved

in salt sensitive hypertension. For example it is

suggested that in rodents a salt induced central

stimulation of the activity of the sympathetic

nervous system leads to a rise in blood pressure

(Farquhar et al. 2015; Brooks et al. 2005; Stocker

et al. 2010). In humans for example, salt-

sensitive individuals react with a higher increase

in heart rate to mental stress compared to salt-

resistant controls (Buchholz et al. 2003). A stim-

ulatory effect of sodium on angiotensin II may

also increase sympathetic outflow (Guild

et al. 2012). Furthermore sodium induced tempo-

rary increases in osmolality may also affect sym-

pathetic outflow (Farquhar et al. 2006). On the

other hand also an acute, drastic lowering of

sodium intake may activate the sympathetic ner-

vous system in humans (Anderson et al. 1989).

This can be explained as a stress reaction to acute

salt (and volume) depletion.

The kidneys have a prominent role in salt

dependent hypertension. Several experimental

findings in genetically hypertensive rat strains

provided evidence that renal mechanisms and

disorders in sodium balance are involved in salt

sensitive hypertension (Majid et al. 2015). Fur-

ther evidence to the critical role of the kidneys in

the development of hypertension stems from

monogenic forms of human hypertension with

abnormalities in tubular sodium transport leading

to increased sodium reabsorption (Lifton

et al. 2001; Shimkets et al. 1994).

Furthermore relating to animal studies it is

suggested that serum- and glucocorticoid-

inducible kinase (SGK), a downstream mediator

of mineralocorticoid receptors (MRs) that

activates the epithelial sodium channel in renal

tubules, may be involved in the adaptation to salt

and the pathogenesis of hypertension (Luzardo

et al. 2015; Farjah et al. 2003). In Dahl salt-

sensitive hypertensive rats for example, sodium

intake upregulates the expression of SGK1,

suggesting that MRs are activated in an

aldosterone-independent manner (Farjah

et al. 2003). Furthermore, an impairment of

renal sodium excretion could be also due to

renal inflammation, as suggested in experimental

models (Rodriguez-Iturbe et al. 2012).

5.2 Salt Sensitivity

The blood pressure response to changes in

sodium intake varies considerably among

individuals. Whereas some persons can eat high

amounts of salt without any or marginal effects

on their blood pressure, others would react with a

significant rise in blood pressure as a conse-

quence of a sodium-rich diet indicating that the

response to changes in blood pressure by dietary

sodium is variable dividing the people in salt-

sensitive and insensitive groups (Kawasaki

et al. 1978; Luft et al. 1991). Weinberger

et al. defined salt sensitivity if at least a 10 %

increase in mean arterial pressure is found after a

high salt vs. low salt challenge. Persons having

smaller increases were defined as salt-resistant

(Weinberger 1996). However, in general there
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is no clear consensus on the definition of salt

sensitivity in clinical practice (Luzardo et al.

2015; Rodriguez-Iturbe and Vaziri 2007).

In the literature approx. 50 % of hypertensives

are estimated to be salt sensitive (Felder

et al. 2013). In particular genetic polymorphisms

have been linked to salt sensitivity, hypertension

and cardiovascular disease (Trudu et al. 2013).

Possible candidate genes include especially those

that increase or decrease the expression of proteins

which are involved in renal sodium transport

(Armando et al. 2015). In addition to hypertensives

and genetic polymorphisms salt sensitivity is espe-

cially also increased in aging (Weinberger and

Fineberg 1991), in black people (Jenni and Suter

2011), and in persons with metabolic syndrome or

obesity (Chen et al. 2009; Fujita 2014).

What is also important is that salt sensitivity

in normotensive adults predicts future hyperten-

sion (Weinberger and Fineberg 1991; Sullivan

1991). Furthermore salt sensitivity has been

associated with increased mortality in normal

and hypertensive persons (Weinberger 2002).

6 High Salt Intake and Other
Diseases

In addition to cardiovascular diseases a highdietary

salt intake was also shown to be associated with an

increased risk for gastric cancer and kidney disease.

Furthermore in the last years there is accumulating

evidence for a link between high dietary salt intake

and risk for overweight and obesity.

6.1 Stomach Cancer

A recent meta-analysis of prospective cohort

studies showed that dietary salt intake is directly

associated with risk of gastric cancer, with pro-

gressively increasing risk across consumption

levels (D’Elia et al. 2012). Furthermore 24 % of

stomach cancer cases in the UK in 2010 were

suggested to be attributed to high salt consump-

tion (Parkin 2011). Various mechanisms, includ-

ing an increased gastric H. pylori colonization,

mutations, or exposure to carcinogens such as

N-nitroso compounds from certain salty foods,

are hypothesized to be involved in a higher gastric

cancer risk by high dietary salt intake

(Ge et al. 2012). According to the International

Systematic Literature Review (2015) of the

World Cancer Research Fund there were not

enough data to conduct dose-response meta-anal-

ysis. The review did not observe a significant

association comparing the highest versus lowest

salt intake (measured by food frequency ques-

tionnaire) as well as comparing the highest versus

lowest added salt intake. Nonetheless a signifi-

cant positive association was observed for stom-

ach cancer and with salted food intake and

comparing preference for salty food versus no

preference (Norat et al. 2015).

6.2 Renal Disease

Epidemiological studies reported an association

between dietary salt intake and urinary albumin

excretion, independent of blood pressure

(du Cailar et al. 2002). In this regard it is known

that urinary albumin levels are a risk factor for the

development and progression of kidney disease

and are also strong predictors for cardiovascular

risk (Cerasola et al. 2010). In an interventional

study in three ethnic groups, a reduction in salt

intake of about 3.2 g per day over 6 weeks lead to

significant reductions in blood pressure and uri-

nary albumin excretion (He et al. 2009). Further-

more it was demonstrated that reduced salt intake

may lower the risk of estimated glomerular filtra-

tion rate decline (Lin et al. 2010).

6.3 Obesity

Dietary salt induces hyperosmolar thirst in the

hypothalamus leading to higher water intake and

renal water excretion (Cowley et al. 1983). Many

people, especially children and adolescents, pre-

fer caloric, sugar-sweetened beverages (SSBs)

instead of tap water or low energy drinks (Duffey

et al. 2012). In a cross-sectional study in young

British children and adolescents it was

demonstrated that 31 % of total fluid intake

were by SSBs (He et al. 2008) and a difference

of 1 g/day in salt intake was associated with a

difference of 100 and 27 g/day in total fluid and

70 P. Rust and C. Ekmekcioglu



SSBs consumption, respectively. Other studies

also found a positive association between urinary

sodium excretion/dietary salt intake and bever-

age consumption (Alexy et al. 2012; Grimes

et al. 2013).

In a recent paper by Ma et al. in a collective

of 458 British children and 785 adults it was

demonstrated that salt intake was higher in over-

weight and obese individuals (Ma et al. 2015).

A 1-g/day increase in salt intake was associated

with an increase in the risk of obesity by 28 %

(CI 95 %:1.12–1.45) in children and 26 %

(CI 95 %: 1.16–1.37) in adults after adjusting

for various factors. The results were independent

from energy intake suggesting that other

mechanisms such as higher consumption of

sugar-sweetened soft drinks might have played a

role. An experimental study for example showed

that high dietary sodium intake in rats leads to

higher plasma leptin concentrations and exces-

sive accumulation of white adipose fat compared

with the rats with lower salt intake (Fonseca-

Alaniz et al. 2007).

Also human studies in healthy adolescents sug-

gest a positive association between dietary salt

intake and subcutaneous abdominal adipose tis-

sue, independent of energy intake (Zhu

et al. 2014). Future studies will gain more insight

into the mechanisms between dietary salt intake

and obesity.

In summary, the negative effects of a high

sodium/salt intake are not only restricted to the

cardiovascular and renal systems, but may also

adversely affect our metabolism and energy intake.

However, it should also be mentioned that regard-

ing nutrition not only a low dietary intake of salt,

but also a higher consumption of potassium-rich

fruit and vegetables, as important components of a

healthy diet, has preventive effects on chronic

diseases including hypertension (Boeing

et al. 2012). For example, several publications in

the last years provided a high degree of evidence

that a Dietary Approaches to Stop Hypertension

(DASH)-style diet, which is based on fruits and

vegetables with low-fat dairy products and low in

saturated and total fat, exerts blood pressure lower-

ing and cardioprotective effects (Dorner et al. 2013;

Appel et al. 1997; Salehi-Abargouei et al. 2013).

7 Potassium and Hypertension

The association between potassium and blood

pressure was already put forward for the first

time in 1928 by W.L. Addison (Bulpitt 1981).

Ever since then, many trials suggested or showed

the blood pressure lowering effects of potassium.

These were summarized and analysed in a hand-

ful of meta-analyses (Cappuccio and MacGregor

1991; Whelton et al. 1997; Dickinson et al. 2006;

Aburto et al. 2013b; Geleijnse et al. 2003). All of

these provided evidence that potassium rich diets

or interventions with potassium can lower blood

pressure, especially in hypertensives. In the most

recent meta-analysis by Aburto et al. (Aburto

et al. 2013b) it was for example shown that a

higher potassium intake in the range of

90–120 mmol/day reduced blood pressure and

was associated with a lower risk of stroke inci-

dence. However, dietary amounts above

120 mmol/day seem to be not associated with

additional beneficial effects. In addition, in com-

bination with a recommended sodium intake of

less than 2 g/day (about 5 g/day salt), sodium/

potassium ratios with positive health effects can

be obtained according to the authors. Further-

more, it was concluded that potassium may be

more effective in reducing blood pressure at

higher levels of sodium intake, consistent with

previous findings (Whelton et al. 1997). The

largest benefit was analysed when sodium intake

was more than 4 g/day. However, potassium is

also beneficial at lower intake values of sodium

(Aburto et al. 2013b). In this regard, a recent

meta-analysis found that potassium has relevant

blood pressure reducing effects in hypertensive

patients with salt-rich diets (van Bommel and

Cleophas 2012). The effects were in the magni-

tude of �9.5 mmHg (95 % CI: �10.8 to �8.1)

for systolic and �6.4 mmHg for diastolic blood

pressure values (95 % CI: �7.3 to �5.6).

Patients with reduced salt intake showed little

effects from potassium treatment. Concomitantly

to these results in the recent PURE study, a

prospective cohort study of 102 216 participants

from 18 countries with average cardiovascular

risk, it was shown that a high salt intake was
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more strongly associated with increased blood

pressure in individuals with lower potassium

excretion (Mente et al. 2014).

Finally, the advantages of dietary potassium

on blood pressure may be strongest in salt-

sensitive individuals (Dietary Guidelines Advi-

sory Committee 2010). Therefore it is reasonable

and important to not only recommend salt reduc-

tion but also to increase potassium intake (Aaron

and Sanders 2013).

Potassium might exert blood pressure lower-

ing effects through many pathways (reviewed in

(Ekmekcioglu et al. 2016)). These include

(1) stimulation of natriuresis, (2) improvement

of endothelial function and NO release, (3) stim-

ulation of the sodium/potassium pump and

plasma membrane potassium channels leading

to endothelial hyperpolarization and decrease in

cytosolic smooth muscle calcium, and

(4) decrease in the activity of the sympathetic

nervous system with vascular smooth muscle

relaxation.

Some authors also suggest an antioxidant

effect of dietary potassium (Ishimitsu

et al. 1996). Carotid artery rings from rabbits

fed a low potassium diet for example showed

an approximately 100 % higher formation of

superoxide anions, enhanced norepinephrine

contraction, and suppressed acetylcholine relax-

ation (Yang et al. 1998). In addition, dietary

potassium supplementation suppressed ROS

overproduction in injured arteries of salt-loaded

Dahl S rats (Kido et al. 2008).

8 Potential Dangers
of a Low-Salt Diet

Aconsiderable restriction of sodium in the dietmay

bear some potential dangers (Burnier et al. 2015).

One of these is iodine insufficiency, which is com-

mon in Alpine countries such as Austria (Burnier

et al. 2015). The iodization of salt is an important

and cost efficient strategy to combat iodine defi-

ciency and related to this hypothyroidism in the

general population. Reducing salt intake in the pop-

ulation may worsen the iodine status of especially

people with suboptimal or marginal iodine intake.

Different scenarios could estimate the dietary

supply of iodine in case of salt reduction. For the

Netherlands for example it was estimated that up to

10 % of the population would have an insufficient

iodine supply when the dietary salt intake would

be reduced by 50 % (Vandevijvere 2012; Verkaik-

Kloosterman et al. 2010). A strategy to overcome

this problem could be to increase the iodine

content of salt.

Furthermore a low salt diet could increase the

risk of volume depletion and hypotension in

patients with acute dehydration or diarrhoea.

Also, in elderly people, reducing salt in the diet

could lead to altered food taste, which in turn my

increase the risk of low energy intake and mal-

nutrition (Zeanandin et al. 2012).

Although the benefits of salt reduction on

blood pressure and human health is overwhelm-

ing there are also few studies showing an

inverse or J-shaped association meaning that

not only a high but also a low dietary salt intake

might be associated with adverse health

outcomes, especially on the cardiovascular sys-

tem (Van Horn 2015).

For example the results of the ONTARGET

and TRANSCEND trials in 28,880 people at high

cardiovascular risk showed a J-shaped associa-

tion with an increased risk for cardiovascular

mortality in those consuming <3 g or >7 g

sodium (approximately < 7.5 salt or 17.5 g

salt) per day (O’Donnell et al. 2011). A similar

association was shown in the PURE study with

low (<3 g/day) or high (�7 g/day) sodium

intakes being associated with higher risk of

death or major vascular events (O’Donnell

et al. 2014). A J-shaped relationship for

all-cause or cardiovascular mortality was also

shown in patients with type 1 and 2 diabetes

mellitus, respectively (Thomas et al. 2011;

Saulnier et al. 2014). An inverse association

was reported in the Flemish Study on Genes,

Environment and Health Outcomes and the

European Project on Genes in Hypertension

with an increased risk for cardiovascular disease

(CVD) mortality in the lowest tertile of sodium

intake (Stolarz-Skrzypek et al. 2011).

Since there are few indications that a low salt

diet seems to be also, at least in part, associated
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with an increased incidence of cardiovascular

events and mortality, the important 2 questions

are: what are the reasons for these negative

outcomes and what are the suggested

mechanisms? Is this due to the low sodium/salt

intake per se or to one or more additional factors

that might affect patients’ survival? Another

question might be whether the low salt intake in

the patients is a consequence or a cause of their

disease. This limiting issue is defined as reverse

causality meaning that compromised patients

may consume less sodium, because of medical

advice or an illness-related reduction in food

consumption (Cobb et al. 2014). It may also be

relevant that some of the studies showing

J-shaped or inverse associations included sick

persons or were based on secondary analyses of

studies not primarily intended to test these

relationships.

One further major drawback in these studies

are suboptimal methods in the assessment of

sodium intake including food frequency

questionnaires, or spot or overnight urine collec-

tion (Cobb et al. 2014).

9 Strategies for Reduction of Salt
Intake

For millions of years, dietary salt intake was very

low (0.1–1 g/day). Main source of NaCl was meat

containing about 1.2 g/kg (Ha 2014; MacGregor

and deWardener 1998). Until the invention of the

refrigerator great amounts of salt were used for

cooking and preserving foods whereby around

the nineteenth century salt intake reached a peak

comparable to amounts of about 9–12 g/day, sig-

nificantly above recommended levels (Brown

et al. 2009). A comparison of world salt consump-

tion observed highest consumption in Asian peo-

ple, followed by Europeans, people in Middle

East and North Africa, USA/Canada,

Australia/New Zealand, Latin America and the

Caribbean, Oceania, and Sub Saharan Africa

(Powles et al. 2013).

Within the “WHO Global Strategy on Diet,

Physical Activity and Health” an action plan to

control and prevent non-communicable diseases

has been established. A primary goal is the

reduction of salt (WHO 2013a). Since now

most Europeans consume salt above the

recommended level of less than 5 g/day (<2 g

sodium/day).

Studies found that in industrial countries only

5–10 % of sodium intake comes from food natu-

rally rich in sodium bicarbonate, sodium gluta-

mate, and sodium citrate like smoked meat,

processed foods, and canned vegetables.

75–80 % of daily sodium consumption comes

from processed food like bread, cereals and bak-

ery products, meat and meat products, cheese and

dairy products, fish products, ready-to-eat meals,

and salty snacks, 10–15 % from table salt added

during cooking or at the table (European Com-

mission 2012), while in developing countries salt

used for seasoning is much more important. For

example in China and Japan soy sauce

contributes significantly to salt intake. World-

wide, the sodium content of processed foods

plays a more important role compared to that of

natural foods.

Many studies detected a wide range of sodium

content within various food categories. Also salt

content of products of global brands varied in

different countries. This may be due to tradi-

tional diet habits and taste preferences of differ-

ent population groups. Certain individuals such

as men, adolescents, and people with lower

socioeconomic status consume greater amounts

of salt, supposing that these population groups

consume more meat, high-sodium processed and

packaged foods than other consumer groups.

Opportunities for supporting the reduction of

salt intake to moderate levels are manifold and

varied. They reach from nutritional education,

improving environmental conditions (make the

healthier choices the easier choices) up to man-

datory nutrition labeling and regulated nutrition/

health claims, as well as legislated changes in the

form of taxation. Current knowledge makes the

importance of combining reformulation

approaches, improvement of the quality of com-

munal catering, and education to raise awareness

evident.

Ekmekcioglu et al. established a simple model

of how salt intake can be reduced in the

Impact of Salt Intake on the Pathogenesis and Treatment of Hypertension 73



population. This model emphasises the need for a

holistic approach in the improvement of optimal

salt intake (Fig. 2) (Ekmekcioglu et al. 2013).

9.1 Association Between Knowledge
on Salt and Salt-Related Dietary
Practices

Gathering and exploiting knowledge about the

awareness of the people on the relationship

between salt consumption and health or disease

risk, about levels of uptake, and drivers of salt

intake, provide the basis for improving the cur-

rent situation.

Therefore, Newson et al. evaluated self-rated

and calculated salt intake, sources of salt con-

sumption, concern in salt reduction, knowledge

about salt intake recommendations, and impor-

tance of salt reduction in health issues in eight

countries (Germany, Austria, United States of

America, Hungary, India, China, Brazil, and

South Africa) by a comprehensive web-based

questionnaire. Mean salt intake calculated from

data of the FFQ was 9.5 g per day, ranging from

7 to 13 g/day. On average 83 % of salt intake was

derived from In-Home-Foods and 17 % came

from Out-of the House-Consumption. While

people perceive that salt added during cooking

is the main source of intake, calculated data

recognised processed food as a primary source.

There was also a misperception of personal

intake. One third of participants were not inter-

ested in salt reduction and only 13 % of all

participants could correctly identify the salt

intake recommendations (Newson et al. 2013).

Although, numerous studies showed that

consumers were able to identify the health risks

associated with high salt intake, their knowledge

of recommendations, and of foods that contribute

most salt to their diet is poor. Therefore, findings

support the importance of information, of

increasing awareness, and motivation, as well

as reformulation of food stuff (Newson

et al. 2013).

Most important for behavioural changes

according to the health belief model (Janz and

Becker 1984) is motivation which can be

achieved by increasing awareness, information,

and therefore self-efficacy (Ekmekcioglu

et al. 2013).

Individuals affected by diseases like hyperten-

sion become aware of the importance of

behavioural changes and are more motivated to

change dietary habits compared to healthy peo-

ple. Nakano and colleagues for example showed

that regular 20-min educational sessions with

nutritionists can be effective in lowering urinary

sodium excretion, ambulatory BP monitoring

(ABPM), and clinic BP in hypertensive patients

(Nakano et al. 2016). This study is probably the

first that demonstrates the effectiveness of patient

education for hypertension management.

Participants who didn’t reach the goal of 6 g/

day tended to have higher BMI and therefore

had a higher salt intake because of their higher

food consumption. The effect of potassium can

be excluded because urinary excretions were the

same in the intervention and control groups. Due

to the short duration of the study (12 weeks)

patients didn’t lose weight, which might have

an impact on blood pressure. Limitations might

be the small sample size of 51 participants in the

education group and 44 in the control group, the

Hawthorne effect and different medications

(Nakano et al. 2016).

9.2 Reduction of Salt Intake by
Reformulation

Part of the strategies to reduce salt consumption

is cooperating with food companies to reduce the

amount of salt in processed foods and improving

consumers’ awareness of the impact of salt on

human health.

This can be achieved through limiting salt by

food reformulation. Since the WHO launched the

“Global Strategy on Diet, Physical Activity and

Health” to limit the levels of salt in foods, many

companies have reformulated their products and

reduced salt content by 10–40 % in many food

categories including bread, breakfast cereals,

processed meat, cheese, soups and sauces,

ready-to-eat meals as well as snacks.
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Sodium is responsible for the taste of a food

by enhancing other aromatic ingredients and

suppressing bitterness (D€otsch et al. 2009).

Therefore, salt content in food stuff increases

acceptance. But the human salt taste receptors

can adapt to low salt concentrations (Blais

et al. 1986) which makes a small, stepwise

reduction of sodium content without reduced

product acceptance possible, which in turn

means that a cooperation of all manufacturers is

required.

Beside the stepwise approach, salt reduction

strategies include an increased use of spices

and taste enhancers (Wilson and Incles 2012).

More information
Expert consultations
Marketing strategies

Government regulation

Reduction of
salt in food

Further reduction of salt
in food

Continue to work on
consumer motivation

Further reduction of salt intake

Adaptation to
lower salt levels

Awareness
own salt intake

Intention to
change

Consumers reassurance
on taste

Reduction of
salt intake

Awareness
low-salt
products

Food Industry

Reduced

Optimal
Intake
Level

intake level

Production
change

Behavioral
change

Habituation

Consumers

More information

Better information (e.g.
nutrient labeling)

Changing the environment
Education/Coaching

Fig. 2 A simple model of how dietary salt intake can be

reduced in population (The figure is taken from

Ekmekcioglu et al. (Ekmekcioglu et al. 2013). With

kind permission from S. Karger AG, Medical and Scien-

tific Publishers, 4009 Basel, Switzerland)
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To ensure food safety and preservation in some

cases addition of antimicrobial agents is neces-

sary. Replacement of NaCl by KCl by 30–40 %

has been made in meat and dairy products with-

out any adverse effects on microorganism growth

(Harper and Getty 2012). Even though, potas-

sium chloride has similar antimicrobial effects

and technological function, its application is lim-

ited because of its metallic and bitter off-taste

(Buttriss 2013).

Salt reduction in bread and bakery products

can be achieved by a stepwise sodium reduction

of 5 % per week until 25 %, substitution of

sodium chloride by potassium chloride (up to

10 %), and use of organic acids such as acetic

and lactic acid. Replacement of NaCl up to 50 %

by other salts/salt mixtures (potassium or magne-

sium chloride, potassium lactate, sodium

diacetate), use of phosphates to promote water

binding capacity of the proteins, and use of flake

salt in dry-cured meat products are strategies

used in reformulation of meat and meat products.

Salt reduction in cheese is more difficult to man-

age than in bread and most meat products

because salt controls the ripening process.

Despite 30–40 % sodium reduction, taste and

acceptance of ready-to-eat meals can be

improved by the use of salt substitutes like potas-

sium chloride and natural flavour enhancers

(e.g. yeast extract or natural aroma sources such

as garlic and herbs like oregano, rosemary). The

composition of snacks can be optimised by the

use of smaller salt particles which induce an

increased initial perception of saltiness, as well

as the use of spices (Kloss et al. 2015).

As protected designation of origin (PDO)

products such as Parmesan, Prosciutto di Parma,

Feta, and Camembert de Normandie must be pro-

duced according to traditional methods reducing

salt content by reformulation is limited within

these food stuffs (Wilson and Incles 2012).

In the meantime, impressive success stories

can be reported on collaborations with food

companies to reduce salt content followed by a

decrease in blood pressure and in mortality rate

related to heart disease and stroke (Ekmekcioglu

et al. 2013). Thus, reformulation has along with

other approaches such as healthier food choice

editing, portion size control, as well as clear and

comprehensible information provision, potential

to increase the opportunities of healthier choices

to improve public health. However, reformula-

tion alone doesn’t have the impact to provide a

complete solution to the challenge of improving

eating patterns and nutrient supply.

9.3 Reduction of Salt Intake by Legal
Provision

Taxation of “unhealthy” high sodium food is

discussed controversy. By introducing a tax for

salty snacks (salt content of more than 1 g/100 g;

for condiments >5 g/100 g) in Hungary in 2011

(0.8 €/kg salt) sales of salty snacks decreased by

26 %. Food prices influence food consumption

on the one hand (Duffey et al. 2010), and changes

consumer behaviour on the other hand by

increased awareness of negative health effects.

Referring to salt/sodium content there are four

nutrition claims (Table 2).

“A claim stating that sodium/salt has not been

added to a food and any claim likely to have the

same meaning for the consumer may only be

made where the product does not contain any

added sodium/salt or any other ingredient

containing added sodium/salt and the product

contains no more than 0.12 g sodium, or the

equivalent value for salt, per 100 g or 100 ml.

A claim that a food is sodium-free or salt-free,

and any claim likely to have the same meaning

Table 2 Nutrition claims to salt/sodium content

Nutrition claim Sodium content

Equivalent salt

content

(per 100 g or

100 ml)

(per 100 g or

100 ml)

No added

sodium/salt

0.12 g 0.30 g

Sodium-free/

salt-free

0.005 g 0.01 g

Very low

sodium/salt

0.04 g 0.10 g

Low sodium/salt 0.12 g 0.30 g

Commission Regulation (EU) No 1047 (2012)
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for the consumer, may only be made where the

product contains no more than 0.005 g of sodium,

or the equivalent value for salt, per 100 g or per

100 ml.

A claim that a food is very low in sodium/salt,

and any claim likely to have the same meaning

for the consumer, may only be made where the

product contains no more than 0.04 g of sodium,

or the equivalent value for salt, per 100 g or per

100 ml. This claim shall not be used for natural

mineral waters and other waters.

A claim that a food is low in sodium/salt, and

any claim likely to have the same meaning for

the consumer, may only be made where the prod-

uct contains no more than 0.12 g of sodium, or

the equivalent value for salt, per 100 g or per

100 ml. For waters, other than natural mineral

waters falling within the scope of Directive

80/777/EEC, this value should not exceed 2 mg

of sodium per 100 ml.” (Commission Regulation

(EU) No 1047 (2012)).

There is one authorized health claim for foods

with low or reduced sodium: “Reducing con-

sumption of sodium contributes to the mainte-

nance of normal blood pressure” in the European

Union (EFSA 2011).

Different labeling confuses consumers

because most of them are not aware that salt

content is 2.54 times higher than sodium concen-

tration. Therefore, the European Parliament and

the Council determined in 2011 by The Regula-

tion (EU) No 1169/2011 on the provision of food

information to consumers that the term salt

instead of sodium must be used on food labels

(Regulation (EU) No 1169/2011 (2011)). In

Finland warning labels must be used for products

with high salt content, in the United Kingdom,

there is a voluntary traffic light label and as front-

of-package labeling the guideline daily amount

(GDA) system is used (WHO 2013b). Food

labeling is most effective in promoting buyers

awareness and can help consumer make the

healthier choice. Additionally this motivates

food companies to reduce salt in their products.

Webster et al. evaluated global salt reduction

initiatives and recognized that 59 countries from

83 cooperate with food industry to reduce salt.

Most of the countries established voluntary

targets while South Africa and Argentina had

mandatory targets for many food products, and

six European countries (Belgium, Bulgaria,

Greece, Hungary, the Netherlands and Portugal)

had mandatory targets for bread amongst others.

Salt reductions in bread ranged from 6 % in

Belgium to 38 % in Chile. For other products,

reductions between 5 % (cornflakes, USA) and

81 % (frozen peas, USA) have been observed

(Webster et al. 2014). Because consumer’s

knowledge on salt content in food is limited

these partnerships are very important for public

health concern.

The EATWELL research project (www.

eatwellproject.eu) (Interventions to Promote

Healthy Eating Habits: Evaluation and

Recommendations) conducted between 2009

and 2013 evaluated the effectiveness of healthy

eating interventions in EU Member States. Main

topics were policies supporting informed choice

(nutrition education, labelling), and changing the

market environment (taxes, food reformulation,

regulation of school and workplace meals). A

common recommendation is to gather more and

better evidence (Traill et al. 2013).

10 Practical Recommendations
for Moderate Salt Intake

Well known dietary patterns for treatment of ele-

vated blood pressure are the Dietary Approaches

to Stop Hypertension (DASH) diet and the

OmniHeart diet. The DASH diet is rich in fruits,

vegetables, low-fat dairy products, contains poul-

try, fish, and nuts, whereas only small amounts of

red meat, sweets, and sugar-containing beverages

are consumed. Macronutrient composition is

about 58 % carbohydrate, 15 % protein, and

27 % fat; sodium intake less than 2.3 g/day. Com-

pared to a typical American diet DASH is reduced

in saturated fat and total fat, modestly increased in

protein (Sacks et al. 2001).

Because the types of macronutrients (carbo-

hydrate, protein, or unsaturated fat) replacing

saturated fat has been discussed controversial,

slight variations of DASH have been evaluated

within the Optimal Macronutrient Intake Trial to
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Prevent Heart Disease (OmniHeart). The

OmniHeart diet is a carbohydrate-rich diet

which allows partially substituting carbohydrate

with protein or unsaturated fat, similar to a

Mediterranean-style diet. This offers more flexi-

bility and makes it easier to eat a heart-healthy

diet (Swain et al. 2008).

Generally, a DASH eating plan consists of

7–8 servings grains and grain products; 4–5

servings vegetables and fruits, each; 2–3 servings

low-fat dairy products; 2 or less servings lean

meats, poultry, and fish; 2–3 servings fats and

oils per day, and 4–5 servings of nuts, seeds, dry

beans, and peas; 5 or less servings sweets per

week (U.S. Department of Health and Human

Services 2003).

Along with the recommendations of the DASH

diet, body weight should be reduced in overweight

and obese people (BMI less than 25 kg/m2), salt

intake not exceed 5 g/day (<2.3 g sodium/day, no

more than 1.5 g⁄day in blacks, middle- and older-

aged persons, and individuals with hypertension,

diabetes, or chronic kidney disease), intake of

potassium (~4.7 g/day) should be increased and

alcohol consumption limited to max. 10 g/day for

female and 20 g/day for male (Appel, on Behalf

of the American Society of Hypertension Writing

Group 2009).

Yokoyama et al. described an association

between vegetarian diets and lower blood pres-

sure in their meta-analysis including 7 controlled

trials and 32 observational studies. It remains to

be clarified which type of vegetarian diet is most

effective (Yokoyama et al. 2014).

Additionally, regular physical activity can

lower blood pressure. There is evidence that

150 min physical activity per week may support

antihypertensive medication. The American Col-

lege of Sports Medicine recommends primarily

endurance physical activity supplemented by

resistance exercise in moderate-intensity (40–<

60 % of V ̇O2R) for at least 30 min daily

(Pescatello et al. 2004). A Systematic Review

and Meta-analysis done by Cornelissen and

Smart concluded that endurance, dynamic resis-

tance, and isometric resistance training lower

SBP and DBP, whereas combined training

lowers only DBP. Isometric resistance training

is suggested for the largest SBP reductions

(Cornelissen and Smart 2013).

The burden of hypertension raises with

increasing prevalence of obesity. Therefore,

weight reduction and control is very important

in prevention and therapy of hypertension. A

meta-analysis of 25 RCTs showed blood pressure

reduction of ~1 mm Hg for each kilogram of

body weight loss (Neter et al. 2003).

Salt reduction is difficult to achieve because

in industrialised countries ~80 % of salt intake

comes from industrial produced foods.

Average amount of salt consumed per daily

food intake is about:

• 1 g from basic unprocessed foods (vegetables,

potatoes, grain, milk, meat)

• 2–3 g from bread and bakery products

• 3–5 g from sausages, ham, cured meat

products, cheese, fish sauce

• 4–5 g from industrially processed products

like preserves/fish products and home-made

dishes

• 1–2 g from salt added at the table

Therefore avoid adding salt at the table, and

season with herbs and spices. Always read the

food label and reduce consumption of ready-to-

eat meals with high amounts of salt.

11 Conclusion

The positive relationship between salt and blood

pressure is known since more than 100 years.

Accumulating evidence especially began in the

1940s where severe arterial hypertension has

been cured by drastic lowering of salt intake by

the Kempner rice and fruit diet. In the 1950s

Lewis K. Dahl observed a blood pressure lower-

ing effect by a low-salt diet in rats with salt-

sensitive hypertension. Most of the subsequent

studies showed beneficial effects of a low salt

diet on blood pressure. However, also some neg-

ative papers were published, which failed to find

a relationship between salt and blood pressure.

While selection of study participants (more salt

sensitive people like elderly or people with
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hypertension) can increase likelihood of the pos-

itive association between salt intake and blood

pressure, dietary and other lifestyle factors like

intake of potassium (from fruit and vegetable

sources), physical activity level, as well as alco-

hol consumption have also to be considered

(Drueke 2016).

A few studies also suggested that a low salt

diet may have detrimental health outcomes, espe-

cially regarding cardiovascular diseases and

mortality. (O’Donnell et al. 2014; Graudal

et al. 2014). A recent study by Mente at al. for

example observed an association between low

sodium intake and increased risk of cardiovascu-

lar events and mortality in both hypertensive and

normotensive individuals (Mente et al. 2016).

More reliable randomised controlled trials, as

well as research on measurement, storage and

kinetics of sodium, on physiological properties,

and genetic determinants of salt sensitivity are

necessary to explain these negative outcomes of

a low salt diet. However, according to the current

overwhelming state of knowledge people with

hypertension and high sodium intake should be

advised to lower their salt intake.
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Verlag Eugen Ulmer, Stuttgart

European Commission (2012) Survey on Members

States’ – Implementation of the EU salt reduction

framework

Farjah M, Roxas BP, Geenen DL, Danziger RS (2003)

Dietary salt regulates renal SGK1 abundance: rele-

vance to salt sensitivity in the Dahl rat. Hypertension

41(4):874–878

Farquhar WB, Wenner MM, Delaney EP, Prettyman AV,

Stillabower ME (2006) Sympathetic neural responses

to increased osmolality in humans. Am J Physiol Heart

Circ Physiol 291(5):H2181–H2186

Farquhar WB, Edwards DG, Jurkovitz CT, WeintraubWS

(2015) Dietary sodium and health: more than just

blood pressure. J Am Coll Cardiol 65(10):1042–1050

Felder RA, White MJ, Williams SM, Jose PA (2013)

Diagnostic tools for hypertension and salt sensitivity

testing. Curr Opin Nephrol Hypertens 22(1):65–76

Fonseca-Alaniz MH, Brito LC, Borges-Silva CN,

Takada J, Andreotti S, Lima FB (2007) High dietary

sodium intake increases white adipose tissue mass and

plasma leptin in rats. Obesity 15(9):2200–2208

Fujita T (2014) Mechanism of salt-sensitive hypertension:

focus on adrenal and sympathetic nervous systems. J

Am Soc Nephrol 25(6):1148–1155

Ge S, Feng X, Shen L, Wei Z, Zhu Q, Sun J (2012)

Association between habitual dietary salt intake and

risk of gastric cancer: a systematic review of observa-

tional studies. Gastroenterol Res Pract 2012:808120

Geleijnse JM, Kok FJ, Grobbee DE (2003) Blood pressure

response to changes in sodium and potassium intake: a

metaregression analysis of randomised trials. J Hum

Hypertens 17(7):471–480

Gibney MJ, Vorster HH, Kok FJ (2009) Introduction to

human nutrition. Wiley-Blackwell, West Sussex

Graudal NA, Galloe AM, Garred P (1998) Effects of

sodium restriction on blood pressure, renin, aldoste-

rone, catecholamines, cholesterols, and triglyceride: a

meta-analysis. JAMA 279(17):1383–1391

Graudal N, Jurgens G, Baslund B, Alderman MH (2014)

Compared with usual sodium intake, low- and

excessive-sodium diets are associated with increased

mortality: a meta-analysis. Am J Hypertens 27

(9):1129–1137

Grimes CA, Riddell LJ, Campbell KJ, Nowson CA (2013)

Dietary salt intake, sugar-sweetened beverage con-

sumption, and obesity risk. Pediatrics 131(1):14–21

Gu D, Kelly TN, Hixson JE, Chen J, Liu D, Chen JC

et al (2010) Genetic variants in the renin-angiotensin-

aldosterone system and salt sensitivity of blood pres-

sure. J Hypertens 28(6):1210–1220

Guild SJ, McBryde FD, Malpas SC, Barrett CJ (2012)

High dietary salt and angiotensin II chronically

increase renal sympathetic nerve activity: a direct

telemetric study. Hypertension 59(3):614–620

Guyton AC (1990) The surprising kidney-fluid mecha-

nism for pressure control--its infinite gain! Hyperten-

sion 16(6):725–730

Guyton AC, Coleman TG, Cowley AV Jr, Scheel KW,

Manning RD Jr, Norman RA Jr (1972) Arterial pres-

sure regulation. Overriding dominance of the kidneys

in long-term regulation and in hypertension. Am J

Med 52(5):584–594

Ha SK (2014) Dietary salt intake and hypertension. Elec-

trolyte Blood Press 12(1):7–18

Harper NM, Getty KJ (2012) Effect of salt reduction on

growth of Listeria monocytogenes in meat and poultry

systems. J Food Sci 77(12):M669–M674

He FJ, MacGregor GA (2002) Effect of modest salt

reduction on blood pressure: a meta-analysis of

randomized trials. Implications for public health. J

Hum Hypertens 16(11):761–770

He FJ, MacGregor GA (2006) Importance of salt in deter-

mining blood pressure in children: meta-analysis of

controlled trials. Hypertension 48(5):861–869

He FJ, MacGregor GA (2011) Salt reduction lowers car-

diovascular risk: meta-analysis of outcome trials. Lan-

cet 378(9789):380–382

He FJ, Marrero NM, MacGregor GA (2008) Salt intake is

related to soft drink consumption in children and

adolescents: a link to obesity? Hypertension 51

(3):629–634

He FJ, Marciniak M, Visagie E, Markandu ND, Anand V,

Dalton RN et al (2009) Effect of modest salt reduction

on blood pressure, urinary albumin, and pulse wave

velocity in white, black, and Asian mild

hypertensives. Hypertension 54(3):482–488

He FJ, Li J, MacGregor GA (2013) Effect of longer term

modest salt reduction on blood pressure: Cochrane

systematic review and meta-analysis of randomised

trials. BMJ 346:f1325

Holbrook J, Patterson K, Bodner J, Douglas L, Veillon C,

Kelsay J et al (1984) Sodium and potassium intake and

balance in adults consuming self-selected diets. Am J

Clin Nutr 40(4):786–793

Huang BS, Amin MS, Leenen FH (2006) The central role

of the brain in salt-sensitive hypertension. Curr Opin

Cardiol 21(4):295–304

Huang L, Crino M, Wu JH, Woodward M, Barzi F, Land

MA et al (2016) Mean population salt intake estimated

from 24-h urine samples and spot urine samples: a

systematic review and meta-analysis. Int J Epidemiol

45:239–250

Institute of Medicine (2005) Panel on dietary reference

intakes for electrolytes and water. DRI, dietary refer-

ence intakes for water, potassium, sodium, chloride,

and sulfate. National Academy Press

Institute of Medicine (2013) Sodium intake in

populations: assessment of evidence. In: Strom BL,

Yaktine AL, Oria M (eds) The National Academies

Press, Washington, DC

Ishimitsu T, Tobian L, Sugimoto K, Everson T (1996)

High potassium diets reduce vascular and plasma lipid

peroxides in stroke-prone spontaneously hypertensive

rats. Clin Exp Hypertens 18(5):659–673

Janz NK, Becker MH (1984) The health belief model: a

decade later. Health Educ Behav 11(1):1–47

Impact of Salt Intake on the Pathogenesis and Treatment of Hypertension 81



Jenni B, Suter PM (2011) Help – doctor must I avoid salt?

Praxis 100(21):1271–1280

Kawasaki T, Delea CS, Bartter FC, Smith H (1978) The

effect of high-sodium and low-sodium intakes on

blood pressure and other related variables in human

subjects with idiopathic hypertension. Am J Med

64(2):193–198

Kawasaki T, Itoh K, Uezono K, Sasaki H (1993) A simple

method for estimating 24 h urinary sodium and potas-

sium excretion from second morning voiding urine

specimen in adults. Clin Exp Pharmacol Physiol

20(1):7–14

Kempner W (1948) Treatment of hypertensive vascular

disease with rice diet. Am J Med 4(4):545–577

Kersting M, Rehmer T, Hilbig A (2006) Ermittlung des

Kochsalzkonsums in Verzehrserhebungen anhand der

Kochsalzausscheidung im Urin: eine

Sonderauswertung der DONALD Studie.

Abschlussbericht Forschungsprojekt (05HS048).

Khaw KT, Bingham S, Welch A, Luben R, O’Brien E,

Wareham N et al (2004) Blood pressure and urinary

sodium in men and women: the Norfolk Cohort of the

European Prospective Investigation into Cancer

(EPIC-Norfolk). Am J Clin Nutr 80(5):1397–1403

Kido M, Ando K, Onozato ML, Tojo A, Yoshikawa M,

Ogita T et al (2008) Protective effect of dietary potas-

sium against vascular injury in salt-sensitive hyperten-

sion. Hypertension 51(2):225–231

Kloss L, Meyer JD, Graeve L, Vetter W (2015) Sodium

intake and its reduction by food reformulation in the

European Union — a review. NFS J 1:9–19

Koomans HA, Roos JC, Boer P, Geyskes GG, Mees EJ

(1982) Salt sensitivity of blood pressure in chronic

renal failure. Evidence for renal control of body fluid

distribution in man. Hypertension 4(2):190–197

Kotchen TA, Cowley AW Jr, Frohlich ED (2013) Salt in

health and disease--a delicate balance. N Engl J Med

368(26):2531–2532

Lifton RP, Gharavi AG, Geller DS (2001) Molecular

mechanisms of human hypertension. Cell

104(4):545–556

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K,

Adair-Rohani H et al (2012) A comparative risk

assessment of burden of disease and injury attributable

to 67 risk factors and risk factor clusters in 21 regions,

1990–2010: a systematic analysis for the Global

Burden of Disease Study 2010. Lancet 380

(9859):2224–2260

Lin J, Hu FB, Curhan GC (2010) Associations of diet with

albuminuria and kidney function decline. Clin J Am

Soc Nephrol 5(5):836–843

Luft FC, Rankin LI, Bloch R, Weyman AE, Willis LR,

Murray RH et al (1979) Cardiovascular and humoral

responses to extremes of sodium intake in normal

black and white men. Circulation 60(3):697–706

Luft FC, Fineberg NS, Sloan RS (1982) Overnight urine

collections to estimate sodium intake. Hypertension

4:494–498

Luft FC, Miller JZ, Grim CE, Fineberg NS, Christian JC,

Daugherty SA et al (1991) Salt sensitivity and resis-

tance of blood pressure. Age and race as factors in

physiological responses. Hypertension 17(1 Suppl):

I102–I108

Luzardo L, Noboa O, Boggia J (2015) Mechanisms of

salt-sensitive hypertension. Curr Hypertens Rev

11(1):14–21

Ma Y, He FJ, MacGregor GA (2015) High salt intake:

independent risk factor for obesity? Hypertension 66

(4):843–849

MacGregor GA, de Wardener HE (1998) Salt, diet and

health: Neptune’s poisoned Chalice; The origin of

high blood pressure. Cambridge University Press,

Cambridge, p 233

Majid DSA, Prieto MC, Navar LG (2015) Salt-sensitive

hypertension: perspectives on intrarenal mechanisms.

Curr Hypertens Rev 11(1):38–48

Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A,

B€ohm M et al (2013) ESH/ESC Guidelines for the

management of arterial hypertension. The Task

Force for the management of arterial hypertension of

the European Society of Hypertension (ESH) and of

the European Society of Cardiology (ESC)

34(28):2159–2219

Mangrum AJ, Gomez RA, Norwood VF (2002) Effects of

AT(1A) receptor deletion on blood pressure and

sodium excretion during altered dietary salt intake.

Am J Physio Renal Physiol 283(3):F447–F453

Mattes RD (1990) Discretionary salt and compliance with

reduced sodium diet. Nutr Res 10(12):1337–1352

Maughan RJ, Leiper JB (1995) Sodium intake and post-

exercise rehydration in man. Eur J Appl Physiol

Occup Physiol 71(4):311–319

McLean RM (2014) Measuring population sodium intake:

a review of methods. Nutrients 6(11):4651–4662

Mente A, O’Donnell MJ, Rangarajan S, McQueen MJ,

Poirier P, Wielgosz A et al (2014) Association of

urinary sodium and potassium excretion with blood

pressure. N Engl J Med 371(7):601–611

Mente A, O’Donnell M, Rangarajan S, Dagenais G,

Lear S, McQueen M et al (2016) Associations of

urinary sodium excretion with cardiovascular events

in individuals with and without hypertension: a pooled

analysis of data from four studies. Lancet

388:465–475

Midgley JP, Matthew AG, Greenwood CM, Logan AG

(1996) Effect of reduced dietary sodium on blood

pressure: a meta-analysis of randomized controlled

trials. JAMA 275(20):1590–1597

Mozaffarian D, Fahimi S, Singh GM, Micha R,

Khatibzadeh S, Engell RE et al (2014) Global sodium

consumption and death from cardiovascular causes. N

Engl J Med 371(7):624–634

Nakandakare ER, Charf AM, Santos FC, Nunes VS,

Ortega K, Lottenberg AMP et al (2008) Dietary salt

restriction increases plasma lipoprotein and inflamma-

tory marker concentrations in hypertensive patients.

Atherosclerosis 200(2):410–416

82 P. Rust and C. Ekmekcioglu



Nakano M, Eguchi K, Sato T, Onoguchi A, Hoshide S,

Kario K (2016) Effect of intensive salt-restriction

education on clinic, home, and ambulatory blood pres-

sure levels in treated hypertensive patients during a

3-month education period. J Clin Hypertens

18(5):385–392

Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM

(2003) Influence of weight reduction on blood pres-

sure: a meta-analysis of randomized controlled trials.

Hypertension 42(5):878–884

Newson RS, Elmadfa I, Biro G, Cheng Y, Prakash V, Rust

P et al (2013) Barriers for progress in salt reduction in

the general population. An international study. Appe-

tite 71:22–31

Norat T, Chan D, Vingeliene S, Aune D, Abar L,

Vieira AR, Navarro D (2015) World Cancer Research

Fund International Systematic Literature Review. The

associations between food, nutrition and physical

activity and the risk of stomach cancer London:

World Cancer Research Fund. 2015.

O’Donnell MJ, Yusuf S, Mente A, Gao P, Mann JF, Teo K

et al (2011) Urinary sodium and potassium excretion

and risk of cardiovascular events. JAMA

306(20):2229–2238

O’Donnell M, Mente A, Rangarajan S, McQueen MJ,

Wang X, Liu L et al (2014) Urinary sodium and

potassium excretion, mortality, and cardiovascular

events. N Engl J Med 371(7):612–623

Oberleithner H, Riethmuller C, Schillers H, MacGregor

GA, de Wardener HE, Hausberg M (2007) Plasma

sodium stiffens vascular endothelium and reduces

nitric oxide release. Proc Natl Acad Sci U S A 104

(41):16281–16286

Parkin DM (2011) 7. Cancers attributable to dietary

factors in the UK in 2010. IV. Salt. Br J Cancer 105

(Suppl 2):S31–S33

Pescatello LSFB, Fagard R, Farquhar WB, Kelley GA,

Ray CA, American College of Sports Medicine (2004)

American College of Sports Medicine position stand.

Exercise and hypertension. Med Sci Sports Exerc

36(3):533–553

Porth CM (2009) Disorders of blood pressure regulation.

In: Hannon RA, Pooler C, Porth CM, (eds). Porth’s

pathophysiology: Lippincott

Powles J, Fahimi S, Micha R, Khatibzadeh S, Shi P,

Ezzati M et al (2013) Global, regional and national

sodium intakes in 1990 and 2010: a systematic analy-

sis of 24 h urinary sodium excretion and dietary

surveys worldwide. BMJ Open 3(12):e003733

Rassler B (2010) The renin-angiotensin system in the

development of salt-sensitive hypertension in animal

models and humans. Pharmaceuticals 3(4):940–960

Regulation (EU) (2011) No 1169/2011 of the European

Parliament and of the Council of 25 October 2011 on

the provision of food information to consumers,

amending Regulations (EC) No 1924/2006 and

(EC) No 1925/2006 of the European Parliament and

of the Council, and repealing Commission Directive

87/250/EEC, Council Directive 90/496/EEC,

Commission Directive 1999/10/EC, Directive 2000/

13/EC of the European Parliament and of the Council,

Commission Directives 2002/67/EC and 2008/5/EC

and Commission Regulation (EC) No 608/2004 Text

with EEA relevance

Rhee M-Y, Kim J-H, Shin S-J, Gu N, Nah D-Y, Hong K-S

et al (2014) Estimation of 24-hour urinary sodium

excretion using spot urine samples. Nutrients 6

(6):2360–2375

Rodriguez-Iturbe B, Vaziri ND (2007) Salt-sensitive

hypertension--update on novel findings. Nephrol Dial

Transplant 22(4):992–995

Rodriguez-Iturbe B, Franco M, Tapia E, Quiroz Y, John-

son RJ (2012) Renal inflammation, autoimmunity and

salt-sensitive hypertension. Clin Exp Pharmacol

Physiol 39(1):96–103

Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray

GA, Harsha D et al (2001) Effects on blood pressure of

reduced dietary sodium and the Dietary Approaches to

Stop Hypertension (DASH) diet. N Engl J Med 344

(1):3–10

Salehi-Abargouei A, Maghsoudi Z, Shirani F, Azadbakht

L (2013) Effects of Dietary Approaches to Stop

Hypertension (DASH)-style diet on fatal or nonfatal

cardiovascular diseases--incidence: a systematic

review and meta-analysis on observational prospec-

tive studies. Nutrition 29(4):611–618

Saulnier PJ, Gand E, Hadjadj S (2014) Sodium and car-

diovascular disease. N Engl J Med 371

(22):2135–2136

SCF (1993) Reports of the Scientific Committee on Food

(31st series). Commission of the European Commu-

nity, Luxembourg

Schmidlin O, Sebastian AF, Morris RC Jr (2007) What

initiates the pressor effect of salt in salt-sensitive

humans? Observations in normotensive blacks.

Hypertension 49(5):1032–1039

Shimkets RA, Warnock DG, Bositis CM, Nelson-

Williams C, Hansson JH, Schambelan M et al (1994)

Liddle’s syndrome: heritable human hypertension

caused by mutations in the beta subunit of the epithe-

lial sodium channel. Cell 79(3):407–414

Stipanuk MH, Caudill MA (2006) Biochemical, physio-

logical, and molecular aspects of human nutrition.

Elsevier Inc., St Louis

Stocker SD, Madden CJ, Sved AF (2010) Excess dietary

salt intake alters the excitability of central sympathetic

networks. Physiol Behav 100(5):519–524

Stolarz-Skrzypek K, Kuznetsova T, Thijs L, Tikhonoff V,

Seidlerova J, Richart T et al (2011) Fatal and nonfatal

outcomes, incidence of hypertension, and blood pres-

sure changes in relation to urinary sodium excretion.

JAMA 305(17):1777–1785

Strazzullo P, D’Elia L, Kandala NB, Cappuccio FP (2009)

Salt intake, stroke, and cardiovascular disease: meta-

analysis of prospective studies. BMJ 339:b4567

Sullivan JM (1991) Salt sensitivity. Definition, concep-

tion, methodology, and long-term issues. Hyperten-

sion 17(1 Suppl):I61–I68

Impact of Salt Intake on the Pathogenesis and Treatment of Hypertension 83



Swain JF, McCarron PB, Hamilton EF, Sacks FM, Appel

LJ (2008) Characteristics of the diet patterns tested in

the optimal macronutrient intake trial to prevent heart

disease (OmniHeart): options for a heart-healthy diet.

J Am Diet Assoc 108(2):257–265

Tanaka T, Okamura T, Miura K, Kadowaki T,

Ueshima H, Nakagawa H et al (2002) A simple

method to estimate populational 24-h urinary sodium

and potassium excretion using a casual urine speci-

men. J Hum Hypertens 16(2):97–103

Thomas MC, Moran J, Forsblom C, Harjutsalo V,

Thorn L, Ahola A et al (2011) The association

between dietary sodium intake, ESRD, and all-cause

mortality in patients with type 1 diabetes. Diabetes

Care 34(4):861–866

Todd AS, Macginley RJ, Schollum JB, Johnson RJ,

Williams SM, Sutherland WH et al (2010) Dietary

salt loading impairs arterial vascular reactivity. Am J

Clin Nutr 91(3):557–564

Toft U, Cerqueira C, Andreasen AH, Thuesen BH,

Laurberg P, Ovesen L et al (2014) Estimating salt

intake in a Caucasian population: can spot urine sub-

stitute 24-hour urine samples? Eur J Prev Cardiol 21

(10):1300–1307

Traill WB, Mazzocchi M, Niedźwiedzka B, Shankar B,
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