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Abstract
The objectives of this study were to estimate sodium intake and to identify
the main dietary sources of this nutrient in young people. Cross-sectional
study performed in 2685 students from 64 schools and high-schools of Costa
Rica. A food frequency survey was applied to study the food and beverage intake habits of the participants. The average daily sodium intake for children
and adolescents 7 to 18 years of age was 3214 mg. Around 97% of the students had sodium intakes > 2300 mg per day with significant differences by
age subgroup, sex and nutritional status due to excess body weight (p <
0.001). The average sodium density of the diet was 1698 mg sodium/1000kcal,
and the average addition of salt to the food was 445 mg of sodium (1.1 grams
of salt). Including the amount added to the served food, the average sodium
intake for children and adolescents from 7 to 18 years of age increased to
3434 mg and the overall average sodium density increased to 1821 mg of sodium/1000kcal, maintaining significant differences by age subgroups (p <
0.001). These results justify carrying out social marketing campaigns that include educational processes with sense and meaning for children, adolescents
and families, in such a way that these groups of the population become motivated to modify gradually their eating habits, such as reducing the use of
sauces, seasonings and salt in food preparation and at the table. If the habit of
adding salt to the served food is gradually reduced or avoided, the children
and adolescents in Costa Rica could decrease the intake of salt per day from 1
to 2 grams. This decrease could be even more effective if youngsters additionally would remove the intake of sauces, contributing in this way to achieve the
maximum salt intake recommendation (5 g per day).
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1. Introduction
In Costa Rica, there are no data on sodium intake in children and teenagers or
on the prevalence of high blood pressure in these populations. Scientific literature shows that about 90% of the American population with ages from 6 to 18
years consumes excess of sodium in the diet [1] and that approximately 11% of
youth from 8 to 17 years old have blood pressure above the normal range for
their age, sex and height [2], which increases the risk of high blood pressure in
adulthood [3].
However, it is known that a decrease in sodium intake can reduce blood pressure in young people and adults [4], so first is essential to know the intake of this
nutrient among children and teenagers and second, if it is excessive, reducing,
since taste preferences acquired during childhood can influence dietary preferences in adulthood [5].
There are no internationally available data on the sodium requirement for
children and teenagers. Their reference values are based on the collected values
for adults and taking into consideration the differences in body weight and
growth factors. As reported by the Institute of Medicine [6], these factors are
calculated according to the proportional increase in the protein requirement for
growth and maintenance [7].
The study by Strohm et al. (2018) [7] estimated the values for sodium intake
in children and teenagers based on the reference values proposed by the German
Nutrition Society, the Austrian Nutrition Society and the Swiss Nutrition Society
[8]. The results of this investigation [7] reported between 400 mg sodium/day
and 1500 mg/day (for teenagers from 15 years old and under 19 years old).
Furthermore, the 2015-2020 US Dietary Guidelines recommend that Americans consume < 2300 mg of sodium per day and suggest further limiting sodium
intake for younger subgroups [9]. The Institute of Medicine indicates that the
tolerable upper intake level for sodium is 1900 mg/day for children from 4 to 8
years old; 2200 mg/day for children aged 9 to 13 years old and 2300 mg/day for
those aged 14 years and older [6].
This is a pioneer study in Costa Rica for sodium intake estimation and in determining the groups and types of foods that most contribute to this intake in
children and teenagers. These results can help to understand in a better way the
national problem in these populations in order to define interventions that seek
to effectively reduce excessive consumption of salt/sodium in children and teenagers, considering different food groups and age groups [10]. In addition, this
research examined daily calorie intake, sodium intake and sodium density (milligrams of sodium per 1000 kcal), evidence that can be helpful for policymakers
DOI: 10.4236/fns.2020.1110065

920

Food and Nutrition Sciences

H. Núñez-Rivas et al.

and food industry by distinguishing or recognizing differences in sodium intake
and sources among the young Costa Rican population according to subgroups of
age, sex, socioeconomic status and nutritional status due to excess body weight.

2. Methodological Framework
A cross-sectional study was performed in a population of 2685 students from 24
elementary-middle schools and 40 high schools (private and public) of Costa
Rica with a daytime schedule in 2016. The proportion estimation formula was
used with a 95% confidence interval and a standard error of 3%. In each educational center a total of 40 children and adolescents were randomly selected using
age (7 to 18 years) as the only inclusion criteria. Exclusion criteria included: incomplete participant information, inability to read and write, history of eating
disorders, celiac disease or diabetes mellitus and alcohol or illicit drug dependence.
Sociodemographic data: sex, age and socioeconomic status of the students
were determined according to the methodology described by Madrigal [11], for
which an index was built according to the possession of some specific material
goods at home.
Anthropometric data: weight was determined twice to all students using a
Tanita scale model SC-331S (without column) and height was determined using
a freely positioning stadiometer with a wall separator, SECA brand, model 217.
A third measurement was performed if a difference greater than 0.5 cm was noticed between the average of the two measurements. Body mass composition and
BMI were assessed using this Tanita. Body weight was measured with the subject
barefoot and in light clothing (shorts and T-shirt). Height was measured in an
upright position, back to the measuring rod with the internal malleoli together
and heels, buttocks, shoulders and posterior region of the head in contact with
the apparatus. The BMI (kg/m2) was estimated for each participant. Overweight
and obesity were defined according to WHO Child Growth Standards
Length/height-for-age, weight-for-age, weight-for-length, weight-for-height and
body mass index-for age and sex (BMI ≥ 85 percentile and <95 percentile for
overweight and BMI ≥ 95 percentile for obesity) [12] [13]. Comparative analysis
in groups was conducted based on standardized values with BMI categories
(with or without body excess).
Food data: a food frequency survey was designed and applied to study the
food and beverage intake habits of the participants. The questionnaire was
adapted from one previously validated [14] and used survey by this research
team and applied individually with the supervision of two nutritionists. Demographic and socioeconomic variables were also explored in this questionnaire.
Children who attended first, second and third year of school were interviewed.
This survey comprehended foods and dishes commonly consumed in Costa
Rica and an open section for students to include other foods not present in the
list. Students were encouraged to include and register the intake frequency of
DOI: 10.4236/fns.2020.1110065
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any other food not found in this survey. The result was a list of 120 foods including homemade and industrial products that are part of the Costa Rican diet
and the global habits of children and adolescents [15] [16]. For example, the intake of carbonated drinks, fast food, and hidden and added sodium dietary food
sources, visible fat and fried foods were investigated.
Estimation of the portion size of the food was established through the photographic manual of portions of foods and common preparations of Costa Rica
and the weight book of homemade measurements and portions of common
foods and preparations of Costa Rica, taking as reference the smallest portion of
each food registered by participants in the questionnaire to avoid overestimation
[17] [18].
Estimation of the sodium content of foods was carried out by four different
methods, with the aim of providing the best approximation of the consumption
of this nutrient in subjects from an early age. Method 1 or direct method, consisted of determining the amount of sodium in food commonly prepared in
Costa Rica through laboratory analysis carried out by Montero-Campos and
collaborators [19] [20]. The food analyzed by method 1 were the “casado” (typical Costa Rican dish of rice and beans with chicken, beef or pork), “gallo pinto”
(typical dish that combines rice and beans), sweet bread with filling, “empanada”, croissants, french fries, doraditas (fried corn snack), beef tacos, hamburger,
ham and cheese pizza, baguette bread with cheese, fried chicken, Cantonese rice,
rice with chicken, “corn tortilla” with cheese, “chorreadas” (sweet corn tortilla),
stuffed salad bread, hot dogs, mixed nachos and meat pot. These foods were assigned with the lower limit of sodium content according to what was reported by
Montero-Campos and collaborators. The energy contribution of the food was
estimated according to the calories reported in the Institute of Nutrition of Central America and Panama (INCAP) Food Composition Table for Central America [21], the commercial nutritional labeling of each processed or packaged
product and the USDA Food Composition Databases of the Department of
Agriculture of United States of America [22], depending on the availability of
data.
Method 2 or indirect method, consisted of determining the amount of sodium
present in food using the INCAP Food Composition Table for Central America
[21]. This Method 2 was applied to those foods that are not part of the Montero-Campos and collaborators.
Subsequently, those foods whose sodium content was not determined in any
of the methods mentioned before, the amount of sodium was calculated using
method 3, which consisted of taking the information from the commercial nutritional labeling. For each of the foods, its sodium content was estimated at 100
grams and according to the declared portions of the label and in the USDA Food
Composition Databases of the Department of Agriculture of the United States
[22].
The fourth method consisted of calculating the sodium and calorie content of
the recipe with the different ingredients (for example: plantain with cheese, cinDOI: 10.4236/fns.2020.1110065
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namon, margarine and sugar). The sodium content in each of the food ingredients was estimated, through standardized recipes established in the book of
weight of homemade measures and portions of common foods and preparations
in Costa Rica [18]. Finally, the sodium and calorie content of these recipes was
determined, based on what was reported in INCAP Food Composition Table for
Central America [21] or the USDA Food Composition Databases of the Department of Agriculture of the United States [22].
The formula used to estimate sodium was:
[(Serving size in grams) × (100 grams)/(Sodium content in 100 grams)]
The formula used to estimate calories was:
[(Serving size in grams) × (100 grams)/(Calorie content in 100 grams)]
To calculate the daily intake in grams, we multiplied the estimated number of
servings by the frequency factor. The frequency factors used were: 0 (Never),
0.036 (1 day a month), 0.142 (1 day a week); 0.285 (2 days a week); 0.428 (3 days
a week); 0.571 (4 days a week); 0.714 (5 days a week); 0.857 (6 days a week) and 1
(7 days a week).
With the purpose of estimating the amount of common salt that students add
to meals or foods (not for cooking), the average weight of common salt used for
this purpose was calculated. To do this, each student was asked whether adds salt
to the plate of an entire meal served or directly to specific foods. In Costa Rica it
is common to eat fruits (mango, pineapple), sour cream, and avocado, among
others, with added salt. In addition, the frequency of “pinches” of salt used was
asked, in case the student answered that they did add salt. It should be noted that
in Costa Rica, a “pinch” is the amount of salt that the person can trap between
the thumb and index fingers. About 200 pinches of refined salt from a sample of
students (50% of each sex) were weighed on an electronic scale (Kern brand)
weighing 620 grams maximum weight and 0.01 g minimum weight: 40 from 7 to
9 years old, 80 from 10 to 12 years old, 50 from 13 to 15 years old and 30 from 16
to 18 years old. Based on these weights, the average weight of a pinch was calculated, which turned out to be 0.359 grams of salt or 142 mg of sodium.
Also, each student was asked if they added sauces: soy, Salsa Lizano®, pink
(tomato and mayonnaise) and dressings to the served food such as Chinese food,
French fries, bread, among others and the frequency. The amounts of sauces and
dressings were not weighed; each portion was estimated according to the theoretical weight reported in the food composition databases consulted [21] and sodium estimated.
Statistical analysis: The variables of interest are described using the average
and standard deviation according to age groups, sex (girls and boys), socioeconomic and nutritional status (without and with excess body weight). Differences
between groups are explained using parametric or non-parametric tests depending on the normal distribution. Data defined by more than two categories
were tested using ANOVA or Kruskal-Wallis test depending on the distribution.
DOI: 10.4236/fns.2020.1110065
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3. Results
The different foods and beverages examined in this study were included and
classified into 25 groups, which are detailed in Table 1. The 25 groups are varied
with the purpose to estimate sodium intake in children and adolescents and determine the groups and types of foods that contribute most to sodium intake in
these populations.
Table 1. List of foods, beverages and preparations whose frequency were investigated by the national survey in the Costa Rican
children and adolescents aged 7 to 18 years.
Food groups

Foods, beverages and preparations

1) Meats with visible or fried fat, (fried chicken,
mainly) alone or in “casado” (dish of rice with Chicken, pork rinds, beef or pork ribs with bacon
beans) *
2) Soy or spices (Salsa Lizano®) sauces

Soy and spices sauces (Salsa Lizano®) among others

3) Fried prepared pastries and sandwiches

Puff pastry, “empanadas”, “churros”, among others

4) Fast foods

Ham and cheese pizza, hot dog, beef taco, fried chicken, Cantonese rice, rice with chicken,
cheese tortilla, “chorreadas”, hamburger, mixed nachos, Chinese food, among others

5) Tomato (ketchup) or pink sauce

Tomato or pink sauce (tomato sauce and mayonnaise mix)

6) Cereals and/or “gallo pinto”

Non-whole and whole grains: rice, barley, oats, breakfast cereals, “tortilla”, and breads, stuffed
salad bread, baguette bread with cheese, “gallo pinto”, among others

7) Salted seeds

Almonds, nuts, among others with added salt

8) Processed meats/sausages

Sausage, mortadella

9) Cookies and crackers?

Any cookie (stuffed or not)

10) Snacks in small packages

Roasted potatoes, fried plantains, among others

11) Popcorn

Popcorn of any kind, with salt

12) Ripe or creamy cheeses

Yellow cheese of any kind; ripe (not white or fresh), for melting or frying

13) Milk and derivatives

Skimmed or semi-skimmed milk, yogurt and fresh white cheese (not ripe or creamy); whole
milk and flavored milk

14) White meats (not fried)

Chicken, fish, tuna, “scrambled” (not fried)

15) Dressings

Mayonnaise, cream cheese, mustard, among others

16) Soups

Ready-made soups (instant) ready to heat and consume

17) Red meats and eggs (alone or in “casado” *) No visible fat: beef, pork, chicken egg
18) Legumes

Beans of any color, lentils, chickpeas, peas

19) Starchy vegetables and tropical roots

Potato, cassava, sweet potato, cocoyam, ñampí, among others

20) Sweets and creamy ice cream

Sweets, chocolates, creamy ice cream of any kind

21) Non-starchy vegetables

Carrot, cabbage, tomato, tender squash, lettuce, cucumber, among others

22) Fruits

Papaya, melon, watermelon, banana, guava, soursop, orange, tangerine, among others

23) Sport drinks

Sport drinks

24) Energy drinks

Energy drinks

25) Others drinks

Soda cola, soda citrus flavor, other carbonated drinks, concentrated juices powdered or packed
with added sugar, flavored water, beer, white or red wine or sparkling wine, whiskey, vodka,
rum, among others

* Traditional Costa Rica’s meal.
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The average daily sodium intake of children and adolescents (n = 2685) from
7 to 18 years old was 3214 mg, excluding the addition of common “pinches” or
discretionary salt to the plate served (at the table) or food. Around 97% of the
students had sodium intakes > 2300 mg per day. Sodium intake differed by age
subgroup (p < 0.001), sex (p < 0.001) and nutritional status due to excess body
weight (p < 0.001) (Table 2). No differences were observed in the daily sodium
intake average by socioeconomic status (Table 2).
The average daily energy intake of the study population was 1888 kcal and
differed by subgroup of age (p < 0.001), sex (p < 0.001), socioeconomic status (p
= 0.013) and nutritional status due to excess body weight (p < 0.001) (Table 2).
The sodium density average was 1698 mg of sodium/1000kcal with significant
differences by subgroups of age (p < 0.001), sex (p < 0.001), socioeconomic status (p = 0.021) and nutritional status due to excess body weight (p < 0.001)
(Table 2).
Table 2. Daily intake of sodium and energy, sodium density of the diet* by age group, sex, socioeconomic status, and nutritional
status: National survey, Costa Rican children and adolescents aged 7 to 18 years.
Variable

n

Mean sodium consumed
(mg/d ± standard deviation)

Mean energy consumed
(Kcal/d ± standard deviation)

Sodium density
(mg/1000 Kcal ± standard deviation)

Total

2685

3214 ± 809

1888 ± 402

1698 ± 168

Age group (y)

2685

7-9

361

2717± 519

1698 ± 307

1606 ± 160

10 - 12

1103

3334 ± 790

1915 ± 399

1738 ± 151

13 - 15

877

3232 ± 835

1908 ± 397

1687 ± 164

16 - 18

344

3305 ± 860

1955 ± 449

1693 ± 190

<0.001

<0.001

<0.001

p value
Sex

2685

Male

1265

3514 ± 864

2029 ± 404

1725 ± 165

Female

1420

2947 ± 649

1763 ± 355

1674 ± 167

<0.001

<0.001

<0.001

p value
Socioeconomic status (**) 2685
Low

754

3168 ± 760

1849 ± 376

1710 ± 164

Medium

1506

3223 ± 830

1899 ± 412

1693 ± 170

High

425

3266 ± 818

1923 ± 405

1694 ± 166

0.199

0.013

0.021

p value
Overweight/obese

2685

Yes

695

3917 ± 893

2264 ± 412

1726 ± 172

No

1990

2968 ± 610

1757 ± 303

1688 ± 165

<0.001

<0.001

<0.001

p value

(*) Without considering the addition of salt to the served plate or food. (**) Low, medium and high socioeconomic status was defined with an index built
according to the possession of some specific material goods at home. y: years; n: number of participants; d: day; p value significantly if lower than 0.05.
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The average of “pinches” of common salt added to the served plate (at the table) or food was 445 mg of sodium (1.1 grams of salt) with significant differences
by subgroups of age, with the lowest mean sodium consumed in the 10 to
12-year-old subgroup (408 mg/d) and the highest in the 16 to 18-year-old group
(554 mg/d); sex (481 mg/d in girls versus 402 mg/d in boys) and socioeconomic
status (mean sodium consumed is observed in ascending order as socioeconomic
status increases) (p < 0.001). No differences were observed in the average of
added pinches of salt by nutritional status (excess body weight) (Table 3). Including this amount of sodium added to the served plate (at the table) or food,
the average sodium intake for children and adolescents from 7 to 18 years old
increased to 3434 mg, with significant differences by subgroups of age, with the
lowest mean sodium consumed in the 7 to 9-year-old subgroup (2833 mg/d) and
the highest in the 16 to 18-year-old group (3603 mg/d); sex (3549 mg/d in girls
versus 2833 mg/d in boys) and socioeconomic (mean sodium consumed is observed in ascending order as socioeconomic status increases) and nutritional
status due to excess body weight (4126 mg/d in the subjects with overweight
versus 2833 mg/d in the participants without overweight) (p < 0.001) (Table 4)
and in general, the sodium density average increased to 1821 mg sodium/1000kcal, keeping significant differences by subgroups of age, with the
lowest mean sodium consumed in the 7 to 9-year-old subgroup (1678 mg/d) and
the highest in the 16 to 18-year-old group (1853 mg/d) (p < 0.001). No significant differences were observed in the sodium density average of the diet, considering the addition of salt by sex, socioeconomic and nutritional status (excess
body weight) (Table 4).
Regarding the addition of common salt to the served plate (at the table) or to
the foods, almost half of the total of the participating students (n = 1326, 49.4%)
reported adding at least one “pinch” of salt to their plate or fruits (mango, pineapple), sour cream, avocado, among others. Near 44.3% (n = 587) of these
1326 students reported that on a frequency of 1 to 2 days a week it is common to
add 1 “pinch” of salt to the served plate or food and 34.2% (n = 453) reported
that it is common to add from two to four “pinches” of salt on the same frequency (1 to 2 days a week); 6% (n = 80) said that on a frequency of 3 to 4 days a
week they usually add 1 “pinch” of salt to the plate served or food, and 15.5% (n
= 206) reported that they usually add two to four “pinches” of salt at the same
frequency (3 to 4 days a week) (data not shown in table).
The 10 main groups of food that contribute to sodium intake in children and
adolescents were: 1) Meats with visible or fried fat, alone or in “casado” (mainly
with fried chicken); 2) Soy or spices sauces (Salsa Lizano®); 3) Fried prepared
pastries and sandwiches; 4) Fast foods; 5) Tomato or pink sauce; 6) Cereals
and/or “gallo pinto”; 7) Salted seeds; 8) Processed meats/sausages; 9) Crackers,
cookies and 10) Snacks in small packages (Table 5). These 10 food groups contributed with near 63% of the sodium consumed by children and adolescents
from 7 to 18 years old and the remaining 37% came from the other 15 food
groups.
DOI: 10.4236/fns.2020.1110065
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In general, the first five food groups previously listed (meats with visible or
fried fat, alone or in “casado”—fried chicken, mainly—soy or spices (Lizano®)
sauces; fried prepared pastries and sandwiches; fast food, and tomato or pink
sauces—tomato sauce and mayonnaise mix) were the ones that contributed to
most of sodium intake (Table 5). Despite the similarities in the contributions of
the main food categories, the total contribution of sodium intake differed for
some food categories in the population subgroups. For example, among high
school adolescents from 13 - 18 years old (from 9.12 to 13.08); males (11.77); of
high socioeconomic status (9.85) and those who are not overweight (11.56), the
soy or spices (Salsa Lizano®) sauces are the first highest contributor of sodium,
but the second highest in all other age subgroups examined (9.69) and third
highest among those with excess weight (9.03).
Table 3. Mean (±standard deviation) daily sodium intake from the amount of salt added by age group: National survey, 1326
Costa Rican children and adolescents aged from 7 to 18 years, who used to add salt in serving meals and food.
Variable

n
(1326)

Proportion (%) of the participating
population (n 2685)

Sodium consumed
(mean mg/d ± SD) from added salt

Total

1326

49

445 ± 303

Age group (y)

1326

49

7-9

97

27

430 ± 253

10 - 12

581

52

408 ± 253

13 - 15

463

53

451 ± 301

16 - 18

185

54

554 ± 376

p value

<0.001

Sex

1326

49

Male

615

49

402 ± 255

Female

711

50

481 ± 325

p value

<0.001

Socioeconomic status

1326

49

Low

321

43

389 ± 264

Medium

787

52

461 ± 298

High

218

51

470 ± 329

p value

<0.001

Overweight/obese

1326

49

Yes

342

49

425 ± 271

No

984

49

452 ± 305

p value

<0.161

y: years; n: number of participants; d: day; mg: milligrams; p value significant if ≤0.05.
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Table 4. Comparison of daily sodium intake and sodium density, without and with the addition of salt to the served plate and
food by age group, sex, socioeconomic and nutritional status: National survey, Costa Rican children and adolescents aged 7 to 18
years.

Variable

n

Total

2685

Age group (y)

2685

7-9

Mean sodium consumed
(mg/d ± SD)

Sodium density
(mg/1000 Kcal ± SD)

Without adding salt to
With addition of salt to Without adding salt to With addition of salt to
the served dish and food the served dish and food the served dish and food the served dish and food
3214 ± 809

3434 ± 845

1698 ± 168

1821 ± 241

361

2717 ± 519

2833 ± 556

1606 ± 160

1678 ± 221

10 - 12

1103

3334 ± 790

3549 ± 807

1738 ± 151

1859 ± 220

13 - 15

877

3232 ± 835

3470 ± 851

1687 ± 164

1820 ± 234

16 - 18

344

3305 ± 860

3603 ± 933

1693 ± 190

1853 ± 286

<0.001

<0.001

<0.001

<0.001

p value
Sex

2685

Male

1265

2717 ± 519

2833 ± 556

1606 ± 160

1678 ± 221

Female

1420

3334 ± 790

3549 ± 807

1738 ± 151

1859 ± 220

<0.001

<0.001

<0.001

0.434

p value
Socioeconomic status

2685

Low

754

3168 ± 760

3334 ± 784

1710 ± 164

1805 ± 224

Medium

1506

3223 ± 830

3465 ± 874

1693 ± 170

1827 ± 252

High

425

3266 ± 818

3507 ± 835

1694 ± 166

1828 ± 232

0.199

<0.001

0.021

0.342

p value
Overweight/obese

2685

Yes

695

3917 ± 893

4126 ± 939

1725.5001 ± 171.57359

1821 ± 219

No

1990

2968 ± 610

3192 ± 656

1688.3086 ± 165.09752

1821 ± 249

<0.001

<0.001

<0.001

0.958

p value

y: years; n: number of participants; d: day; mg: milligrams; p value significant if lower than 0.05.

Table 5. Ranked population proportions of daily sodium consumeda by food category, age group, sex, socioeconomic and nutritional status: National survey, Costa Rican children and adolescents aged 7 to 18 years.
Rankb

1

Variable

7 - 18
years
overall

Meats with visible
or fried fat, alone
10.04 ±
or in “ casado”
4.79
(fried chicken,
mainly)

Age group (years)

Sex

Socioeconomic status

Overweight/obese

7-9

10 - 12

13 - 15

16 - 18

Male

Female

Low

Medium

High

Yes

No

11.45 ±
7.07

10.51 ±
3.85

8.98 ±
4.54

9.73 ±
4.60

9.56 ±
4.09

10.47 ±
5.31

10.44 ±
5.01

10.05 ±
4.76

9.26 ±
4.39

12.77 ±
2.58

9.09 ±
5.02

2

Soy or spices
(Lizano®) sauces

9.69 ±
7.74

6.63 ±
8.04

10.08 ±
7.78

9.12 ±
7.69

13.08 ±
5.72

11.77 ±
6.43

7.83 ±
8.32

10.01 ±
7.71

9.47 ±
7.78

9.85 ±
7.68

9.03±
7.74

11.56 ±
7.45

3

Fried prepared
pastries and
sandwiches

8.40 ±
2.79

8.54 ±
2.85

8.87 ±
3.26

8.05 ±
1.95

7.67 ±
2.69

7.04 ±
1.89

9.62 ±
2.92

8.21 ±
2.79

8.55 ±
2.82

8.27 ±
2.71

9.17 ±
1.86

8.14 ±
3.01
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Continued
4

5

6.86 ±
2.93

5.89 ±
3.46

7.45 ±
2.87

6.53 ±
2.54

6.86 ±
3.09

6.95 ±
2.94

6.79 ±
2.93

6.94 ±
2.99

6.77 ±
2.94

7.05 ±
2.81

5.99 ±
2.35

7.17 ±
3.06

Tomato or pink
sauces (tomato 6.62 ±
sauce and
1.73
mayonnaise mix)

7.72 ±
1.54

6.43 ±
1.73

6.70 ±
1.77

6.48 ±
1.67

6.41 ±
1.78

6.81 ±
1.66

6.60 ±
1.64

6.64 ±
1.78

6.63 ±
1.76

6.06 ±
1.62

6.82 ±
1.72

Fast foods

6

Cereals and/or
“gallo pinto”

6.12 ±
1.23

6.65 ±
1.04

5.93 ±
1.23

6.20 ±
1.27

5.98 ±
1.17

5.91 ±
1.28

6.31 ±
1.15

6.10 ±
1.13

6.14 ±
1.28

6.13 ±
1.26

5.56 ±
1.12

6.32 ±
1.21

7

Salted seeds

5.18 ±
3.61

6.96 ±
4.83

4.92 ±
2.56

4.74 ±
3.89

5.29 ±
3.69

4.26 ±
2.86

6.01 ±
3.99

5.67 ±
3.68

5.07 ±
3.63

4.75 ±
3.32

3.88 ±
3.12

5.64 ±
3.66

8

Processed
meats/sausages

4.82 ±
1.62

5.92 ±
2.22

4.76 ±
1.14

4.51 ±
1.68

4.63 ±
1.54

4.51 ±
1.35

5.10 ±
1.78

4.98 ±
1.65

4.82 ±
1.60

4.52 ±
1.56

5.12 ±
1.03

4.71 ±
1.77

9

Salty cookies

4.68 ±
2.11

3.83 ±
2.66

4.63 ±
1.71

4.92 ±
2.36

5.10 ±
1.69

5.10 ±
1.71

4.30 ±
2.35

4.53 ±
2.11

4.73 ±
2.11

4.77 ±
2.16

5.08 ±
1.03

4.54 ±
2.37

10

Snacks in small
packages

4.55
±0.96

5.29
±0.94

4.37
±0.90

4.53
±0.94

4.43
±0.90

4.16
±0.89

4.90
±0.89

4.60
±0.93

4.55
±0.99

4.83
±0.94

3.71
±0.75

4.85
±0.85

11

Popcorn

4.30 ±
2.38

2.66 ±
2.64

4.20 ±
2.11

5.03 ±
2.31

4.51 ±
2.18

4.07 ±
1.97

4.52 ±
2.67

4.04 ±
2.47

4.33 ±
2.36

4.72 ±
2.23

4.08 ±
1.94

4.38 ±
2.50

12

Ripe or creamy
cheeses

3.43 ±
1.32

3.42
1.92±

3.58 ±
1.33

3.32
±0.82

3.24 ±
1.47

3.73 ±
1.20

3.15 ±
1.36

3.50 ±
1.41

3.39 ±
1.31

3.44 ±
1.16

2.92 ±
1.21

3.60 ±
1.31

13

Milk and
derivatives

3.20 ±
2.91

3.95 ±
1.99

2.72 ±
2.92

3.43 ±
2.92

3.37 ±
3.32

3.46 ±
3.52

2.97 ±
2.19

2.74 ±
2.84

3.38 ±
2.95

3.38 ±
2.78

3.97 ±
4.49

2.93 ±
2.02

14

White meats

2.69 ±
2.02

2.91 ±
1.81

2.57 ±
2.22

2.91 ±
1.93

2.30 ±
1.64

3.71 ±
1.92

1.79 ±
1.64

2.80 ±
2.03

2.64 ±
2.00

2.68 ±
2.05

1.90 ±
2.70

2.63 ±
2.05

15

Dressings

2.51 ±
1.66

3.43 ±
1.93

2.14 ±
1.50

2.64 ±
1.62

2.38 ±
1.49

2.71 ±
1.55

2.32 ±
1.72

2.10 ±
1.58

2.63 ±
1.68

2.78 ±
1.56

2.02 ±
1.35

2.68 ±
1.71

16

Soups

2.38
±0.81

2.35
±0.74

2.35
±0.85

2.57
±0.74

2.15
±0.84

2.65
±0.58

2.14
±0.91

2.35
±0.81

2.37
±0.82

2.48
±0.78

2.06
±0.60

2.50
±0.85

17

Sport drinks

1.77 ±
1.66

1.12 ±
1.36

1.59 ±
1.43

2.09 ±
1.75

1.75 ±
2.21

2.20 ±
1.59

1.38 ±
1.62

1.78 ±
1.71

1.69 ±
1.60

2.02 ±
1.73

1.60 ±
1.41

1.83 ±
1.74

18

Others drinks

0.97
±0.75

1.19
±0.73

0.86
±0.79

1.00
±0.70

0.68
±0.97

0.84
±0.65

1.09
±0.84

0.95
±0.75

1.01
±0.75

0.90
±0.73

1.73
±0.63

0.71
±0.59

19

Red meats and
eggs (alone or in
“casado”)

0.67
±0.55

0.73
±0.44

0.46
±0.48

0.88
±0.61

0.73
±0.48

0.80
±0.59

0.55
±0.48

0.66
±0.53

0.67
±0.56

0.68
±0.59

0.79
±0.51

0.62
±0.56

20

Legumes

0.63 ±
0.37

0.65 ±
0.40

0.61 ±
0.35

0.59 ±
0.31

0.78 ±
0.47

0.79 ±
0.38

0.49 ±
0.30

0.57 ±
0.35

0.64 ±
0.37

0.69 ±
0.38

0.51 ±
0.30

0.67 ±
0.39

21

Starchy
vegetales

0.31 ±
0.24

0.39 ±
0.14

0.24 ±
0.29

0.24 ±
0.34

0.28 ±
0.31

0.34 ±
0.29

0.27 ±
0.17

0.28 ±
0.24

0.32 ±
0.24

0.31 ±
0.23

0.49 ±
0.34

0.24 ±
0.15

Sweets and
0.30 ±
creamy ice cream 0.16

0.34 ±
0.15

0.30 ±
0.18

0.30 ±
0.14

0.28 ±
0.16

0.23 ±
0.14

0.37 ±
0.15

0.30 ±
0.16

0.31 ±
0.16

0.30 ±
0.16

0.24 ±
0.12

0.33 ±
0.17

22
23

Non - starchy
vegetales

0.21 ±
0.16

0.30 ±
0.20

0.16 ±
0.13

0.26 ±
0.15

0.19 ±
0.14

0.24 ±
0.13

0.19 ±
0.18

0.19 ±
0.16

0.22 ±
0.16

0.23 ±
0.15

0.19 ±
0.13

0.22 ±
0.17

24

Fruits

0.08 ±
0.02

0.094 ±
0.018

0.08 ±
0.02

0.08 ±
0.03

0.07 ±
0.03

0.07 ±
0.02

0.08 ±
0.02

0.08 ±
0.02

0.08 ±
0.03

0.08 ±
0.02

0.06 ±
0.02

0.08 ±
0.20

25

Energy drinks

0.00 ±
0.00

0.00 ±
0.00

0.00 ±
0.00

0.00 ±
0.00

0.00 ±
0.00

0.00 ±
0.00

0.00 ±
0.00

0.00 ±
0.00

0.00 ±
0.00

0.00 ±
0.00

0.00 ±
0.00

0.00 ±
0.00

a The proportion (%) of sodium consumed is defined as the sum of the amount from each specific food category divided by the sum from all food categories
by 100. b Rank based on population proportions of sodium consumed for the overall Costa Rican students. Columns for other groups are ordered by this
ranking.
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In the case of women (9.62), as well as children from 7 to 9 years old (8.54)
and those who have excess weight (overweight or obese) (9.17), the second
highest contributor of sodium was the group of fried prepared pastries and
sandwiches. While this food group was the third highest contributor among the
rest of participants of all ages (8.40), of all the socioeconomic strata examined
(low: 8.21; medium: 8.55 and high: 8.27) and of those who were not overweight
or obese (8.14) (Table 5).

4. Discussion
The daily sodium intake without considering the addition of salt to the served
plate or food, among children and adolescents from 7 to 18 years old, exceeds
international recommendations, regardless the demographic subgroups examined (age, sex and socioeconomic status) and nutritional status. This mean
daily intake between 7.5 and 8.5 grams is mainly related to the sodium-dense diet. In Costa Rica, young as well as adult population exceeds sodium consumption, both almost doubling international standards.
However, in this study, an intake of ≥5 g of salt per day was defined as excessive for children older than 7 years. This limit was established arbitrarily according to the maximum recommended by WHO for adults and children between 7 and 16 years [23], since there is no worldwide consensus on the delimitation in children of optimal or high intake [24] and there are very few data on
salt intake in this group age worldwide [25].
The 2015-2020 Dietary Guidelines for Americans recommend that Americans
consume less than 2300 mg sodium per day and suggest that specific subgroups
should limit sodium intake. The Institute of Medicine’s indicates that the tolerable upper intake level for sodium for children is 1900 (4 - 8 y); 2200 (9 - 13 y)
and 2300 mg/day for those aged 14 years and older [1].
The integration of the available evidence and associated uncertainties, the
EFSA Panel on Nutrition, Novel Foods and Food Allergens (NDA) considers
that a sodium intake of 2 g/day represents a level of sodium for which there is
sufficient confidence in a reduced risk of CVD in the general adult population.
In addition, a sodium intake of 2 g/day is likely to allow most of the general
adult population to maintain sodium balance. Therefore, the EFSA Panel considers that 2 g sodium/day is a safe and adequate intake for the general EU population of adults. Sodium intakes that are considered safe and adequate for
children are extrapolated from the value for adults, adjusting for their respective
energy requirement and including a growth factor, and are as follows for children: 1.1 (1 - 3 y), 1.3 (4 - 6 y), 1.7 (7 - 10 y) and 2 g/day for 11 - 17 years old.
Therefore, the sodium density of the population in this study almost doubles the
suggested amount. Also the average intake reported in this study is 3 - 4 times
higher than the one recommended by the EFSA Panel on Nutrition, Novel Foods
and Food Allergens (NDA) [26].
On the other hand, the average daily sodium intake among school children
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from 10 to 12 years old in the present study was approximately 600 mg higher
than that of younger school children (7 - 9 y), similar to those in the older subgroup (16 - 18 y), whose average intake ranged between 7.5 - 10 g salt. These
numbers are in between the averages of salt consumption reported in the United
States of America and some European studies with samples of children and adolescents. In the USA, using a 24-hour diet reminder used in the NHANES
2011-2012 survey with 2142 children and adolescents (6 - 18 y), salt consumption was 8.1 g per day [1]; in Spain, a study carried out in 2014 with 205 children
between 7 and 11 years old using the gold standard methodology, 24-hour urine
sodium excretion, reported 7.8 grams of daily intake salt [27]; in Italy, a study
included 1424 children and adolescents between 6 and 18 years old and collected
a 24-hour urine sample, finding a salt intake of 7.1 g per day [28]. Other studies
carried out in Portugal [29] that used dietary registration and 24-hour urinary
excretion, reported salt consumption of <7; 6.6 g and 5.9 g/day, respectively.
Swiss children, 62% had salt excretions above the maximum intake recommendations (≥2 g for up to 6 years and ≥5 g per day from 7 to 16 years) [30].
On average, children and adolescents consumed 1.6 to 1.8 mg/kcal, a much
higher amount than 1 mg sodium/ kcal, proposed by Guenther et al. (2013) [31].
Regarding the food groups that contribute the most to sodium intake, in the
present investigation, it was found that more than 60% of sodium comes from 10
food groups. The largest contributor was the group of meats with visible or fried
fat (alone or in a “casado”), where fried chicken stands out for its low cost compared to other meats and for the use of salt and seasonings that give a characteristic flavor to fried chicken, which, judging by its consumption, is of great preference among children and adolescents [32] According to estimates done by the
National Chamber of Poultry Farmers of Costa Rica (CANAVI) in 2015, per capita intake of chicken meat was 23.3 kg, ranking above beef and pork [33]. This
could be attributed to the reduction in production costs and the efficiency that
has been achieved, resulting in a decrease of consumer prices [34]. Followed by
this food group, the four that contributed the most were: soy or spices (Salsa Lizano®) sauces, fried prepared pastries and sandwiches, fast foods and tomato or
pink sauces.
For Swiss children, the main sources of salt/sodium intake were pasta, potatoes and rice (23% of the total intake), cakes (16%), bread (16%) and cured
meats or sausages (10%) [30], similar to what was found in this Costa Rican
study regarding the group of fried prepared pastries and sandwiches. Also similar to what has also been found in some European countries, despite regional
and cultural differences, the foods that provide the greatest amounts of salt are
grain-based products (including bread), meat products and dairy products [35],
but differing from their Costa Rican counterparts in the present study regarding
the consumption of sauces.
In addition, 34% of Swiss children reported adding salt to their served plate
(at the table) [30]; this proportion was higher in the participants from Costa Rica
(49.4%). Near 38.8% reported that they usually add from 1 to 2 days a week, at
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least one “pinch” of salt to their served plate or some foods such as fruits (mango, pineapple), sour cream, avocado, among others. One in ten Costa Rican
children and adolescents (10.6%) reported that this addition of salt (pinch) occurs every 3 - 4 days a week.
However, in the present study, variations were found in the ten food groups
that contribute most to higher sodium consumption, according to age, sex, socioeconomic level and nutritional status subgroups. It is striking that in children
from 7 to 9 years old, the third contributor was the group of tomato or pink
sauce (tomato sauce and mayonnaise mix), and the fourth was the group of
salted seeds, which is not among the five first food groups in the general sodium
list (it is the seventh position). The fast food group was fourth in the sodium list
of the general population and was also the fourth contributor in children between 10 and 12 years old, adolescents between 16 and 18 years old, men, those
from the three socioeconomic strata examined and for those who are not overweight or obese; while the fast food group was the sixth highest contributor of
sodium for children from 7 to 9 years old.
Otherwise, the food groups that contributed the least to sodium intake were
legumes, starchy vegetables and tropical roots, sweets and creamy ice cream,
non-starchy vegetables and fruits. The majority of these food groups was identified on the study by Guevara D. et al., as deficient in consumption (legumes,
fruits, non-mealy vegetables and fish) in a sample of 798 participants between 15
and 65 years old from the urban area of Costa Rica [36]. Likewise, Moreno’s
study (2013) with 79 Costa Rican boys and 74 girls from 11 to 14 years old, determined that 100% of them do not fulfill the recommended daily consumption
of fruits and vegetables, as it was very low [37]. Data from the second National
Youth Survey Costa Rica 2013 [38], where 2800 men and women between 15
and 35 years old participated, reported that 64.2% had an inadequate (deficient)
consumption of fruits and vegetables.
The food groups identified as of deficient consumption in the Costa Rican
population and which were the ones that contributed less to its intake in the
present study, have been recognized in the scientific literature as protectors
(mainly legumes, non-starchy vegetables and fruits) of the main chronic diseases
prevalent in Costa Rica, such as obesity, diabetes and high blood pressure. While
the food groups: fried chicken; soy or spices or tomato sauces; fried prepared pastries and sandwiches; fast foods; processed meats/sausages; salty cookies; snacks
in small packages; popcorn and ripe or creamy cheeses have been identified as a
risk for these diseases due to their association with their high fat and/or sodium
content [32]. These processed products are offered mostly by international restaurants aimed to children, adolescents and their families [39].
Another aspect to consider that could be favoring the intake of sodium-dense
diets, in addition to the rise of consumption of fast-food restaurants specializing
in burgers, pizza, or chicken and highly processed food is the palatability and
increase in convenience foods. In fact, the consumption of these popular foods
among young people could explain the more sodium-dense diets consumed by
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children over 9 years old in Costa Rica. Childhood and adolescence are key periods of an individual’s life during which eating habits are formed [40] and food
preferences are determined by the first eating experiences [5], so limiting salt
intake during childhood has the potential to prevent lifelong hypertension and
its associated consequences [41].
In addition, it has been estimated that a high salt intake causes 1.65 million
deaths from cardiovascular diseases per year [42], mainly due to its effect on
blood pressure. Increasing sodium intake is associated with increasing blood
pressure, whereas low sodium intake results in increased renin and aldosterone
levels. The high sodium intake and the increase in blood pressure levels are related to water retention, increase in systemic peripheral resistance, alterations in
the endothelial function, changes in the structure and function of large elastic
arteries, modification in sympathetic activity, and in the autonomic neuronal
modulation of the cardiovascular system [43] [44].
Cardiovascular diseases lead the main causes of death in Costa Rica [45] [46].
Sodium reduction is an important strategy to reduce high blood pressure and
help prevent cardiovascular disease. High salt intake has been associated with
high blood pressure in both adults [47] [48] [49] and children [50] and there is
evidence that high blood pressure can cause vascular damage starting at an early
age [3] [51] [52] [53].
Evaluating the level of salt intake in children and adolescents is, therefore, of
clinical and public health relevance and the evidence provide by this study highlights how important is that primary schools and high schools in Costa Rica begin a strict control of compliance with the maximum sodium allowed in the food
supply (food and beverages) [54]. National efforts should be done in multiple
sectors to reduce excessive consumption of sodium in the general population
and specifically in children and adolescents, as other countries have done, considering the food offered in schools [55] and those competitive foods and beverages that are not offered in school meal programs [56], but in large fast food
restaurants, among others.
According to the WHO (2013) there are two key strategies to reduce sodium
intake in the population: 1) voluntary or mandatory reformulation strategies and
2) communication with consumers to educate, raise awareness and motivate
them to make desirable behavioral changes [57]. Furthermore, it should be considered that reformulation policies to reduce salt in manufacturing foods can be
highly profitable [58].
The indicated strategies could be applied in Costa Rica to reduce sodium content not only in products and foods with high sodium concentrations (for example, meats with visible or fried fat, fried chicken, sauces, processed meats and
sausages), but also in those with moderate contents that young Costa Ricans
consume frequently and in large quantities, such as the fried prepared pastries,
sandwiches, fast foods, cereals, “gallo pinto”, salted seeds, salty cookies, snacks
in small packages and popcorn, among others.
Since 2016, Costa Rica agreed voluntary sodium reduction goals in six key
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processed food categories (or 23 subcategories) because of its contribution of sodium to the diet of the general population: condiments, sauces, cookies, pastries,
sausages and breads. All these categories, except one (breads), are the most consumed by children and adolescents. Compliance with the national sodium reduction targets was evaluated in 2018. A significant reduction in average sodium
content was found in only 3 of the 19 subcategories (cakes, tomato-based sauces,
and tomato paste). No subcategories had statistically significant increases in
mean sodium levels, but seasonings for sides/mains, ham, and sausage categories
were at least 15% higher in sodium. Compliance with the national sodium targets among all foods increased from 80 in 2015 to 87% in 2018. The results
demonstrate that it is feasible to reduce the sodium content in packaged foods in
Costa Rica, but more work is needed to continually support a gradual reduction
of sodium in packaged foods, including more stringent sodium targets [59].
The United States of America, through the Live-Well program, seeks that participating restaurants offer healthy meals to children and adolescents, encouraging increased consumption of fruits, non-starchy vegetables and whole grains,
and decreased intake of added sugars and sodium [60].
On the other hand, several companies in New York (USA) have been gradually reducing the sodium content in their products [61] and in June 2016 the US
Food and Drug Administration issued a preliminary guidance for the food industry with the purpose that this sector voluntary decreases its sodium content
in the products [62].
In addition, groups such as the American Heart Association, the American
Academy of Pediatrics, the Academy of Nutrition and Dietetics, and the
2015-2020 Dietary Guidelines for Americans reviewed the evidence and continue to support strategies to encourage a healthy diet, including lower sodium intake between children and adolescents [63] [64].
Now, the option of taxing unhealthy foods, for example with high sodium
density, may be hopeful, but the change in the food supply towards prices that
encourage the consumption of healthier diets and the decrease in demand for
less healthy products is not simple and will not happen right away. Likewise,
companies in the food industry must be incentivized to market the components
of healthy diets; this could be primarily through selective taxes and subsidies,
marketing controls, food quality regulations, consumer education and in the
medium term, consumers’ desires to combine healthier foods with their continued pursuit of convenience in the face of their busy work schedules. At the end,
the food industry in general, and specifically in Latin America and the Caribbean, is expected to move towards profitable solutions, that is, those demanded
by a large volume of smart (educated) consumers [30] [65] [66] [67] [68].

5. Limitations
There are three main limitations in our analysis. First, the intake estimation
method used was the frequency of consumption, which is useful to provide inDOI: 10.4236/fns.2020.1110065
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formation on the food groups and typical foods consumed. It reflects habitual
food consumption but the intake quantification is not as accurate as in reminders or other records. Although an open section was included in the frequency of
consumption questionnaire for students to record the intake of other foods not
included in the list. The inaccuracies derived from the fact that the food list is
incomplete, which could lead to mistakes in the estimates of the frequency of
consumption and the size of the portion, since the precision of the information
is based on the memory bias of the person who answered the questionnaire. Also, the information could be biased because the participant may have provided
answers of social convenience, therefore overestimating the consumption of
some foods and underestimating others. Only the students from first to third
year of school were administered the frequency of consumption through an interview, which reduces biases at least in this part of the study sample. In the
present study to evaluate the total sodium intake, the gold standard was not
available due to lack of financing. However, 24-hour urine excretion of sodium
is not a complete or absolute method, since it does not report on the contribution of specific foods or food groups to total sodium intake. In addition, taking
the 24-hour urine sample in children and adolescents can be complicated because of the care they have to take. Therefore, some studies in adults and children that have used the gold standard to measure the excretion of sodium have
been mixed with dietary methods [64].
Second, a single method was not used to estimate the sodium content of the
foods and products analyzed, so there could be variations in the estimation of
sodium per serving of food or product. However, because the analytical method
is the most accurate and reliable and because the sodium contents resulting from
this method were directly determined in the foods consumed by these children
and adolescents, the data from the direct method were prioritized over the indirect methods reported in the food composition bases [21].
Third, the data used from the indirect methods, could overestimate or underestimate the sodium content, as the food formulation does not estimates with
certainty that some have undergone modifications after the report of the amount
of sodium in the food composition bases consulted [21].

6. Conclusions
To our knowledge, this is the first study to assess the average sodium intake
among children and adolescents in Costa Rica and it is related to sodium-dense
foods, which make up the pattern of food consumption of the participating population. The results support the high level of sodium consumed by the Costa Rican population, either adults or young, as well as the need for food providers, as
well as the food industry sectors related to meats with visible or fried fat, fried
chicken, soy or spices (Salsa Lizano®) sauces, fried prepared pastries and sandwiches, fast foods, tomato or pink sauces, cereals and/or “gallo pinto”; salted
seeds, processed meats/sausages, salty cookies and snacks in small packages, reDOI: 10.4236/fns.2020.1110065
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duce the sodium content in your products. On the other hand, schools and parents should discourage the addition of salt to prepared foods and fruits. Furthermore, they should promote the intake of legumes, vegetables and fruits.
These results justify carrying out social marketing campaigns that include
educational processes with a meaning for children, adolescents and families, in a
way that these sectors of the population are motivated to gradually modify eating
habits related to reducing the addition of sauces, seasonings and common salt in
food preparation and in those foods and preparations already served. If the habit
of adding “pinches” of salt to the plate or food is gradually reduced until elimination, the habit of children and adolescents in Costa Rica would reduce the
consumption of salt per day from 1 to 2 grams and this decrease would be bigger
if the elimination of the consumption of sauces that are often used among this
young population (soy or spices—Salsa Lizano®, tomato or pink sauces—tomato
sauce and mayonnaise mix) will be gradually reached, which would contribute to
this population approaching to meet the recommendation of maximum salt intake (5 g per day).
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