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Abstract: The prevalence of essential arterial hypertension in children and adolescents has grown
considerably in the last few decades, making this disease a major clinical problem in the pediatric
age. The pathogenesis of arterial hypertension is multifactorial, with one of the components being
represented by incorrect eating habits. In particular, excessive salt and sugar intake can contribute
to the onset of hypertension in children, particularly in subjects with excess weight. Babies have
an innate predisposition for sweet taste, while that for salty taste manifests after a few weeks. The
recent modification of dietary styles and the current very wide availability of salt and sugar has
led to an exponential increase in the consumption of these two nutrients. The dietary intake of
salt and sugar in children is in fact much higher than that recommended by health agencies. The
purpose of this review is to explore the mechanisms via which an excessive dietary intake of salt
and sugar can contribute to the onset of arterial hypertension in children and to show the most
important clinical studies that demonstrate the association between these two nutrients and arterial
hypertension in pediatric age. Correct eating habits are essential for the prevention and nondrug
treatment of essential hypertension in children and adolescents.
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1. Introduction

In ancestral times, salt and sugar were difficult to find, but were of important nutri-
tional value for our forefathers. This has generated a marked preference for sweet and
salty taste in our species. Babies have an innate predisposition for sweet taste, while that
for salty taste becomes evident after a few weeks [1]. Moreover, salt and sugar favor
the preservation of food, and this has led to the development of numerous recipes and
food preparations that involve their use, such as cheeses, salami, and jams. The recent
modification of the styles of diet and the current very wide availability of salt and sugar
have led to an exponential increase in the consumption of these two nutrients. In adults
today, the consumption of salt is about double compared to what is recommended by the
World Health Organization (WHO) [2], while the per capita consumption of sugar in the
Anglo-Saxon population has gone from a few kg/year at the beginning of the last century
to more than 70 kg/year today [3]. Although the various national and international health
agencies allow/recommend certain daily quantities of “added” salt and sugar, it must be
emphasized that the addition of salt and sugar in the diet is not necessary as, except in
very special cases, the sodium naturally contained in food would be sufficient for a correct
diet, and the supply of glucose through complex carbohydrates would be the most correct
way to take this nutrient.

The term “salt” unequivocally refers to sodium chloride, the main source of sodium
intake, in addition to the less significant amount of sodium naturally contained in food.
On the other hand, when we talk about “sugar”, some specifications are necessary. From
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a chemical point of view, the “simple sugars” are monosaccharides (glucose, fructose,
and galactose) and disaccharides, which derive from combinations of monosaccharides,
such as sucrose (glucose + fructose), lactose (glucose + galactose), and maltose (glucose
+ glucose). From a nutritional point of view, things are more complex. In fact, the sugars
naturally contained in some foods such as lactose in milk and fructose in fruit (intrinsic
sugars) must be considered distinct from those added in the production/preparation of
foods (extrinsic sugars). To indicate extrinsic sugars, the definition of “added sugars” has
been proposed, which in any case is not entirely satisfactory, since the sugars contained
in honey, fruit juices, and nectars, theoretically intrinsic, are consumed in practice as if
they were extrinsic. The WHO has proposed the definition of “free sugars”, and it does
not consider lactose and galactose contained exclusively in milk as free sugars. On the
other hand, the WHO considers glucose, fructose, and sucrose as free sugars only if added
to food preparations, but not if taken directly with fruits. Furthermore, the saccharides
contained in honey, fruit juices, or nectars are always considered “free sugars” [4–9]. The
definition excludes small saccharide molecules (fructans, galactans, lactulose, and polyols)
which are only minimally absorbed in the intestine and are not considered in this review.
The largest share of sugar is introduced in the diet as sucrose (the common table sugar) and
high-fructose sweetening syrups (HFCS) used widely, but not exclusively, in soft drinks.
These syrups contain 55–60% fructose and are produced through the isomerization of the
glucose contained in corn starch. In children, the sugars in honey and fruit juices may
also have a certain quantitative importance, while the use of fructose alone, erroneously
perceived as a natural sweetener, is becoming increasingly popular. We do not talk in detail
about non-calorie sweeteners, which should still be viewed with suspicion, especially in
children. Their use, moreover, does not seem to improve incorrect eating habits [10–12].

The purpose of this review is to explore the relationship between an excessive dietary
intake of salt and sugar and the onset of arterial hypertension in children. The prevalence
of excess weight in children has increased exponentially in recent decades, resulting in
a modification of the epidemiology of pediatric hypertension. A recent meta-analysis
reported an increment in the prevalence of hypertension from 2.4–3.0% to 4.3–5.3% in
children between 6 and 11 years and from 4.3–5.3% to 6.1–7.9% in adolescents between
12 and 16 years, from 2000 to 2015 [13]. At the same time, the frequency of secondary
hypertension in pediatric referral series decreased over time from 85% to 9% [14]. The
prevalence of secondary hypertension is higher in younger children than in older children
and adolescents, particularly when considering patient populations referred to tertiary
pediatric hypertension clinics [15,16].

2. Recommendations for Dietary Salt and Sugar Intake in Children

The daily dietary intakes of sodium and salt recommended by health agencies for
children are summarized in Table 1. As can be seen from the table, all the references
substantially overlap. Under 6 months of age, no indications are given regarding the intake
of sodium, as breast milk is considered the gold standard for all nutrients and, therefore,
also for sodium. The sodium content of breast milk differs according to the mother’s
geographical origin and her weight status, suggesting an important role in maternal eating
habits [17]. However, it must be emphasized that the sodium content in breast milk is low
(17 mg/100 mL) [18] and, based on this amount, breastmilk substitutes have been created,
whereas cow’s milk has a sodium content about three times that of human milk. Even for
this reason, its use is not recommended in infants.
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Table 1. Recommended intake of sodium and salt in children and adolescents.

WHO DRI NHS LARN

The amount of
2 g of Na (5 g

NaCl)
recommended

in adults,
reduced

proportionally
to dietary
calories

Age AI
g Na (NaCl) Age AI

g Na (NaCl) Age AI
g Na (NaCl)

SDT
g Na (NaCl)

6–12 months 0.37 (0.9) 6–12 months n.d. 6–12 months 0.4 (1.0) n.d.

1–3 years 0–8 (2.0) 1–3 years 0.8 (2.0) 1–3 years 0.7 (1.75) 0.9 (2.25)

4–8 years 1 (2.5) 4–6 years 1.2 (3.0) 4–6 years 0.9 (2.25) 1.2 (3.0)

9–13 years 1.2 (3.0) 7–10 years 2 (5.0) 7–10 years 1.1 (2.75) 1.5 (3.75)

14–18 years 1.5 (3.75) >11 years 2.4 (6.0) >11 years 1.5 (3.75) 2.0 (5.0)

WHO: World Health Organization, DRI: Dietary Reference Intake of United States, NHS: National Health Service of United Kingdom,
LARN: intake recommended in Italy, AI: adequate intake, SDT: recommended intake for the prevention of noncommunicable diseases, n.d.:
not defined.

Data from the National Health and Nutrition Examination Survey (NHANES) 2003–
2010 showed that more than 80% of children aged 1–5 years exceeded their sodium upper
intake levels [19]. An Italian study provided evidence that, in a large sample of children
aged 6–36 months, the intake of sodium and free carbohydrates was high. In particular,
most of the children aged ≥12 months were taking more sodium than the daily upper limit
of 1000 mg suggested by the Italian guidelines [20]. In older Italian children, the estimated
intake of salt was about 7.0 g per day, which means that they had a consumption higher
than the recommended standard dietary target [21].

Table 2 shows the recommendations regarding the maximum daily intake of free
sugars. In this case, there is also consensus on a quantity that should not exceed 10% of
the total caloric amount provided by the diet. Studies on fructose intake in the general
population are few. The most significant data are provided by the NHANES, relating to the
population of the United States in the years 1999–2004, which shows that the average daily
consumption of fructose per capita was 49 g (of which only 8 g was provided by fruits). In
the younger population, however, the intake was much higher (75 g among males aged 15
to 22) [22]. Moreover, in the Zuccotti study, very few babies had an intake of free sugar
within the guidelines’ recommended value [20].

Table 2. Recommended intake of sugar in pediatric age.

WHO <10% of dietary calories

ESPGHAN <5% of dietary calories

LARN <15% of dietary calories (including fruit sugars)
WHO: World Health Organization, LARN: intake recommended in Italy, ESPGHAN: European Society for
Pediatric Gastroenterology, Hepatology, and Nutrition.

3. Salt and Pathogenesis of Arterial Hypertension

Arterial hypertension is a complex disease at the origin of which genetic, epigenetic,
environmental, and behavioral factors interact, with different roles in different age stages
(Figure 1) [23]. The etiopathogenesis of arterial hypertension, therefore, has a multifactorial
origin [24]. Several studies have shown a correlation among dietary salt intake, blood
pressure values, and morbidity and mortality from cardiovascular disease. It has also
been shown that, regardless of body weight, gender, and age, salt intake is considered
a well-established risk factor for hypertension [25]. However, the exact etiopathogenetic
mechanisms that lead to the development of arterial hypertension and its relationship
with an excessive intake of salt have not yet been fully clarified. Hypertension may occur
if the pressure natriuresis mechanism is impaired, and changes in blood pressure with
different salt dietary intake vary from individual to individual. Salt sensitivity is defined
as a difference in mean arterial pressure between a low- and high-sodium diet > 10% [26].
Recently, Bigazzi et al. showed that genetic polymorphisms previously implicated in
salt-sensitive hypertension in adults had an impact on blood pressure values and sodium
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excretion in a population of adolescents, suggesting the possibility of an impairment of the
physiological systems of sodium handling at a young age already [27].
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Figure 1. Factors interacting in the pathogenesis of arterial hypertension at different stages of life (modified from [23]).
RAAS: renin angiotensin aldosterone system.

For a long time, it was thought that the main link between sodium and arterial
hypertension was the expansion of the extracellular volume due to the osmotic effect of
sodium, especially in salt-sensitive subjects. However, this mechanism has been questioned
by the discovery that sodium can be stored in the body in a non-osmolar form [28]. More
recently, it has been hypothesized that salt may exert its effect on blood pressure via
different and more complex mechanisms. Excessive salt intake would cause alterations
in the physiological systems that regulate cardiac, vascular, and/or renal function. In the
presence of hypertension, particularly in obese subjects, there is an increase in sympathetic
nervous system (SNS) activity [29]. This autonomic alteration is already present at pediatric
age; in fact, greater sympathetic modulation and lower parasympathetic modulation have
been described both in hypertensive children [30] and in adolescents [31]. Activation of
the SNS, on the one hand, leads to an increase in sodium reabsorption at the level of
the proximal convoluted tubule and, on the other hand, stimulates the renin angiotensin
aldosterone system (RAAS) which, in turn, increases both distal renal sodium reabsorption
and sympathetic activity via angiotensin II. In addition, it seems that various genetic,
hormonal, and neuroendocrine factors are involved in the development of sodium-sensitive
arterial hypertension [32]. The SNS, RAAS, natriuretic peptides, insulin, leptin, and other
endothelial mediators with endocrine activity could all influence the sensitivity of blood
pressure to salt intake [33].
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The etiopathogenesis of arterial hypertension begins even before birth through an
epigenetic mechanism called “fetal programming”, through the direct and/or indirect
action of the salt introduced with the mother’s diet [34]. It has been shown in animal models
that the intake of salt during the early stages of life could have a “programming” effect
on blood pressure [35,36]. In other words, early salt exposure could lead to a permanent
increase in blood pressure, even if salt intake were to decrease later in life. Moreover,
studies conducted on rats have shown that a diet rich in salt during gestation and lactation
results in an increase in blood pressure in males once they reach adulthood [37]. It has
been hypothesized that, even in humans, “prenatal insults”, including excessive salt intake,
can limit capillary density, endothelial function, and the maturation of the nephronic mass,
thus favoring the onset of hypertension already in adolescents and in young adults [38].

Suckling et al. have suggested that the consumption of foods that are high in sodium
leads to a transient increase in plasma sodium concentration which could have toxic effects
on the vascular system [39]. Plasma sodium concentration may exert an effect on blood
pressure by modifying the “stiffness” of endothelial cells. The greater “stiffness” of en-
dothelial cells would lead to a reduction in the activity of nitric oxide synthase (eNOS) and
an increase in vascular resistance, with a consequent increase in blood pressure [40]. This
condition could, in turn, induce microvascular remodeling and a systemic proinflammatory
state leading to microvascular endothelial inflammation, anatomical remodeling, and func-
tional abnormalities, as shown in animal models [41]. The presence of a proinflammatory
state involving the endothelium due to an excessive intake of salt has been demonstrated
in several studies performed on rodents [42–44] and on humans [45,46]. These studies
show that the negative effects of a high concentration of sodium on the vascular system are
mediated by reactive oxygen species (predominantly superoxide, O2

−). A high salt content
in the diet results in an increase in O2

−, which decreases the bioavailability of nitric oxide
(NO), which is eliminated via transformation into its radicals. Therefore, a high sodium
intake alters endothelial function through a reduced bioavailability of NO. In addition
to increasing oxidative stress, a high sodium content can also decrease the antioxidant
defense mechanisms by reducing the expression of superoxide dismutase [47–49].

4. Sugar and Pathogenesis of Arterial Hypertension

The free sugars in the diet are glucose, fructose, and sucrose. In the intestine, sucrose
is broken down into its two components, glucose and fructose, which are absorbed as
such. Therefore, to evaluate the consequences of sugar consumption on the development of
arterial hypertension, both the effect of the total consumption of free sugars and the specific
metabolic role of fructose compared to that of glucose must be considered. Furthermore,
the relationship between blood pressure and uric acid, the final product of the catabolism of
purines (adenosine and cytosine), a metabolic pathway differentiated from the metabolism
of sugars, must also be considered. Foods that are rich in purines can lead to an increase
in uricemia, but they hardly contain free sugars and, in general, are poorly consumed
by children and adolescents. Excessive ingestion of fructose also leads to an increase in
uricemia and, in children, is the main dietary cause of hyperuricemia. The effects on blood
pressure and other parameters of the metabolic syndrome of free sugars considered as a
whole, as well as those of fructose and uric acid, add up and enhance each other [50]. For
clarity, all these aspects are dealt with separately.

4.1. Free Sugars

Free sugars, mainly consumed through the intake of sugary drinks (SSB), cause
a high calorie intake in children [9,51,52]. In the United States, the calories provided
by SSBs in children are equal to 7.3% of the daily caloric intake, with values of over
9% in adolescence [51]. Similar values have been found in English [53] and in Asian
adolescents [54,55]. Sixteen percent of Italian adolescents say they take SSBs every day [56].
Free sugars, especially in liquid form, have a very low satiating effect and, therefore, do
not limit the intake of calories from other sources, thus favoring the development of excess
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weight [57]. This has been demonstrated both in adolescents [58] and in children [59]. In
particular, obesity appears to be the major risk factor for primary arterial hypertension in
children [60,61].

4.2. Fructose

The metabolism of fructose differs from that of glucose. Glucose, after intestinal
absorption, reaches the hepatocyte where it can have three different destinations: (i) to
be stored as glycogen, (ii) to be secreted into the blood to be used as nourishment for
the cells, mainly under insulin control, or (iii) to be split into two trioses (glyceraldehyde
and hydroxyacetone), transformed first into pyruvate and then into acetyl-CoA and used
by mitochondria to produce energy. In addition to being controlled by insulin, which
stimulates its entry into cells and is the main regulator of plasma glucose levels, glucose
is also regulated by internal systems of the hepatocyte, which are related to the energy
levels present in the cell [62]. In the case of fructose, however, these internal systems do
not work [63] and, therefore, fructose can enter the hepatocyte without any control. About
70–80% of the fructose present in the portal blood is absorbed at the first passage by the
liver (the residual amount is metabolized by the kidney); consequently, the plasma quantity
of fructose is minimal even after a meal with high fructose content [64]. The uncontrolled
entry of fructose into the liver cells is the main cause of a series of metabolic alterations.
The fructose in the hepatocyte is rapidly phosphorylated by phosphofructokinase and
transformed into fructose 1 phosphate, with consumption of ATP (Figure 2). In the presence
of a high amount of fructose, this entails, on the one hand, the lowering of the cell’s energy
level and, on the other, due to the degradation of ATP, the production of adenosine and,
subsequently, uric acid. Furthermore, an excessive absorption of fructose by the liver leads
to the production of lactate, which favors the onset of insulin resistance, as well as an
increase in the synthesis of fatty acids and cholesterol [65–67]. Therefore, after a high-
fructose meal, there is an increase in uricemia [68,69] and very-low-density lipoprotein
(VLDL) levels [70,71], while a certain amount of fatty acids remains in the adipocyte,
promoting the development of nonalcoholic fatty liver disease [72]. A high fructose intake
is, therefore, associated with an increase in free fatty acids, triglycerides, lactate, and
methylglyoxal, all factors that can contribute to an increase in insulin resistance with a
consequent increase in blood pressure values [73]. Furthermore, fructose, in addition to
inducing insulin resistance, also determines resistance to leptin. Both conditions inhibit
the center of satiety and stimulate food intake [74], favoring the onset of obesity and,
consequently, arterial hypertension. It should be emphasized that insulin resistance is
a factor independently associated with an increase in blood pressure values, even in
children [68,75]. There is also an interaction between salt and fructose, because the latter
may favor the reabsorption of sodium both in the kidney [76] and in the intestine [77],
especially when associated with a high-salt diet [78]. Lastly, it has been suggested that
continued consumption of fructose could lead to kidney damage [79] which, over time,
could favor an increase in blood pressure.
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4.3. Uric Acid

A large number of studies, both experimental and clinical, have shown an association
between uric acid values and arterial hypertension in children [80–82]. The child is a
“unique” clinical model for studying the mechanisms that lead to the development of
primary hypertension, as, at this age, the role of confounding factors such as aging, long
duration of hypertension, drug therapies, smoking, and other cardiovascular diseases are
generally absent. The only clinical studies that demonstrated a cause/effect relationship
between uric acid levels and blood pressure values were performed in pediatric age. Two
randomized studies performed in hypertensive and prehypertensive adolescents showed a
reduction in systolic and diastolic blood pressure values with the administration of uric
acid-lowering drugs, suggesting a causal relationship between urate and hypertension in
these subjects [82,83]. Moreover the antihypertensive efficacy of lifestyle modifications
is blunted in children with high uric acid levels [84]. As already pointed out, the main
cause of increased uricemia in children is excessive consumption of fructose, particularly
through SSBs. Uric acid increases oxidative stress [85,86], as well as the production of tumor
necrosis factor, interleukin 6, and other chemokines, stimulating inflammatory processes
especially at the vascular level [87]. In addition, uric acid increases insulin resistance [88],
favoring the onset of those alterations that characterize the metabolic syndrome, including
arterial hypertension. However, the most important effects of uric acid in the development
of hypertension are due to its direct action on arterioles and kidney. At the arteriolar level,
uric acid inhibits the production of nitric oxide and the activity of endothelin, favoring the
onset of endothelial dysfunction [89]. The result is an arteriolar vasoconstriction, which
is reversible in the first phase but which, later, due to the proliferation of the arteriolar
smooth muscle cells, becomes irreversible, with a stabilization of arterial hypertension.
This progression of the hypertensive process suggests the need to perform interventions as
early as possible, identifying the subjects at risk even in pediatric age [90]. Lastly, uric acid
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in the kidney may exert a nephrotoxic effect, which could contribute to the development of
arterial hypertension [91].

5. Epidemiological Studies on Salt and Sugar Intake and Arterial Hypertension
in Children

Several studies showed a correlation between high salt intake and increased blood
pressure values and hypertension prevalence in the pediatric population. A recent meta-
analysis showed that sodium intake is associated with blood pressure values in children
and adolescents. Eighteen studies analyzing sodium intake and blood pressure values
showed that, for every additional gram of sodium intake per day, systolic blood pressure
(SBP) increased by 0.8 mmHg and diastolic blood pressure (DBP) by 0.7 mmHg. This
association was stronger among children with excess weight and low potassium intake.
Moreover, sodium reduction interventions decreased SBP and DBP by 0.6 mmHg and 1.2
mmHg, respectively [92].

In support of the hypothesis that high salt intake increases blood pressure in children,
a meta-analysis performed several years ago that included 10 studies in children and
adolescents demonstrated that a modest reduction in salt intake caused a decrease in
blood pressure (1.17 and 1.29 mmHg of SBP and of DBP values, respectively), providing
strong support for the importance of a reduction in salt dietary intake in pediatric age [35].
Since blood pressure tracks from childhood to adulthood, these findings suggest that a
reduction in sodium intake during childhood and adolescence could lower blood pressure
and prevent the development of hypertension later on in life.

Among the different methods available for assessing salt intake, sodium excretion
over 24 h is currently the most accurate [93]. In boys aged 7 to 11 years, Apariciò et al.
showed a correlation between SBP and DBP values with sodium excretion/24 h, with an
increase of 0.04 mmHg for each mmol of Na excreted in 24 h [94]. Salt intake and excretion
are higher in adolescents than in children. In a cohort study of 6- to 16-year-olds, Shi
et al. found that urinary sodium excretion in 6-year-olds averaged 83 mmol Na/day and
that this value increased to 100 mmol Na/day at 16 years of age. In this study, a 1 g/day
increase in salt intake was associated with a 0.2 mmHg increase in SBP [95].

Correra-Costa et al. confirmed that an increase in salt consumption leads to an increase
in daytime SBP and DBP, assessed by 24 h pressure monitoring, and suggested a gender
difference in the effect of salt intake on SBP. In a population of children (age 8–9 years), there
was in fact an association between salt intake in boys that was not observed in girls [96].
The amount of salt intake in children and adolescents depends on the family’s diet. It has
been shown that sodium excretion of children is correlated to that of their parents [97,98].
Cotter pointed out that 91% of children consume amounts of salt similar to that taken
by their parents, particularly that taken by their mother. In the children of mothers who
add salt to the food after cooking, a higher sodium excretion was found, compared to the
children of mothers who do not add it.

Few studies are available on the effects of dietary sodium intake on blood pressure
in the first months of life. He’s meta-analysis, which also included a subgroup of three
trials performed in infants, showed that a reduction in salt intake led to a significant
reduction in SBP of 2.47 mm Hg [35]. The studies are quite old; as a matter of fact, research
of this kind would currently not be considered ethical. Pomeranz et al. compared two
groups of infants fed the same formula milk supplemented with two different amounts
of sodium (32 mg/dL and 196 mg/dL) [99]. During the 2 months of follow-up, the group
that assumed a higher sodium intake showed significantly higher SBP and DBP values.
Another study [100] compared two groups of children, one assigned to a low-sodium diet
and the other to a normal-sodium diet in the first 6 months of life. During these 6 months of
follow-up, the high-sodium-intake group showed higher SBP values than the other group,
and the difference increased over time. At the end of the study, SBP values of children
fed a high-sodium diet exceeded those of the moderate intake group by 2.1 mmHg, an
important difference for the age group considered. It is extremely interesting that, after
15 years, one-third of the study participants were re-evaluated, and the researchers found
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that the subjects who had a higher sodium intake in the first 6 months of life had higher
SBP and DBP values (3.6 and 2.2 mmHg, respectively) [101].

Not only salt intake, but also high sugar intake is related to an increase in blood
pressure values in children. Evidence has been reported in the literature about a correlation
of blood pressure with both fructose consumption (especially taken with SSBs) [102] and
serum uric acid values [81,103]. Since a high intake of fructose is associated with higher
uric acid levels [91,104], in clinical studies, it is often difficult to separate the effects of uric
acid from those of fructose on blood pressure. In a recent meta-analysis, which included
14 studies performed in children and adolescents, high consumption of SSBs was associated
with an increase of 1.67 mmHg in SBP. Important consumers of SSBs were also 1.36 times
more likely to develop hypertension than more modest users [103].

Studies that associate high serum uric acid values with the presence of hypertension in
children are numerous. Furthermore, an association between hyperuricemia and incident
hypertension has been demonstrated. It has been suggested that increases in uricemia in
childhood may predict the onset of hypertension in adulthood [105]. In a meta-analysis
that included 18 prospective studies, the presence of hyperuricemia was associated with
a 40% increased risk of incident hypertension; for a 1 mg/dL increase in serum uric acid
levels, the risk of developing hypertension was increased by 13%, and studies performed in
older populations showed a lower risk than those performed in younger populations [106].
A systematic analysis of all trials related to uric acid and hypertension is beyond the scope
of this review. However, it is important to point out that it has been described that, in a
large, nationally representative cohort of healthy US adolescents with a low prevalence
of cardiovascular disease and cardiovascular disease risk, for each 0.1 mg/dL increment
in serum uric acid, there was a 1.38-fold increased risk of hypertension [107]. In addition,
Viazzi et al. showed that, in a pediatric population at relatively high cardiovascular risk,
the prevalence of arterial hypertension increased by at least 50% for each 1 mg/dL of serum
uric acid increment and that children with serum uric acid values in the highest quartile
had a risk of being hypertensive that was twice the risk observed in the lowest quartile
(odds ratio (OR) = 2.04) [81]. In an important study, Nguyen et al. highlighted the link
among SSBs, uric acid, and blood pressure. In a group of adolescents aged 12 to 18 years,
serum uric acid levels were significantly associated with SSB intake (0.18 mg/dL from the
lowest to the highest category of SSB consumption) and, in turn, SBP also increased with
increasing SSB consumption (0.17 z-scores from the lowest to the highest category) [104].

6. Relationship between Salt and Sugar Intake and Intervention Programs to Reduce
Salt and Sugar Consumption

It is generally thought that salt and sugar are taken by children through different
foods and separately. Instead, the preparation of many desserts also includes the addition
of salt to improve their palatability. Furthermore, current eating habits (Western diet) are
characterized by a large consumption of both salt and sugar [108]. He et al. made a very
important observation, establishing the presence of a strong association, which remained
significant after adjustment for potential confounders, among salt, fluid, and SSB intake in
a population of children and adolescents in Great Britain [109]. A difference of 1 g/day in
salt consumption was associated with a difference of 100 and 27 g/day in total fluid and
SSB intake, respectively. These findings suggest that, if salt intake in children is reduced,
there may also be a reduction in SSB consumption and this could have a beneficial effect
on both body weight and arterial pressure, regardless of the effect directly exerted by the
low-sodium diet on blood pressure values [109].

The demonstrated correlation between salt and sugar intake in children can be ex-
plained not only by the natural and innate propensity for these flavors, but also by the
eating habits of the parents [110]. Lastly, an excessive sodium intake, creating a transient
hyperosmolarity at the level of the portal vein and liver, activates the polyol pathway
determining the endogenous production of fructose [111,112] which, adding to the amount
of fructose taken with the diet, can promote the development of metabolic syndrome. For
these reasons, the prevention and dietary treatment of arterial hypertension at a pediatric
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age, as well as the reduction of excess weight if present, should be based on the reduction
of the consumption of salt and sugar, particularly fructose [113]. In a cohort of overweight
and/or hypertensive children, these measures proved effective and resulted in a significant
reduction in blood pressure, regardless of the presence of arterial hypertension [114].

Intervention programs to reduce salt and sugar consumption have been proposed,
especially aimed at populations with high cardiovascular risk [115]. Within these programs,
special interventions for industries are also envisaged, to encourage the production of
foods with healthier nutritional characteristics, which could also benefit people who are not
at high cardiovascular risk, particularly children. An example of this type of intervention is
the Italian project for the production of bread with a reduced amount of salt, which is part
of the European initiatives for the reduction of dietary sodium intake [116]. With regard to
the pediatric age, the intervention projects mainly aim at reducing the childhood obesity
through correct eating habits and lifestyles [117]. All intervention programs designed for
children include indications to increase the consumption of fruit and vegetables, to reduce
the intake of free sugars, and to stimulate physical activity [50]. Nutritional education
programs are mainly offered in schools, which constitute microenvironments in which
children spend a large part of their time and which play a pivotal role in influencing
their choices. In this way, a collaboration can be created among families, educators, and
policymakers [117]. Intervention strategies in schools should involve the managers of
school catering services, in order to offer fresh food, quality products, and well-balanced
meals from a nutritional point of view. In this way, opportunities can be created to introduce
notions about nutritional education to children and families. Another important point
would be to succeed in banning food vending machines in schools [118]. It has been shown
that school nutritional education projects, when implemented, lead to a reduction in the
consumption of sweet drinks [119], soda drinks [120], and SSBs [121]. Some countries have
also imposed taxes on soft drinks sold in grocery stores and vending machines, thus trying
to decrease calorie intake from nutrient-poor foods. However, these taxes have often not
been effective in reducing the consumption of sweet drinks [122]. To date, no interventions
have been planned that consider the evidence of the role of fructose consumption in the
development of metabolic syndrome. Informative interventions on this topic would be
appropriate, as the consumption of added fructose is generally perceived as healthy by the
general population.

7. Conclusions

Cardiovascular diseases occur in adulthood, but the underlying vascular alterations
begin very early in childhood and are related to the presence of risk factors such as arterial
hypertension and obesity. Salt and sugar, if taken in excess, are important risk factors
for hypertension and obesity. In consideration of the importance of early prevention,
both at the individual level and at the level of public health, it would be mandatory to
apply strategies for limiting the consumption of salt and free sugars, particularly fructose,
in children.
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