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Salt intake in children and its consequences on blood pressure
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Abstract Sodium is the most abundant extracellular cation
and therefore pivotal in determining fluid balance. At the
beginning of life, a positive sodium balance is needed to grow.
Newborns and preterm infants tend to lose sodium via their
kidneys and therefore need adequate sodium intake. Among
older children and adults, however, excessive salt intake leads
to volume expansion and arterial hypertension. Children who
are overweight, born preterm, or small for gestational age and
African American children are at increased risk of developing
high blood pressure due to a high salt intake because they are
more likely to be salt sensitive. In the developed world, salt
intake is generally above the recommended intake also among
children. Although a positive sodium balance is needed for
growth during the first year of life, in older children, a sodium-
poor diet seems to have the same cardiovascular protective
effects as among adults. This is relevant, since: (1) a blood
pressure tracking phenomenon was recognized; (2) the devel-
opment of taste preferences is important during childhood;
and (3) salt intake is often associated with the consumption of
sugar-sweetened beverages (predisposing children to weight
gain).

Keywords Salt . Sodium . Blood pressure . Hypertension .

Tracking . Salt sensitivity

Introduction

The words salus (Latin for health) and salubris (healthy)
underscore the role of salt in ancient Rome, where salt was
regarded as a symbol of health and prosperity, likely be-
cause of its role in food preservation [1]. In the eyes of
Homer, salt represented a divine substance [2], whereas it
was a cornerstone of daily life in the Jewish–Christian
tradition (Esdra 6,9; Esdra 7,22; Gb 6,6; Lv 2, 13; 2Re
2,21; Mt 5,13). Historically, salt was a precursor of coins
(e.g., salt tax, 1Mac 10,29), and it led to the discovery of
shipways and adventurous trips. In ancient Rome, soldiers
were paid a specific quantity of salt (salarium) rather than
gold or coins. Thus, salt was an important currency. The
relevance of salt is also reflected in the name of numerous
cities including Salzburg (Austria), Langensalza (Germany),
Sandwich (England), and Saltcoats (Scotland). At the be-
ginning of the late modern period, the salt tax was impor-
tant; in fact, salt tax officers were decapitated during the
French Revolution [3]. In several cultures around the
world, salt (a white substance) is a symbol of the imper-
ishable; it was an emblem of immortality and loyalty,
which is reflected by the sharing of bread and salt with a
guest, a tradition that remains alive in Slavic countries [3].
Salt is the spice par excellence because it provides taste
and flavor to food. Finally, consider the Latin expression
cum grano salis (literally, with a grain of salt), which
means with common sense. An abundance of literature
has appeared about the role of salt on blood pressure, through-
out this review we consider and highlight some key papers
focusing on this problem in childhood.
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Physiological aspects

Sodium, the most abundant extracellular cation, is pivotal in
determining fluid balance [4]. The total sodium content of the
adult human body is ∼ 80 mmol/kg of fat-free body weight
[5]; this proportion is higher in newborns, infants, and chil-
dren [6, 7]. Fluid and sodium balances play a central role in
regulating blood pressure and, potentially, in the development
of arterial hypertension. Several factors modulate salt han-
dling, such as—among others—activation of the sympathetic
nervous system, hyperinsulinemia, hypercalcemia, acid–base
balance [8], hyperaldosteronism [8, 9], leptin [10], genetic
background, and maybe also circulating cardioglycosides
[11]. Most of these systems ultimately work through the
kidney, with the renin–aldosterone–angiotensin system
playing a pivotal role in fluid and sodium homeostasis. This
importance is suggested by several monogenetic hypertensive
diseases [12]. Furthermore, it was demonstrated via transplan-
tation experiments in both rats and humans that essential
hypertension resolved after bilateral nephrectomy and kidney
transplantation [13].

Newer data suggest that an extrarenal system may play a
role in sodium handling. Elegant experiments by Titze and
coworkers propose that sodium can be stored on negatively
charged glycosaminoglycans in the skin interstitium, where it
becomes osmotically inactive [14]. Thus, the skin interstitium
might act as a negatively charged capacitor and fluid-buffering
system able to store sodium without commensurate water
retention. In this way, it could blunt accumulation of excess
body fluid (and the resultant high blood pressure) following
high salt intake [14]. Actually, sensing the accumulation of
sodium cations, macrophages might be recruited and subse-
quently release vascular endothelial growth factor C (VEGF-
C), which stimulates hyperplasia of the cutaneous lymph
capillary network, inducing local clearance of skin electrolytes
(Fig. 1) [14, 15]. These mechanisms might be impaired or
overwhelmed in salt-sensitive hypertensive individuals. At
this time, it is not known which pathways may be involved.
Furthermore, nothing is known about these proposed path-
ways in children or about possible developmental expression
of such mechanisms.

Electrolytes and fluid balance among newborns and infants

A positive sodium balance is necessary at the beginning of
life. Although ∼ 30–50 % of the adult body sodium content
resides in the skeleton, this proportion is much smaller among
infants and small children. Thus, a positive sodium balance is
needed during development to build the skeleton and permit
growth. Since infancy constitutes the most important and
rapid growth period of life, infants need ∼ 95–115 mmol
sodium per kilogram of weight gain [6]. While urine produc-
tion begins at ∼ 9–12 gestational weeks, nephrogenesis is not

complete until 35–36 gestational weeks [16, 17]. Glomerular
filtration rate (GFR) doubles during the first 2 weeks of life
[17], and several tubular transport mechanisms mature after
birth [18].

The concentration ability of term neonates is limited, with a
maximal urine osmolality of ∼ 700–800 mOsm/kg H2O [16].
Preterm newborns show lower concentration abilities (∼ 600–
700 mOsm/kg H2O). On the other hand, they also have a
lower GFR and therefore a reduced ability to excrete water.

Due to tubular immaturity, sodium is often lost during the
first 2–3 weeks of life, thereby leading to a negative sodium
balance (i.e., the physiological contraction of extracellular
volume after birth and compensation for the transepithelial
hypotonic water lost) [17]. Nevertheless, the sodium balance
is generally maintained in term newborns because the frac-
tional sodium excretion (FENa) stabilizes at ∼ 1 % (or even
lower) near the third day of life. In addition, plasma concen-
trations of renin, angiotensin, and aldosterone are high in
newborns, thereby shifting the sodium balance in a positive
direction. Plasma concentrations of these mediators decrease
during the first weeks of life, in parallel with the maturation of
several tubular transporters [16]. Experimental data have
shown that sodium plays a role in stimulating growth. The
side effects of sodium deprivation were shown at a cell pro-
liferation level in bones and nerves. Chronic sodium depletion
retards growth in both experimental rats and humans [17];
thus, due to the increased losses, preterm infants should be
supplemented with sodium. In fact, salt lost is greater among
preterm and low-birth-weight (LBW) infants [16, 17], placing
these children at risk of developing associated negative salt
balances and hyponatremia (Fig. 2).

A seminal study demonstrated that preterm infants supple-
mented with 4–5 mmol/kg per day of sodium during the first
2 weeks of life reached a positive sodium balance more rapid-
ly, lost less weight postnatally, and regained birthweight more
quickly compared with a control group of nonsupplemented
infants (Fig. 2). Interestingly, the effect of this intervention on
infant weight remained significant after supplementation
ceased [19]. In contrast, full-term infants fed breast milk re-
ceive ∼ 1 mmol/kg per day of sodium, which is enough for an
equilibrated growth [6]. Sodium intake < 1 mmol/kg per day
might lead to hyponatremia and growth retardation and should
therefore be avoided.

Salt intake during childhood

Due to regulation mechanisms, the minimal sodium require-
ment under constant conditions (i.e., after development) is
low: in fact, ∼ 0.1 mmol Na+/100 kcal might be enough. At
the other extreme, humans can tolerate up to 10 mmol Na+/
100 kcal without experiencing problems [6]. Upper limits for
the recommended daily salt intake are given in Table 1.
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According to data from 1997, 4-year-olds in the UK con-
sumed 4.7 g/day of salt (i.e., 81.0 mmol/day), whereas 18-
year-olds ingested 6.8 g/day (i.e., 117mmol/day) [21]. Similar
data were recently published regarding the US: 8- to 18-year-

olds had a mean intake of 8.6 g/day (i.e., 148 mmol/day). In
addition, that study noted that salt intake increased with age
[22]. Furthermore, salt intake was higher among boys than
girls, among normal-weight than overweight participants, and
among non-Hispanic white than Hispanic-white and dark-
skinned participants.

Table 1 summarizes data from several sources regarding
actual salt intake among children and compares it with age-
recommended salt intakes. The variability among age, sex,
and the single studies is considerable. Salt intake increases
with age due to differences in total food consumption and food
choices [23]. In summary, salt intake is generally ≥5.8 g/day
(i.e., 100 mmol/day) starting at ∼ 5 years of age and increases
by ∼ 250 mg/day per year (i.e., 4.3 mmol a day per year) [23].
Very recent data appear to confirm these results [20].
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Fig. 1 Excess sodium modulates
lymphangiogenesis, and
osmotically inactive sodium
accumulates in the skin
interstitium, binding
proteoglycans. Excess sodium
recruits macrophages, and
subsequently activates within
subcutaneous macrophages (cells
with blue nucleus) a transcription
factor, tonicity-enhanced binding
protein, which in turn induces the
production of the angiogenic
protein vascular endothelial
growth factor-C. Vascular
endothelial growth factor-C
stimulates lymphatic vessel (red)
growth and creates a new fluid
compartment, which buffers the
increased body sodium (yellow)
and ameliorates the tendency to
excess body fluid linked with
excess salt intake. Adapted with
permission from [15]
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Fig. 2 Sodium balance among preterm infants born at 27–34 gestational
weeks. The red histograms show the spontaneous course of sodium
balance among normally fed, otherwise healthy, preterm infants. The
green histograms depict the course of sodium balance among preterm
infants who received a sodium supplementation of 4–5 mmol/kg/day.
Adapted with permission from [19]

Table 1 Mean and recommended salt intake at different ages

Age
(years)

Mean daily salt
intake (g/day)

Range
(g/day)

Recommended daily
salt intake (g/day)

< 1 0.5 0.4–1.3 < 1

1–5 4 3.3–4.9 2

5–10 6 3.7–8.1 4

10–20 8 6.7–11.0 5

To convert a gram of salt to a millimol of sodium, divide by 0.058 g/
mmol. To convert from a gram of salt to a gram of sodium, multiply by
0.397 [2, 18, 20]
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Salt intake studies are difficult to conduct. Food diaries,
24-h urinary sodium, overnight urinary sodium, and spot
urinary sodium/creatinine ratio, while being adequate assess-
ments of compliance with different salt-intake regimens, are
unreliable in accurately assessing absolute dietary salt intakes
[24]. In particular, food diaries and urine measurements tend
to underestimate salt intake [23]. Available datamust therefore
be interpreted with caution. Importantly, a tracking phenom-
enon was identified with respect to salt intake; in other words,
a taste habituation is present that generates dietary routines
[25, 26]. Interestingly, boys eat ∼ 20 mmol/day more salt than
girls, and dark-skinned children eat ∼ 15 mmol/day more salt
than white children [23]. Adults consume ∼ 70–80 % of their
salt intake from manufactured foods, snacks, and restaurant
and fast-food meals, whereas only ∼ 10 % occurs naturally in
foods and another 10% comes from discretionary use at home
(added at the table or during cooking) [23, 27]. Childhood
data are limited; however, they seem to globally reflect the
adult data [23]. Interestingly, cereals are the largest contributor
to dietary salt intake (∼ 40 %), followed by meat
products (∼ 20 %) and milk products (∼ 10 %) [20, 23].

Effects of salt on blood pressure among children
and adolescents

Among older children, excessive salt intake leads to the same
complications that are known among adults: volume expan-
sion and arterial hypertension. Several epidemiological, ob-
servational and population studies suggest that salt intake is
associated with hypertension in children [24, 28]. As stated
above, salt-intake studies are difficult to conduct. Nevertheless
it is possible to analyze the relative changes in salt intake
among children (using any of the methods listed above) in
interventional studies [24].

The pioneering study of a salt intake reduction campaign
was performed in Japan in the 1950s [24, 29]. This campaign
was able to reduce mean salt intake by ∼ 1.5 g/day (i.e.,
26 mmol/day). The effects of this intake reduction were noted
among school children over more than 15 years. Several
observational studies have not found a significant association
between salt and blood pressure; however, they present vari-
ous methodological problems [24]. In fact, most high-quality
studies have demonstrated a significant association between
salt intake and hypertension among children [24]. An inter-
esting study was performed based on the National Diet and
Nutrition Survey for Young People program undertaken in
1997 in the UK. This study showed that an increase in salt
intake of 1 g/day (i.e., 17.2 mmol/day) increased systolic
blood pressure (SBP) by 0.4 mmHg [21] among 4- to 18-
year-olds. A meta-analysis by He andMcGregor reviewed ten
controlled studies (nine of which were randomized) among
children and adolescents and three controlled studies among
infants [24]. It is interesting to note that althoughmany studies

have been conducted on this topic, the authors of that study
found only 13 controlled trials. Furthermore, in several stud-
ies, there were important flaws limiting their credibility. The
authors calculated the percentage change in salt intake using
the qualitatively best available technique: 24-h urinary sodi-
um, overnight urinary sodium, spot urinary sodium/creatinine
ratio, or food diary. These measures were used to index salt-
intake reduction. The child and adolescent studies included in
the meta-analysis comprised a total of 966 participants, with a
median age of 13 years (range 8–16 years) and a median salt-
intake reduction duration 4 of weeks (range 2 weeks to
3 years). Median salt intake reduction was 42 % (interquartile
range (IQR) 7–58 %); this reduction was accompanied by
reductions in systolic blood pressure (SBP (−1.17 mmHg,
95 % confidence interval (CI) −1.78 to −0.56 mmHg,
p<0.001)] and diastolic blood pressure (DBP) (−1.29 mmHg,
95 % CI −1.94 to −0.65 mmHg, p<0.0001). After excluding
the only nonrandomized study, results were similar, and sig-
nificance was maintained: SBP −0.93 mmHg (95 % CI −1.66
to −0.20, p=0.01), DBP −1.07 mmHg (95 % CI −2.00 to
−0.14mmHg, p=0.02). Diet adherence was low in two studies
(<5 % difference between two diet groups); thus, the authors
performed a subanalysis of the studies with relevant adher-
ence. Results were in the same range, and the significance was
similar (SBP −1.18 mmHg, 95 % CI −1.82 to −0.55 mmHg,
p=0.0003; DBP −1.20 mmHg, 95 % CI −1.86 to
−0.54 mmHg, p=0.0003). Study heterogeneity was not sig-
nificant, and no evidence of publication bias was detected
[24].

The three infant studies comprised 551 participants. Due to
the low reliability of DBP measurements during infancy, the
authors only examined SBP. Median duration of reduced salt
intake was 20 weeks (range 8 weeks to 6 months), and median
salt intake reduction was 54 % (IQR 51–79 %). These results
were accompanied by an SBP reduction of −2.47 mmHg
(95 % CI −4.00 to −0.94 mmHg, p<0.01).

Role of potassium

The daily sodium intake of hypertensive children should be
decreased, and their potassium intake should be adequate [28,
30]. Evidence suggests that this dietary intervention has pos-
itive short- and long-term effects on blood pressure. In fact,
there is a substantial body of literature discussing various
dietary and lifestyle interventions possibly capable of reduc-
ing blood pressure independently of salt restriction [10]. In
particular, a diet rich in fruits and vegetables, low-fat dairy
products, and low saturated and total fat (the so-called Dietary
Approaches to Stop Hypertension, DASH, diet) was able to
decrease blood pressure by 5.5/3.0 mmHg [31]. Interestingly,
reduction in salt intake and the DASH diet lowered blood
pressure significantly, with greater effects in combination than
singly [32].
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The effect of maintaining sufficient potassium intake is
most likely smaller than that of maintaining a lower sodium
intake [28]. A high potassium intake and a low Na+/K+ ratio
appears to positively affect the physiological rise of blood
pressure in childhood, resulting in smaller blood pressure
slopes [33]. Finally, a study among normotensive African
American adolescents showed that potassium supplementa-
tion reversed nondipper patients into physiological dipper
behavior [34].

Children at increased risk for salt sensitivity

Salt sensitivity is defined as the significant augmentation of
arterial blood pressure following increased salt intake. Over-
weight children [9, 22, 28, 35], children who were born
preterm or small for gestational age (SGA) [36], and African
American children [28] are at an increased risk of developing
high blood pressure when exposed to high salt intake, because
these groups present higher prevalence of salt sensitivity.

Overweight children are the most relevant risk group
because they represent an intervention population (e.g., via
weight-reduction campaigns). Furthermore, the prevalence
of childhood obesity has increased [35, 37]. A recent
study performed in the USA evaluated the effect of salt
on blood pressure among 8- to 18-year-olds, distinguishing
between normal-weight and overweight participants [22].
The prevalence of overweight and obesity (37.1 %) and
the prevalence of prehypertension or hypertension
(14.9 %) were high. The authors of that study calculated
that participants’ SBP increased by ∼ 1 mmHg for each
gram of increased sodium intake per day (i.e., 43.5 mmol/
day), and this increase was ∼ 1.3 mmHg greater among
overweight and obese participants (1.5 mmHg) compared
with normal-weight participants (∼ 0.2 mmHg) [22]. How-
ever, DBP was not significantly associated with sodium
intake. The authors subdivided participants into salt-intake
quartiles, and comparison between the lowest and highest
quartiles revealed an adjusted hypertension risk of 1.98.
Results of the subanalysis compared normal-weight and
overweight children and were even more interesting: the
adjusted risk among normal-weight participants was 1.15,
whereas it was 3.51 among overweight and obese children
(Fig. 3). The risk for (pre-)hypertension increased by
35 % for each additional gram of sodium per day among
normal-weight participants and by 74 % among over-
weight and obese children. Finally, a relative excess risk
due to interaction (RERI) was identified, which means that
these risk factors were synergistic. Specifically, they not
only increased the global risk by their respective factors
but also led to an even greater risk due to their concom-
itant presence and interaction. The pathophysiological
mechanism that develops salt sensitivity in obese children is
likely due (among other possibilities) to insulin resistance and

hyperinsulinemia, which activate the renal sympathetic ner-
vous system that causes vasoconstriction and reduces renal
blood flow, thereby activating the renin–angiotensin–aldoste-
rone system and inducing salt sensitivity [9, 38, 39].

The second risk group comprises children born preterm or
with low birth weight (LBW). One study found an increased
salt-sensitivity risk among children who were of low birth
weight (LBW) or small for gestational age (SGA) [36]. The
salt-sensitivity prevalence at 7–15 years of age was 37 %
among LBW and 47 % among SGA children. These rates
were much greater than one might expect in the general adult
population. Similar results were found among adults [40].

People at increased cardiovascular risk (e.g., African
Americans, patients with hypertension, and people with fam-
ily history of hypertension) are more likely to have a salt
sensitivity than control people [28]. In a well-designed study,
sodium retention among African American and white adoles-
cent girls fed low- and high-sodium diets was compared.
African American adolescent girls showed a higher retention
of sodium compared with Caucasian girls. Thus, a different
type of sodium handling might be (partially) responsible for
the greater salt-sensitivity prevalence among African Ameri-
cans [41]. In fact, despite the sodium retention, neither blood
pressure nor weight increased, so that the retained sodium had
to reside in a nonextracellular compartment [41]. The authors
speculated that this compartment is the skeleton [41], but in
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Fig. 3 Odds ratios (ORs) for developing high blood pressure among
6,235 US children 8–18 years old. Children were divided into quartiles
based on their sodium intake. The Y-axis shows ORs for developing high
blood pressure (prehypertension or hypertension). The blue bars depict
ORs for all studied participants, and the red bars show the ORs for the
subgroup (37.1 %) of overweight and obese children. This graph was
developed based on data from Yang et al. [22]
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light of the newer findings from Titze and colleagues, it
is tempting to assume that this might have been the skin
interstitium [14].

Tracking and programming

The deleterious effect of a high salt intake is not limited to
childhood; rather, it has long-lasting effects on blood pressure
[26]. High blood pressure in childhood predisposes to hyper-
tension in adulthood and increases the risk of developing
cardiovascular disease and premature death [22, 42]. Animal
models suggest that salt intake during the first years of life
might have a programming effect on blood pressure [24, 43].
In other words, transitory salt exposure during the first years
of life might lead to a permanent increase in blood pressure,
even when salt intake decreases later in life. In a double-blind
randomized trial performed almost 30 years ago among 476
newborn infants divided into low-sodium-diet (n=231) and
normal-sodium-diet (n=245) groups, an association was
found between salt intake and blood pressure during the first
6 months of life; specifically, a progressive increase in blood
pressure was observed among both diet groups across each
month of observation [44]. Of the 476 children studied, 167
were recruited for a follow-up assessment 15 years later. SBPs
of those fed low-salt diets during their first 6 months of life
were significantly lower (−3.6 mmHg, 95 % CI −6.6 to
−0.5 mmHg, p=0.02), although the dietary salt intake did
not significantly differ between groups at 15 years of age
[45]. This issue, however, is controversial, since the literature
offers variable and limited results [46, 47]. In particular,
studies denying an association are problematic because they
present several flaws limiting their interpretation.

Relevance for public health

Data regarding salt intake in childhood are relevant, particu-
larly from a public health perspective. First, high blood pres-
sure is an important cause of disease burden measured as
Disability Adjusted Life Years (DALY) [48]. Second, a
blood-pressure-tracking effect was documented: children with
hypertension often mature into adults with hypertension.
Third, risk of hypertension appears to be increased with higher
sodium intake in childhood. Fourth, taste preferences are
imprinted during childhood: children who typically consume
a significant amount of salt are likely to prefer salty meals as
adults [25]. In fact, salty snacks consumed during childhood
might suppress the ability to taste salt, thereby programming
salty meal consumption during adulthood [24].

Among Australian children, salt intake led to an increased
fluid intake (r=0.42, p<0.001): each additional gram of salt
consumed was associated with an additional 46-g intake of
fluids per day. Because two thirds of these children drank
sugar-sweetened beverages, their sugar intake increased with

their salt intake (r=0.35, p<0.001): each additional gram of
salt was associated with an additional 17-g intake of sugar-
sweetened beverages per day [49]. In other words, adolescents
who consume a significant amount of salt also tend to be
overweight. Similar results were found in Great Britain (each
additional gram of salt consumed was associated with an
additional 27-g intake of sweetened beverages per day) [35].
Based on these data, reducing one’s daily salt intake might
also contribute to the prevention of obesity and overweight
among children [35, 49].

Conclusions

Evidence indicates that reduced salt intake benefits children.
Although at the beginning of life a positive sodium balance is
required for growth, during the first year of life, a low-salt diet
among older children seems to have the same cardiovascular-
protective effects known among adults, particularly with re-
spect to blood pressure reduction. Whether salt-intake reduc-
tion affects cardiovascular outcomes remains controversial;
however, most of the literature currently suggests that a re-
stricted salt intake plays a preventive role [50–53]. A low-salt
diet is especially important for overweight children, those
born preterm, those born SGA, and those who have hyperten-
sion or present nonpreventable cardiovascular risk factors
(e.g., family history of hypertension, African American heri-
tage). Salt intake during childhood is relevant for public
health: first, elevated blood pressure during childhood predicts
elevated blood pressure during adulthood; second, salt intake
increases hypertension risk in childhood; third, taste prefer-
ences are developed during childhood; fourth, salt intake is
often associated with consumption of sugar-sweetened bever-
ages. Further research is needed to identify and evaluate
possible preventive interventions on individual and systemic
bases during childhood.
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