
It is well known among the adult population that a high salt intake is associated with high blood pressure, and that people with high blood pressure are three times more likely to develop heart disease and strokes. There is now evidence to show that a high salt intake in children also influences blood pressure and may predispose an individual to the development of a number of diseases including: High Blood Pressure, Osteoporosis, Respiratory Illness, Stomach Cancer, Obesity.
The estimated amount of salt consumed by children

Although current salt intake in children is largely unknown, it is thought that children in many countries have a very high salt intake. For example, in the UK it is estimated that most children consume at least twice as much salt per day as necessary. 

Methods used to estimate dietary salt intake in children, include; food diaries[1], spot urinary sodium/creatinine ratio[2, 3] and overnight urinary sodium excretion[4-6]. However, it has been shown that none of these methods are reliable, and the only accurate method is to measure urinary sodium from complete 24-hour urine collection[7]. 

There is only one small study in the UK that has measured 24-hour urinary sodium in school children[8], to assess children’s salt intake. The study was done in 1986 and showed that the average salt intake in children aged 4 – 6 years was 3.8 gram/day of salt, which if expressed for adults on weight basis, is equivalent to 15 to 20 grams/day of salt. This was at a time when consumption of processed foods by children was not high.  Since then, salt intake in children in developed countries is likely to have increased due to the increasing consumption of processed, takeaway, restaurant and fast foods. Surveys in the USA showed that the proportion of foods that children consumed from restaurants and fast food outlets increased by nearly 300% between 1977 and 1996[9].  Snack food consumption showed trends similar to those of fast food consumption. Restaurant foods, fast foods and snacks are generally very high in salt.
The most recent National Diet and Nutrition Survey (NDNS) in young people in Great Britain was carried out in 1997, and measured salt intake using 7-day dietary record in 856 boys and 845 girls[10].  The average salt intake, at the age of 4-6 years, was 5.2 gram/day for boys and 4.6 gram/day for girls. With increasing age, there was an increase in salt intake, and by the age of 15-18 years, salt intake was 8.2 and 5.7 gram/day for boys and girls respectively. However, these intakes considerably underestimated the actual amount of salt consumed by the children, as they did not include salt added in cooking or salt added at the table. Additionally, the 7-day dietary record is well-known to have a tendency to underestimate food intake[11-14], which would lead to a further under-estimation of dietary salt intake. Since this survey was carried out salt intake in children and adolescents is likely to have increased further due to a greater consumption of highly salty foods since this survey was conducted. It is now likely that salt intake in children from the age of 4 onwards is the same as in adults, i.e. 9-10g a day. 

A group of researchers in the Netherlands measured 24-hour urinary sodium excretion in 45, 5-10 year old children between 1993-1995 and 142, 5-10 year old children in 2003-2005. Their data show that salt intake has increased by more than 50% over the last 10 years[15]. 

In the UK, SACN (Scientific Advisory Committee on Nutrition), in 2003 set up target levels of salt intake for children[16] (Table 1). These recommendations are not ideal, and are far higher than what a child’s maximum intake should be to meet their physiological requirements, but due to children’s current high salt intake are based on what is feasible, and what is achievable.

Table 1. SACN recommendations for children

	Age
	Target Average Salt Intake (g/day)

	0-6 months
	<1g/d

	7-12 months
	1 g/d

	1-3 years
	2 g/d

	4- 6 years
	3 g/d

	7-10 years
	5 g/d

	11-14 years
	6 g/d


The harmful effect of salt on children’s health
Children's diets can have a direct impact on the development of risk factors (obesity, high blood cholesterol and high blood pressure) which can lead to heart disease and strokes in later adult life. Furthermore, there is evidence that dietary habits in childhood and adolescence also influence eating patterns in later life. The liking for salt and salty foods is a learned taste preference and the recommendation that the adult population reduce their sodium intake will be more successful if children do not develop a liking for salt in the fist place. This can only be achieved if children are given a diet which is low in salt.

As well as laying down the foundations of a healthy diet, there are other reasons why children should restrict the salt in their diet:

Salt and blood pressure
It is well known among the adult population that high levels of salt intake is associated with hypertension, and that people with high blood pressure are three times more likely to develop heart disease and strokes. There is also plenty of evidence to show  that salt intake in childhood is linked to blood pressure and that a modest reduction in salt intake to the current recommendations appropriate to the child’s age will result in a fall in blood pressure, and may reduce the rise in blood pressure that occurs with age. In the long-term this will cause a reduction in the number of people with hypertension which in turn will cause a significant decrease in the number of people affected by cardiovascular disease. 
Summary of studies linking salt intake to blood pressure in children
Epidemiological studies have shown that those individuals with a higher salt intake have a higher blood pressure. For example:

· The NDNS showed that use of salt at the table for both boys and girls and the use of salt in cooking for girls was associated with increased systolic blood pressure[10].

· In a Swedish study, diastolic blood pressure in a total of 738 children at 4, 8 and 13 years old were related positively to sodium intakes at 8 yrs (but not in the other two age groups)[17].

· In a Dutch study blood pressures of over 200 children (mean age 13 years) were measured, then re-measured yearly over six years; also urinary sodium and potassium concentrations were measured. Children with a larger rise in blood pressure had lower urinary potassium, or higher urinary sodium/potassium ratios[18]. This suggests that both dietary potassium and dietary sodium are related to the rise in blood pressure in childhood and may be important in the early pathogenesis of primary hypertension.
Controlled trials demonstrate that a reduction in salt intake does lower blood pressure in children. For example, the first ever meta-analysis of controlled salt reduction trials in children, demonstrates that reducing children’s salt intake by half results in immediate falls (1.2 mmHg systolic and 1.3 mmHg diastolic in children 8-16yrs of age and 2.5 mmHg systolic in babies) in blood pressure. The meta-analysis looks at the combined results of ten trials studying a total of 966 children and adolescents aged between 8 and 16, and three trials studying a total of 551 infants[19]. These reductions are extremely significant at a population level. For example, previous studies have suggested that a 2-3mmHg reduction in systolic blood pressure across the whole UK population would confer more benefit than all of the blood pressure treatment tablets that are currently being prescribed[20]. 
There is also evidence from studies in both children and animals to suggest that we should be thinking about restricting salt intake very early on in the development of an infant. Research implies that exposure to increased dietary sodium in early life may programme the development of higher blood pressure later in life. One study examined the effect of dietary sodium on blood pressure in 476 newborns. The infants were assigned to receive either a low sodium diet or a normal sodium diet for the first 6 months of life. At 6 months infants fed the low sodium diet had a 2.1 mmHg lower systolic pressure than infants fed the normal sodium diet[21]. Thirty-five percent of these individuals were followed up 15 years later. It was found that blood pressure was significantly lower in the individuals who had received the low sodium diet in the first 6 months of life[22].
Salt in Children and Osteoporosis
Evidence from animal, clinical and epidemiological studies suggests that high blood pressure is associated with abnormalities of calcium metabolism, predisposing an individual to osteoporosis and kidney stones. These abnormalities can be detected in children and seem to continue to adult life. A high salt intake is known to aggravate these abnormalities and their consequences thus predisposing the individual to an higher risk of osteoporosis[23].

A recent study carried out in both black and white adolescents showed that sodium intake was an important determinant of urinary calcium excretion in both races and would serve to support the hypothesis linking a high salt intake to osteoporosis. In this study a high sodium diet significantly reduced calcium retention in both blacks and whites, although to a lesser extent in black females[24].
Furthermore, there is evidence that at the time when girls are reaching puberty and stocking up bone to reach their peak bone mass (pbm), their diet is deficient in potassium and calcium[10]. Coupled with the high salt intake of this age group, you have many of the elements which lead to a lower pbm being achieved, which later in life predisposes that individual to an increased risk of osteoporosis.
Salt and respiratory illness
The incidence of asthma is rising. Although it seems that, while salt is not a direct cause of asthma, a high salt diet, eaten by many children can act as a major aggravating factor. One study in the 1980s has shown that regions of England and Wales that have the highest sales of table salt also have the greatest numbers of deaths from asthma in children[25]. Another study among 2593 children found that personal table salt use was strongly related to coughing, phlegm and wheezing and wheezing after exercise. These associations were mainly found in boys[26]. Bronchial reactivity is linked to sodium balance. It has been shown that a reduction in salt intake is associated with a reduction in the consumption of bronchodilators, higher peak flow and improved symptoms[27]. 
Salt intake and stomach cancer
Salt intake is closely related to cancer of the stomach[28] and is likely to be an important pre-disposing cause. Salt in the concentration found in many processed or instant foods, eg instant soups, soya sauce, is a profound gastric irritant. It is proposed that a high salt intake strips the lining of the stomach and may pre-dispose the individual to H-pylori infection[29], both of which are risk factors for stomach cancer. For example, a group of researchers conducted a population-based prospective study in Japan. A total of 18 684 men and 20 381 women aged 40–59 years who reported their dietary habits were followed from 1990 to 2001. In this 11 year time period a total of 486 people (358 men and 128 women), were diagnosed with stomach cancer. Although the trend was not clear in women salt intake was dose-dependently associated with stomach cancer risk in men[30].
The findings from studies in adults, showing that a high salt intake is a risk factor for stomach cancer, would suggest that if an individual has a high salt intake early in life and throughout the rest of their life this will predispose the individual to stomach cancer later in life. 
Obesity
Research has shown that the current high salt diet of around 10g a day causes an increase fluid consumption of 350 mls per day than if the recommended lower salt diet of 5g/day was consumed[31]. It is known that, particularly among children, a large proportion of their fluid intake comes in the form of soft drinks (It is a known fact that 25% of fluid intake in the UK is made up of soft drinks). This increased soft drinks consumption amongst children has an influence on the rising incidence of obesity and on tooth decay in children.

Furthermore, a high salt intake makes children thirstier and while in school, it has been shown that children do not always drink enough fluid to keep their concentration going and protect their kidneys from disease.
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