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Salt intake and eating habits of school-aged children

Yuko Ohta1,2, Keiko Iwayama3, Hirotoshi Suzuki3, Satoko Sakata4, Shinichiro Hayashi2, Yoshio Iwashima2,
Akira Takata5 and Yuhei Kawano2,6

Salt restriction is important for the prevention and treatment of hypertension; however, salt consumption is still high in Japan.

Improvements in dietary habits, including salt reduction in childhood, may contribute to the prevention of hypertension. The aim

of the present study was to investigate the salt intake of school-aged children and the relationship between their diet diary and

actual salt intake. The subjects comprised 580 schoolchildren (471 elementary school pupils and 109 junior high school pupils)

who wanted to evaluate their salt intake in Kuji, a northeast coastal area in Japan. We estimated salt intake using spot urine

samples and a formula. Lifestyle was assessed using a questionnaire. We also evaluated the salt intake and the lifestyles of 440

parents. The estimated salt intakes of elementary school pupils, junior high school pupils and their parents were 7.1±1.5,

7.6±1.5 and 8.0±1.7 g per day, respectively. The proportion of lower-grade children who achieved the recommended salt

intake was low. In the multivariate analysis, the estimated salt intake of school-aged children correlated with their age,

estimated salt intake of their parents and the menu priorities of the household. The estimated salt intake of the parents was

associated with female gender, obesity, age and the habitual consumption of bread and noodles. In conclusion, the estimated

salt intake of school-aged children positively correlated with the estimated salt intake of their parents, and the proportion of

lower-grade children who achieved the recommended salt intake was low. Guidance on salt restriction for children and their

parents may reduce the salt intake of school-aged children.
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INTRODUCTION

Salt restriction is important for the prevention and treatment of
hypertension.1 Although salt intake has gradually been decreasing in
Japan,2 the proportion of those achieving the recommended salt intake
is still low. High blood pressure (BP) is a major cause of cardiovas-
cular disease in adults; however, its origins commonly begin in
childhood.3,4 In children, excessive salt intake by overeating or
consuming fast food has also been reported.5,6

The mortality rate of strokes in adults was previously shown to be
high, and there are many obese children in the Kuji area of
northeastern Japan.7,8 If interventions to lower BP levels are initiated
in children, then the development of high BP may be suppressed.
Therefore, improvements in dietary habits, including salt reduction in
childhood, are considered important for the prevention of hyperten-
sion. The aim of the present study was to investigate the salt intake of
school-aged children and the relationship between the diet diary and
actual salt intake in the Kuji area.

SUBJECTS AND METHODS
We obtained approval from the Board of Education and showed a document of
the investigation contents to the parents of children who attended elementary

and junior high schools managed by Kuji health center, a northeast coastal area
in Iwate prefecture. The subjects comprised 580 schoolchildren (471 elementary
school pupils and 109 junior high school pupils; 298 males and 282 females;
average age 9.6± 2.4 years) who wanted to participate in this investigation. We
estimated salt intake using spot urine samples and by asking their parents to fill
out a questionnaire about their children’s lifestyles regarding dietary habits
(Table 1). We also evaluated the salt intake of 440 parents (138 males and 302
females; mean age 40.0± 6.7 years) and assessed their lifestyles using a self-
administered questionnaire.
We estimated 24-h salt excretion by measuring sodium (Na) and creatinine

(Cr) concentrations and by calculating it from a formula. This method is
practiced at general medical facilities and is also the method for evaluating salt
intake recommended by the Salt Reduction Committee of the Japanese Society
of Hypertension.9 The reliability of the estimated 24-h salt excretion has been
improved by incorporating estimated 24-h urinary Cr excretion based on age,
height and body weight in the following formula: estimated salt intake
(g per day) = {21.98× (Na concentration in a spot urine sample
(mEq l− 1)/Cr concentration in a spot urine sample (mEq l− 1)) × (−2.04× age
+14.89×body weight (kg)+16.14×height (cm)− 2244.45)}0.392 × 0.0585.
We defined estimated 24-h urinary Cr excretion as 400 mg per day
(6–7 years old), 580 mg per day (8–12 years old) and 1000 mg per day
(13 years old) according to the findings of a study that reported 24-h urine
collection from children.10
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The protocol was explained in detail, and informed consent was obtained
from each subject. This study was performed in accordance with institutional
guidelines and approved by the Ethical Committee of the National Cerebral and
Cardiovascular Center.

Statistical analysis
Values are presented as mean± s.d. Student’s t-test and χ2 test were utilized
where appropriate. The P-values of o0.05 were considered significant. All
calculations were performed using a standard statistical package (JMP 10; SAS
Institute, Cary, NC, USA).

RESULTS

As shown in Figure 1, the estimated salt intake of all school-aged
children was widely distributed and average estimated salt intake was
7.2± 1.5 g per day. The estimated salt intakes of male pupils and
female pupils were 7.2± 1.5 and 7.1± 1.4 g per day, respectively
(Figure 2a). The estimated salt intake of junior high school pupils was
higher than that of elementary school pupils (7.6± 1.5 vs. 7.1± 1.5 g
per day, respectively; Po0.01; Figure 2b).
The target salt intake proposed by the Ministry of Health, Labour

and Welfare in Japan is presented in Table 2.11 The estimated salt

intakes of male pupils and female pupils in each age are shown in
Figure 3. The proportion of lower-grade children who achieved the
recommended salt intake was significantly lower than that of higher-
grade male children (37.7% (6–7 years) vs. 76.7% (10–11 years) vs.
90.3% (over 12 years); 39.7% (8–9 years) vs. 76.7% (10–11 years) vs.

Table 1 Questionnaire about children’s lifestyles regarding dietary habits

Breakfast Frequency everyday sometimes seldom

People who cook mother grandmother others

Contents of meal Japanese Western others

Lunch Frequency everyday sometimes seldom

People who cook mother grandmother others

Eating place home school others

Dinner Frequency everyday sometimes seldom

People who cook mother grandmother others

Eating place home school others

Snacks Frequency everyday sometimes seldom none

Kind commercially available handmade others

Sweet candy twice/day≤ 1/day sometimes none

Sweet drinks twice/day≤ 1/day sometimes none

Vegetables twice/day≤ 1/day sometimes none

Fruit twice/day≤ 1/day sometimes none

Noodles twice/day≤ 1/day sometimes none

Junk food twice/day≤ 1/day sometimes none

Retort everyday sometimes none

Commercially available side dishes twice/day≤ 1/day sometimes none

Eating out twice/day≤ 1/day sometimes none

Seasoning of eating out rich taste similar bland taste

Priority of menu preference nutritional balance variety cooking time additive household others

Seasoning of meals try bland taste dislike of light tastes not particularly thinking
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Figure 1 Estimated salt intake of all school-aged children (N=580).
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90.3% (over 12 years), Po0.01, 76.7% (10–11 years) vs. 90.3% (over
12 years), Po0.05) and female children (37.5% (8–9 years) vs. 56.3%
(10–11 years) vs. 55.1% (over 12 years), Po0.05). The proportion in

male pupils was significantly higher than that in female pupils (10–11
years: 76.7% vs. 56.3%, respectively; over 12 years: 90.3% vs. 55.1%,
respectively; all Po0.01). On the other hand, the proportion of lower-
grade children who achieved the recommendations from the US
Dietary Reference Intakes of the Food and Nutrition Board of the
Institute of Medicine (4–8 years;o4.85 g per day, 9–13 years;o5.61 g
per day, 14 years; o5.87 g per day)12 was low (6.6% (4–8 years),
12.4% (9–13 years), 15.2% (14 years)) compared with that of higher-
grade children, as well as those who achieved the Japanese
recommendations.
In the multivariate analysis, the estimated salt intake of the school-

aged children correlated with their age and the estimated salt intake of
their parents (Table 3). Factors in the questionnaire that contributed
to the estimated salt intake of school-aged children differed between
elementary school pupils and junior high school pupils and between
males and females (Table 4).
The average estimated salt intake of the children’s parents was

8.0± 1.7 g per day. The estimated salt intake of mothers was higher
than that of fathers (8.3± 1.7 vs. 7.4± 1.6 g per day, respectively;
Po0.01). The estimated salt intakes of normotensive fathers, normo-
tensive mothers and hypertensive parents are shown in Figure 4; the
proportion of each group that achieved the recommended salt intake
was 89.3% (o9 g per day), 31.8% (o7.5 g per day) and 8.9% (o6 g
per day), respectively. However, the proportion of parents who
achieved the World Health Organization (WHO) criteria (o5 g
per day)13 was only 0.9%. The estimated salt intake of parents
negatively correlated with smoking and positively correlated with the
female gender, body mass index, age and the habitual intake of bread
and noodles (Table 5).

DISCUSSION

The present study showed that the proportion of lower-grade school-
aged children who achieved the recommended salt intake was low, and
the estimated salt intake of children positively correlated with their age
and the estimated salt intake of their parents.
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Figure 2 (a) Comparison of estimated salt intake between male and female
pupils. (b) Comparison of estimated salt intake between elementary and
junior high school pupils.

Table 2 Salt intake target9

Salt intake criteria Males Females

12 Years old o9 g per day o7.5 g per day

10–11 Years old o8 g per day o7.5 g per day

8–9 Years old o7 g per day o7 g per day

6–7 Years old o6 g per day o6 g per day

3–5 Years old o5 g per day o5 g per day

1–2 Years old o4 g per day o4 g per day

6-7 years 8-9 years

10-11 years 12- years
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Figure 3 Estimated salt intake of school-aged children by age group.
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High salt intake is associated with obesity and high BP in
children.14–16 The estimated salt intake of junior high school pupils
was higher than that of elementary school pupils in the present study.
This may be because of differences in overall energy expenditure and,
thus, caloric intake, as our results showed that salt intake increased

with age, agreeing with the findings of a study conducted in South
London.10 In the present study, the estimated salt intake of school-
aged children exceeded the recommended amounts, similar to other
Westernized societies,10,17,18 and the proportion of lower-grade
children who achieved the recommended salt intake was low. The
results were similar even for the US recommendations that are stricter
than Japanese criteria. A previous study reported that salt intake was
higher in children who had older siblings than first-born children;19

however, we did not assess the siblings of our subjects. In addition, the
proportions of fathers and male pupils who achieved the recom-
mended salt intake were high compared with their female counter-
parts. We had previously reported that the proportion of female adults
in the same area who achieved the recommended salt intake was low
compared with that of male adults.20 This may be because of a feature
of that area and the low target value of females compared with males.
The estimated salt intake of all school-aged children correlated

more strongly with the menu priorities of the household than with
snacks in the present study. Salt intake was previously reported to be
high in children who consumed more soft drinks or snacks.16,19,21

However, the estimated salt intake of female pupils was negatively
associated with sweet drinks in the present study. An assessment of the
eating frequency was included in our questionnaire; however, we

Table 3 Clinical factors contributing to estimated salt intake of

school-aged children: multivariate analysis

Partial r P-value

Estimated salt intake of parents 0.190 o0.001

Age of school-aged children 0.249 o0.001

Age of parents −0.256 0.146

Table 4 Questionnaire factors contributing to estimated salt intake of

school-aged children: multivariate analysis

Subjects Factors Partial r P-value

All Menu priorities of the household 0.111 0.014

Snacks −0.137 0.071

Male Snacks −0.120 0.055

Dislike of light tastes 0.170 0.054

Female Not specifically contemplating the

seasoning of meals

0.142 0.028

Sweet drinks −0.204 0.024

Breakfast 0.253 0.019

Variety of food −0.292 0.021

Balance of food nutrition −0.318 0.044

Elementary school Menu priorities of the household 0.122 0.014

Junior high school Commercially available side dishes −0.290 0.007

Eating out (including commercially

available lunch deliveries)

0.378 0.020

Vegetables 0.433 0.036
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Figure 4 (a) Estimated salt intake of normotensive male parents. (b) Estimated salt intake of normotensive female parents. (c) Estimated salt intake of
hypertensive parents.

Table 5 Clinical and questionnaire factors contributing to estimated

salt intake of parents: multivariate analysis

Partial r P-value

Females 0.241 o0.001

Body mass index 0.335 o0.001

Age 0.364 o0.001

Smoking −0.379 0.009

Consciousness of salt restriction 0.391 0.018

Bread and noodles 0.401 0.023
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could not evaluate the details of dish types and amounts. The salt
content of cooking at home might be higher than that commercially
available, or the awareness of food intake might be low.
A high salt intake has been suggested to suppress salt taste

receptors,22 and the salt intake of children has not been related to
the child’s own salty taste preference but to the salt intake behavior
observed by their mother.23 Lifestyle changes in school-aged children
through school-based interventions have been reported.24,25 In salt
restriction education for children, the role of not only the school
system but also their parents appeared to be important. In the present
study, the estimated salt intake of school-aged children correlated with
the estimated salt intake of their parents and the menu priorities of the
household. Thus, parents need to restrict their own salt intake and
change the menu priorities of the household in order to restrict salt
intake by their children.
In the present study, the proportions of mothers and hypertensive

parents who achieved the WHO and the Japanese recommended salt
intakes were low. In addition, the estimated salt intake of parents was
positively associated with body mass index, the habitual intake of
bread and noodles and the consciousness of salt restriction and was
negatively associated with smoking. We previously reported that
patients with a metabolic syndrome had higher salt intakes,26 and
body weight was a major determinant factor of salt intake.27 The
effectiveness of salt reductions and weight loss in the treatment of
hypertension was also confirmed by the TONE study.28 Thus, caloric
restriction leads not only to reductions in body weight but also in salt
intake and may contribute to improved BP control. The reason for the
negative relationship between the salt intake of parents and smoking is
unknown; however, the positive relationship between the salt intake of
parents and the consciousness of salt restriction seems to indicate that
the awareness of salt restriction may not lead to an actual reduction in
salt intake, as reported previously.29

There were several limitations in this study. The subjects were not
randomly recruited in this investigation, and the present investigation
was conducted in Kuji, located in northeastern Japan. Therefore, the
results obtained may not be representative of general school-aged
children in Japan. Furthermore, we estimated salt intake by using spot
urine samples. Spot urine sampling is inferior to 24-h urine collection
in the assessment of salt intake. However, the reliability of spot urine
methods has been improved using a formula that incorporated
estimated 24-h urinary Cr excretion based on age, height and body
weight.9 We defined estimated 24-h urinary Cr excretion according to
the findings of 24-h urine collection in children.10 In addition, urinary
Na excretion and salt intake in children are known to show wide
intraindividual and interindividual variations.14 A single urine collec-
tion may not be sufficient to accurately assess the salt intake of
individuals. The final limitation is the lack of data on BP in the present
study. Further studies are required to validate the estimated daily salt
intakes and to elucidate the relationship between actual salt intake and
BP in school-aged children.
In conclusion, the estimated salt intake of school-aged children

positively correlated with the estimated salt intake of their parents, and
the proportion of lower-grade children who achieved the recom-
mended salt intake was low. Guidance on salt restriction for children
and their parents may reduce the salt intake of school-aged children.
A reduction in salt intake among children was previously reported to
result in a decrease in BP.21,30 Therefore, salt reductions in school-
aged children will lessen the subsequent rise in BP with age and may
reduce cardiovascular disease events in adulthood.
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