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The pathogenesis of arterial hypertension is multifactorial, 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. 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 the entry is to explore the

relationship between an excessive dietary intake of salt and sugar and 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.
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1. Introduction

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.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. Data from

the NHANES 2003–2010 showed that more than 80% of children aged 1-5 years exceeded their sodium Upper Intake

Levels . 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 . 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 . 

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.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.  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 grams (of which only 8 grams provided by fruits). In the younger

population, however, the intake was much higher (75 grams among males aged 15 to 22) . Moreover, in the Zuccotti

study, very few babies had an intake of free sugar within the guidelines’ recommended value. value .  

2. 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 (Figure1) .Several studies show a correlation between 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 . 

More recently, it has been hypothesized that salt may exert its effect on blood pressure with 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, in particular in obese subjects, there is an increase in sympathetic

nervous system (SNS) activity . This autonomic alteration is already present in pediatric age; in fact, greater sympathetic

and lower parasympathetic modulation have been described both in hypertensive children  and adolescents .

Activation of the SNS leads on the one hand 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 . 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 .
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Figure 1. Factors interacting in the pathogenesis of arterial hypertension at different stages of life (modified from ).

RAAS: renin angiotensin aldosterone system.

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 . Plasma sodium concentration

may exert an effect on blood pressure by modifying the "stiffness" of endothelial cells. The greater "stiffness" of

endothelial 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 . This condition could in turn induce microvascular

remodeling and a systemic proinflammatory state leading to microvascular endothelial inflammation, anatomical

remodeling and functional abnormalities, as shown in animal models . The presence of a pro-inflammatory state

involving the endothelium due to an excessive intake of salt has been demonstrated in several studies performed on

rodents  and on humans . 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 by

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 . 

3. Sugar and Pathogenesis of Arterial Hypertension

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 should 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, have also to be

considered. For clarity, all these aspects will be dealt with separately. 

3.1. Free Sugars

In our diet, free sugars, mainly consumed through the intake of sugary drinks (SSB), cause a high calorie intake, both in

adults and children, thus favoring the development of excess weight . This has been demonstrated both in  adolescents

, and children  In particular, obesity appears to be the major risk factor for primary arterial hypertension in children

. 

3.2. Fructose

After intestinal absorption, fructose can enter to the liver cells without any control and this 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, fructose, in addition to inducing insulin resistance, also

determines resistance to leptin  Both conditions inhibit the center of satiety, stimulate food intake , favoring the onset of
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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 . There is also an interaction

between salt and fructose, because the latter may favor the reabsorption of sodium both in the kidney  and in the

intestine , especially when associated with a high salt diet . Finally, it has been suggested that continued

consumption of fructose would lead to kidney damage  which, over time, could favor an increase in blood pressure.

Figure 2.  Metabolic pathways of fructose. AMP: adenosine monophosphate, ADP: adenosine diphosphate, ATP:

adenosine triphosphate, CO2: carbon dioxide, CoA: coenzyme A, P: phosphate.

3.3. Uric Acid

A large number of studies, both experimental and clinical, have shown an association between uric acid values and

arterial hypertension in children. The main cause of increased uricemia in children is excessive consumption of fructose,

in particular through SSBs. Uric acid increases oxidative stress  the production of tumor necrosis factor, interleukin 6

and other chemokines, stimulating inflammatory processes especially at the vascular level . In addition, uric acid

increases insulin resistance , favoring the onset of those alterations that characterize the metabolic syndrome,

including arterial hypertension. 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 .

3. 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 . Moreover, a reduction in salt intake causes a decrease in blood pressure

and these data  provide strong support for the importance of a reduction in salt dietary intake in pediatric age . Since

blood pressure tracks from childhood to adulthood, these findings suggest that the reduction of sodium intake during

childhood and adolescence could lower blood pressure and prevent the development of hypertension later on in life.

Correra-Costa et al. confirmed that the increase in salt consumption leads to an increase in daytime SBP and DBP

assessed by 24-hour pressure monitoring . 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 . 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 .Not only salt intake, but also high sugar intake is related to an increase of 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),  and serum uric acid values.  In a recent meta-analysis, which included

14 studies performed in children and adolescents, high consumption of SSBs was associated with a significant  increase

in SBP. Important consumers of SSBs were also more likely to develop hypertension than more modest users .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 . In a meta-analysis that included

18 prospective studies, the presence of hyperuricemia was associated with a 40% increased risk of incident

hypertension . Nguyen et al. have highlighted the link between SSBs, uric acid and blood pressure in a population of

adolescents .
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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. These findings suggest that if salt

intake in children is reduced there may be a reduction also 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 . 

4. 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 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 and in particular fructose in children.
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