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Abstract

Purpose Inadequate iodine intake may result in iodine

deficiency disorders (IDD). Thus, for more than 50 years,

policies for the regulation of salt fortification with iodine

have existed in Brazil. In 2003, a study on 6–14-year-old

schoolchildren from regions of the state of São Paulo

showed a median urinary iodine concentration of 360 lg/L.

The objective of the present study was to assess the iodine

nutrition status among schoolchildren.

Methods The study was conducted on 828 schoolchildren

aged 4–13 years from eight schools in the interior of the

state of São Paulo. A casual urine sample was collected

from each volunteer for iodine determination by the

adapted method of Sandell-Kalthoff.

Results Only 1.9% (n = 16) of the children evaluated

had low values of urinary iodine (\100 lg/L), while 24.6%

had urinary iodine excretion values between 200 and

300 lg/L, and 67.1% had values above [300 lg/L.

Conclusions The results show that the iodine nutritional

status of the schoolchildren studied is characterized by a

high urinary iodine excretion, which might reveal an

increase in iodine consumption by this population.
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Introduction

Iodine is a fundamental element for the hormones syn-

thesized by the thyroid gland of mammals [1]. It occurs in

large quantities in seawater, about 50 lg/L in the form of

iodide [2]. Due to the high iodine concentration in the

oceans, populations that live near the sea and frequently

eat seafood usually ingest a little more than double the

amount ingested by other populations [3]. In some

countries, foods such as milk, eggs and bread are also

sources of iodine due to iodine-containing compounds

used in agriculture and to the use of iodized salt in food

preparation [1, 4]. A study from Spain found an increase

in milk iodine concentration in recent years, and the

urinary iodine concentrations were significantly associated

with the frequency of milk intake, especially skimmed

milk [5].

After the discovery of the relation between goiter and

iodine insufficiency, iodine supplementation was found to

be able to prevent this disease. On this basis, Switzerland

and the United States were the first countries to implement

a mass prophylactic program against goiter in the 1920s by

means of salt iodization [1].

In the 1980s, the World Health Organization (WHO)

performed the first global estimate of the prevalence of

goiter which revealed that 20–60% of the world population
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had iodine deficiency and/or goiter, with most cases being

diagnosed in developing countries [1].

Insufficient iodine intake has been the major cause of

goiter in the Brazilian population since colonial times and

is considered to be the main cause of brain damage in

fetuses and children, possibly also being responsible for

psychomotor retardation [6].

In Brazil, since 1953, there have been policies for the

iodization of salt for human consumption in order to pro-

mote adequate consumption of this nutrient by the popu-

lation [7, 8]. In 2003, the National Agency for Sanitary

Surveillance (ANVISA in the Portuguese acronym) estab-

lished a norm for iodine concentration of 20–60 mg/kg in

kitchen salt. In South America, iodine nutritional status

improved considerably, with excessive iodine intake cur-

rently occurring in countries like Brazil, Chile and

Colombia [9, 10].

This scenario indicates a transition in the nutritional

profile of iodine in the population. In a study conducted in

Colombia on schoolchildren, 43% of them were found to

have excessive urinary excretion of iodine, while 29% had

insufficient iodine intake [10]. In a study conducted in six

different Brazilian states, 86% of the schoolchildren eval-

uated were found to have urinary iodine excretion of more

than 300 lg/L, which is considered to be excessive [11].

The WHO states that excessive iodine consumption for a

prolonged period of time can be harmful by increasing the

prevalence of chronic autoimmune thyroiditis, known as

Hashimoto thyroiditis, mainly among individuals geneti-

cally susceptible to autoimmune diseases. In addition, also

according to the WHO, excessive iodine intake is related to

the development of hyperthyroidism, a condition that

affects the elderly, who usually present thyroid nodules that

favor the onset of the disease [8].

The iodine intake recommended by the WHO is 90 lg/

day for children up to 5 years of age, 120 lg/day for

children aged 6–12 years, 150 lg/day for those older than

12 years, and 250 lg/day for pregnant and nursing women

[12].

The study of the nutritional iodine profile of a popula-

tion is important in order to determine the insufficient or

sufficient intake of this nutrient. Thus, the objective of the

present study was to assess the nutritional iodine profile of

schoolchildren in the interior of the state of São Paulo.

Materials and methods

Study place and group

This is a cross-sectional survey, which was conducted at

two major cities from the interior of the state of São Paulo,

Ribeirão Preto and Botucatu, from 2004 to 2007. The two

cities represent two different regions of the state. The

schools were selected randomly among all institutions that

represented the reality of each city. Due to the character-

istics of these cities, both urban and rural state schools

were selected. All healthy children and adolescents from

eight schools of both genders and aged 4–13 years, with no

diagnoses of renal disorders or pathological changes that

might compromise the results of the study were included in

the investigation. A total of 828 schoolchildren participated

in the study, which was approved by the Research Ethics

Committee of HCFMRP–USP and FMRP–USP (protocol

no, 12466/2004). The parents or persons responsible for the

schoolchildren gave written informed consent to partici-

pate. A descriptive analysis of the data was performed.

Collection of urine samples

A casual urine sample was collected from each child and

adolescent studied.

Methodology for the evaluation of urinary iodine

excretion

The Sandell-Kalthoff reaction was used for urinary iodine

determination, with chloric acid being replaced with

ammonium persulfate [13]. The standard curve was con-

structed using a potassium iodate solution with known

amounts of 5, 10, 15, 20 and 30 lg/L (r = 0.99). For each

sequence of analyses, a concentration from the standard

curve was repeated as a quality control of the study.

The classification of iodine nutrition in schoolchildren

was based on the criteria established by the WHO/UNI-

CEF/ICCIDD [14], which consider median urinary iodine

to be iodine deficiency or an insufficient iodine intake

when the value is less than 100 lg/L, adequate iodine

nutrition or intake when the value is 100–199 lg/L and

above requirements when the value is 200–299 lg/L. A

value above 300 lg/L is considered to indicate excessive

intake, which is related to the risk of adverse health con-

sequences [15].

Results

Tables 1 and 2 show the levels of urinary iodine according

to gender and age range, respectively. In most children and

adolescents of both genders (75%), urinary iodine levels

were above 200 lg/L. The median urinary iodine value for

boys (348 lg/L) was a little higher than the value for girls

(328 lg/L). Analysis by age range showed that most

schoolchildren (75%) of all age ranges presented urinary

iodine levels above 200 lg/L as well. The median value for

children aged 11–13 years (345 lg/L) was higher than the
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values for the other age ranges, with the maximum value

detected for this age range (816 lg/L) being much higher

than those for the others. Twenty-five percent of the chil-

dren aged 4–7 years had low urinary iodine values

(96.80 lg/L).

Three of the eight schools evaluated (2, 7 and 8) pre-

sented urinary iodine values above 200 lg/L for practically

all children and adolescents studied. Among the three

schools, school no 2 presented the highest urinary iodine

values in all percentiles, whereas in the remaining schools,

75% of the children had urinary iodine levels above

200 lg/L. The median urinary iodine values were above

300 lg/L for all groups except school no 5. In school no 1,

only 25% of the schoolchildren presented values below

100 lg/L, as shown in Table 3.

Table 4 shows the population distribution of urinary

iodine according to reference values and to schools.

Overall, only 1.9% of the total number of children and

adolescents evaluated (n = 16) presented urinary iodine

values \100 lg/L, with 7.2% (n = 5) of them being from

school 1. Regarding high concentrations of urinary iodine,

24.6 and 67.1% of the children and adolescents were found

to present values between 200 and 300 lg/L and above

300 lg/L, respectively, with 92.2% (n = 59) of the chil-

dren presenting excessive urinary iodine excretion in

school 2, followed by schools 8 and 7, as shown in Table 4.

Discussion

The biomarker recommended to assess iodine nutrition in

the population is urinary iodine concentration, which is an

excellent indicator of recent iodine intake [15, 16].

According to the WHO, in children, median urinary iodine

concentrations between 100 and 299 lg/L define a popu-

lation that has no iodine deficiency or an insufficient iodine

intake [15].

In a study on 153 schoolchildren aged 8–10 years on the

island of Tanna, Vanuatu Republic, Li et al. [17] observed

that 51% of them had iodine insufficiency, as shown by

urinary iodine excretion below 50 lg/L.

Mazzarella et al. [18], in a study of 9–13-year-old

schoolchildren in various Italian provinces, observed that

median iodine excretion was always below 100 lg/L,

demonstrating that half the children evaluated had at least a

mildly insufficient iodine intake.

In Nepal, Gelal et al. [19] detected a 22% rate of iodine

insufficiency in a group of schoolchildren aged 6–11 years,

finding urinary iodine concentrations below 100 lg/L.

Benoist et al. [20] reported that 31.5% of world school-

children have insufficient iodine intake, most of them living

in some regions of Europe (52.4%) and of the Oriental

Mediterranean (48.8%), whereas a smaller percentage of

children with insufficient iodine intake was found in the

Western Pacific (22.7%) and in the Americas (10.6%).

In the present study, insufficient iodine intake (\100 lg/

L) was detected in only 1.9% of the subjects, in agreement

with the prevalence rate of\5% accepted by the WHO [8].

However, information about excessive intake of this

nutrient is also available in the literature. Gelal et al. [19]

also observed schoolchildren with iodine insufficiency, as

mentioned earlier, while 21.7% presented excessive iodine

intake.

In a study on 6–14-year-old schoolchildren from regions

of the state of São Paulo, Duarte et al. [21] detected iodine

excretion of more than 300 lg/L in 53% of the subjects and

excretion of more than 600 lg/L in 21%, characterizing a

more than sufficient iodine intake in these regions. The

present study, in which 24.6% of the schoolchildren eval-

uated presented more than adequate iodine intake and

67.1% presented excessive intake, agrees with the report by

Duarte et al. [21].

The nutritional profile of iodine is currently going

through a period of transition, with the concomitant

Table 1 Population distribution of urinary iodine values according to gender

Gender n Minimum p5 p25 Median (lg/L) p75 p95 Maximum

Female 443 43.00 166.60 266.00 328.00 383.00 465.00 803.00

Male 385 43.00 163.60 288.50 348.00 403.00 499.70 816.00

n Sample, p percentile

Table 2 Population distribution of urinary iodine values according to age range

Age range (years) n Minimum p5 p25 Median (lg/L) p75 p95 Maximum

4–7 47 43.00 96.80 266.00 342.00 430.00 481.60 491.00

8–11 442 45.00 160.45 267.75 334.00 384.00 443.00 500.00

11–13 339 43.00 181.00 291.00 345.00 395.00 647.00 816.00

n Sample, p percentile
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occurrence of insufficient and excessive intake, or with the

prevalence of excessive over insufficient consumption of

this nutrient.

The strategy most commonly used to control iodine

insufficiency in the population is the monitoring of salt

iodization [12]. In Brazil, since 1974, there has been con-

cern about the standardization of the amount of iodine to be

added to salt as a supplement. At that time, the supple-

mentation with 10 mg iodine/kg salt was established. In

1998, ANVISA established a range of iodine concentra-

tions in salt for human consumption of 40–100 mg/kg salt.

However, this range was revised in 2003 and reduced to

20–60 mg iodine/kg salt [8].

Iodine nutritional status among schoolchildren varies

depending on hydration and also on the eating habits in

countries in which public policies use salt iodization to

avoid iodine insufficiency. For this reason, in Brazil, the

intake of foods containing iodized salt in their preparation

can influence the nutritional status of iodine, because it is

known that most of the iodine ingested is excreted into the

urine [15, 16]. In addition, the cities included in the survey

are located in different regions with different climates, with

possible changes in the state of hydration occurring in the

population. The schoolchildren studied in the present

investigation belonged to different age groups, and a dif-

ference in iodine intake was expected to occur among

them. However, this did not necessarily affect the hydra-

tion status as these healthy children.

An important limitation of this study is the daily var-

iation in urinary iodine excretion. Determination of

median urinary iodine values from a casual urine sample

is well accepted for assessing the iodine status of a

population, but not of an individual. It would be possible

to adjust the urinary iodine concentrations according to

creatinine excretion, but the use of iodine values not

adjusted for creatinine excretion is well accepted, because

there are some disadvantages such as protein intake

adequacy and malnourished status which can influence

creatinine excretion. Therefore, this measure would be

unreliable for estimating iodine concentration from a spot

sample [15, 16].

Another important aspect to be emphasized and that may

explain the situation of excessive iodine intake detected in

the present study is the daily salt intake by the population.

Table 3 Population distribution of urinary iodine values according to each school

School n Minimum p5 p25 Median (lg/L) p75 p95 Maximum

1 69 43.00 68.00 257.00 338.00 437.00 495.00 500.00

2 64 77.00 261.25 363.00 497.05 650.75 802.50 816.00

3 89 98.00 178.00 255.50 311.00 361.50 437.00 460.00

4 114 56.00 155.75 292.00 354.00 394.25 462.00 487.00

5 146 43.00 134.85 217.00 269.00 322.25 390.95 434.00

6 37 150.00 151.80 282.50 338.00 380.50 431.10 432.00

7 117 55.00 212.40 287.00 353.00 384.00 443.00 457.00

8 192 138.00 239.25 325.00 357.50 398.50 439.35 452.00

n Sample, p percentile

Table 4 Population distribution of urinary iodine values according to reference urinary iodine values and school

School Deficient \100 lg/L Adequate 100–200 lg/L More than adequate 200–300 lg/L Excessive [300 lg/L Total %

n % n % n % n %

1 5 7.2 6 8.7 15 21.7 43 62.3 69 100

2 1 1.6 0 0.0 4 6.3 59 92.2 64 100

3 1 1.1 7 7.9 34 38.2 47 52.8 89 100

4 2 1.8 6 5.3 26 22.8 80 70.2 114 100

5 3 2.1 23 15.8 63 43.2 57 39.0 146 100

6 0 0.0 4 10.8 7 18.9 26 70.3 37 100

7 4 3.4 0 0.0 33 28.2 80 68.4 117 100

8 0 0.0 6 3.1 22 11.5 164 85.4 192 100

Total 16 1.9 52 6.3 204 24.6 556 67.1 828 100

n Sample
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Pontes et al. [22] analyzed quantitatively the amount of

iodine present in salt samples from the residencies of 180

schoolchildren and observed that no sample contained

more than 60 mg iodine/kg salt [7].

Nevertheless, data from the Brazilian Association of

Salt Extractors and Refiners (ABERSAL, 2008) have

shown that the mean daily salt intake of Brazilians repre-

sents double the amount (12.34 g/day) [8] recommended

by the Brazilian Society of Hypertension, which is 6 g salt/

day or 100 m Eq sodium [23].

Costa and Machado [24], in a study conducted on 81

schoolchildren, detected a mean salt consumption per

family member of 7.66 g. In the same study, the authors

also evaluated the intake of sodium-rich foods and

observed that 82.7% of the 81 schoolchildren had the habit

of eating salty snacks, 63% ate sausages, 54.3% ate

cheeses, 54.3% ate hot dogs, and 53.1% ate pizza, habits

that contribute to an increased indirect consumption of salt.

In another study, Navarro et al. [25] also detected excess

salt (NaCl) intake among 6–12-year-old children from the

interior of the state of São Paulo. In the urban school, salt

consumption reached values exceeding 10 g/day among

some children.

The excessive salt consumption detected in these studies

agrees with the findings of excessive iodine consumption,

since kitchen salt is the medium most frequently used to

guarantee iodine consumption by the population studied.

Conclusion

The present study shows that most of the schoolchildren

evaluated had a urinary iodine excretion above 300 lg/L,

which corresponds to an excessive iodine intake that might

lead to a risk of adverse iodine-induced consequences for

health. These results also demonstrate a possible transition

in the nutritional iodine profile. Further studies are neces-

sary to investigate the factors that influence the nutritional

iodine profile in these areas and to evaluate schoolchildren

from other Brazilian states.
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