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Background & aims: Iodine deficiency inhibits the normal development of human beings and is the
leading cause of preventable mental retardation. Our study aims to update the urinary iodine concen-
trations and the intake of iodized salt in children in Madrid (Spain).
Methods: A cross-sectional study was designed where 217 children aged 3e14 years old were studied. A
nutritional survey including the intake of iodized salt and other iodine-rich foods was performed. In
addition, the urinary concentration of iodine was determined in each patient.
Results: Near 60% of the surveyed households routinely used iodized salt. Significant differences in age,
sex, country of birth, or country of birth and parents educational levels and iodized salt consumption
were not found. The median of the urinary iodine level (120 mg/L; interquartile range 80e184) was
significantly higher in boys than girls and more elevated in younger children. Iodized salt and milk
consumption significantly increased the concentration of urinary iodine. Children who drank less than
two glasses of milk per day and did not consume iodized salt have four times the risk of iodine deficiency
compared to children who daily drank at least two glasses of milk and consumed iodized salt (P < 0.001).
Conclusions: The nutritional level of iodine in the children studied is appropriate despite the low con-
sumption of iodized salt. This is due to the consumption of dairy products and milk. The younger the
child, the better his/her iodine nutritional level. Teenagers studied are at higher risk of iodine deficiency.

© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
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1. Introduction

Iodine is an essential trace element for the formation of thyroid
hormones, which are crucial for somatic and cognitive develop-
ment of individuals. The recommended iodine intake is 90 mg/day
(birth to 8 years), 120 mg/day (children 9e13 years), 150 mg/day
(adolescents and adults), and 250e300 mg/day during the preg-
nancy and lactation periods [1]. According to the World Health
Organization (WHO), iodine deficiency remains the leading pre-
ventable nutritional cause of mental retardation, affecting more
than 1 billion people worldwide, most of them children and new-
borns [2]. Although iodine deficiency is prevalent in developing
countries, mild or moderate iodine deficiency is not uncommon in
y Elsevier Ltd. All rights reserved.
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industrialized countries; it has been shown that about 20% of the
world's population is at risk [3]. To determine the nutritional status
of iodine in a population, WHO and the Iodine Global Network
(IGN) recommend using urinary iodine concentration (UIC) (in mg/
L) as the most practical biochemical estimate of recent iodine
intake. The median UIC is used to express the global nutritional
level of iodine in a population, although this median does not take
into consideration the intra-individual variation [4,5]. According to
international rules, the normal values of median UIC are between
100 and 199 mg/L corresponding to a daily oral iodine intake of
150e299 mg (Table S1) [5,6]. UIC in school-age children is consid-
ered the best indicator of iodine status in the general population,
although there are recent concerns on whether this can applicable
to other population groups such as pregnant women.

According to the WHO, the most common way of knowing the
nutritional status of iodine in a region is to obtain data on the do-
mestic use of iodized salt (IS), as this is the main vehicle of iodine
consumption [7,8]. WHO recommended using IS in �90% of all
households to guarantee an adequate iodine nutritional status [9].
However, the United Nations Children's Fund (UNICEF) reported
only 37 countries reaching a 90% of IS household consumption in
2012 [10]. Overall, according to recent studies, the iodine status has
improved during the last decades in many countries including
Spain [11e14]. Nevertheless, children, pregnant women and vegan/
vegetarian people are still at risk of suffering iodine deficiency
[15e17].

Iodine deficiency in Spain has been known since 1899, and
published work in 1993 showed mild iodine deficiency [18,19].
Recent regional and multicenter studies in school children have
shown some improvement in UIC since the nineties of the past
century; however IS consumption is still below that recommended
[20]. There are also other foods with high iodine content, some of
them with a natural origin as fish and seafood. Dairy products
(especially cow's milk) may also contain high levels of iodine
related with agriculture and cattle industry methods; unfortu-
nately, these policies are not completely regulated yet.

The present study aimed to assess the UIC in relationwith IS and
other iodine-rich food intake in children from Madrid and to know
the related individual and familiar features as well as the dietary
habits.

2. Methods

2.1. Participants and study design

An observational, cross-sectional study was conducted at the
Pediatric Department at the Puerta de Hierro-Majadahonda Hos-
pital to assess iodine status, and IS and other foods intake of chil-
dren aged 3e14 years. The study was conducted from April 2011 to
October 2012. The region sampled has middle to high socioeco-
nomic status and a population under 18 years of 90,000. A total of
217 children were recruited. Exclusion criteria were children with
known thyroid disorder or those that have received iodine contrast
in a radiological investigation.

2.2. Variables assessed

UIC for each child was measured by taking a 10 ml fasting
sample of urine. Each sample was frozen within the first 6 h
at �80 �C in the Pharmacy Laboratory of the Hospital Puerta de
Hierro (Majadahonda, Madrid, Spain). Later on, samples were
transported in a portable refrigerator to the Laboratory of
Biochemistry at Hospital La Paz (Madrid, Spain) for analysis. UIC
was determined using the modified Benotti-Benotti method
[21,22]. This is a colorimetric method based on the role of iodine as
a catalyst in the reduction of yellow tetra-ammonium cerium (IV)
sulfate to the colorless cerous form by arsenite (Sandell-Kolthoff
reaction). To eliminate interfering substances, a previous digestion
step using ammonium persulfate (100 �C, 60 min) was performed
[23]. The results were read spectrometrically onmicrotiter plates as
previously described [24]. Analyses were performed at La Paz
University Hospital Foundation for Biomedical Research in Madrid,
Spain. Neither Multistix® nor Combur Test D® test strips were used
for urine sampling and/or manipulation because they contain
iodine [25].

Each child was given a questionnaire, which included questions
about place of birth, time since arrival to Spain (if not born here),
congenital hypothyroidism screening result at birth, parents'
birthplace and education, family history of thyroid diseases, and
consumption of IS and other iodine-rich foods. Dietary survey
included the frequency of consumption: milk (number of glasses
per day), dairy products (number of cups of yogurt, custard, and/or
cream caramel per day), eggs, fish, seafood, cheese (times per
week) and IS (used for cooking: yes/no). Weight and height were
registered. Data were normalized for sex and age and expressed in
standard deviations (SD) according to standardized published ta-
bles [26,27].
2.3. Statistical analyses

The sample size required for this study was calculated by
accepting an alpha risk of 0.05 for an accuracy of ±6.5% in a bilateral
contrast for an estimated proportion of 65% of pathological UIC
(normal interval 100e199 mg/L), 5% replenishment rate. Data were
presented using statistics of central tendency and dispersion: mean
and SD or median and interquartile range (IQR) or extreme values.
The data corresponding to qualitative variables were expressed as
absolute value of percentages. The Kolmogorov-Smirnov test was
used to assess whether the variables followed a normal distribu-
tion. The comparison between the continuous variables between
two groups was made using the Student's t-test for independent
data. The non-parametric Mann-Whitney test was used when the
normality hypothesis was rejected in the comparison of 2 samples
and the Kruskall-Wallis test in the comparison of 3 or more sam-
ples. Analysis of variance (ANOVA) followed by the Bonferroni
multiple comparison test was used to compare 3 or more means.
The relationship between continuous (ordinal) variables was
established using the Pearson correlation quotient and Spearman's
non-parametric correlation.

The contrast between the categorical variables was performed
using the normal c2 or c2 test corrected by Yates in the case of
expected frequencies <5 and the linear trend test c2 for 2 � 2 ta-
bles. A logistic regression model was conducted which included the
statistically significant independent variables from the univariate
analysis showing a significant association with iodine deficiency.
The results were expressed as Odds Ratio (OR) and the 95% confi-
dence interval (95% CI). The SPSS software (version 14) was used for
data analysis. The statistical significance level was set at 5%.
2.4. Ethics

This study was approved by the Ethics Research Committee of
Hospital Puerta de Hierro-Majadahonda (Madrid, Spain) in March
2011. The parents signed an informed consent before enrolling the
child after full explanation of the purpose and nature of all pro-
cedures. If the child was over 11 years old, he/she signed the
informed consent as well. The procedures followed were in accor-
dance with the Helsinki Declaration of 1975, revised in 2008.
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3. Results

3.1. Description of the population

A total of 217 children were studied (107 girls and 110 boys),
making three different age groups: a) preschoolers (3e6 years);
38.7% of the total sample; b) school age children (7e10 years);
33.6%; and c) adolescents (11e14 years); 27.6%. Ninety one percent
of the children were born in Spain, 4.2% in Latin America and the
remaining (4.6%) in other European countries, Asia, or North Africa.
Children born in Spain had normal values in metabolic screening
tests. The majority of parents were born in Spain (79% fathers and
66% mothers). Regarding the level of parental studies, the question
was askedwhether primary, secondary (Bachelor and/or Vocational
Training), or university studies. Mothers' academic levels (primary,
secondary or vocational training and university) were 12.7%, 38.0%
and 49.3%, respectively whereas fathers' academic levels were
17.1%, 40.2% and 42.7%, respectively. According to the interview,
53.1% of the patients' families had at least one first or second degree
member with some type of thyroid pathology. In the whole sample,
the mean SD values for weight, height, and body mass index were:
0.285 ± 1.319, �0.078 ± 1.079, and �0.047 ± 1.301 respectively;
whereby the populationwas considered to be representative of the
child population according to published values.
3.2. Dietary habits

Twelve families were unaware of the type of salt they used. Of
those who knew the type of salt consumed at home, 59.5% used IS.
Table 1 displays the consumption of IS compared to that of non-
iodized salt (NIS) according to the different variables for which each
child was questioned. The mean consumption of IS was similar in
Table 1
Intake of iodized (IS) y noniodized salt (NIS) in relation with individual and familiar
variables.a

Variable Intake P

IS (%) NIS (%)

Age group (years)
3e6 46 (57.5) 34 (42.5) 0.589
7e10 40 (59.7) 27 (40.3)
11e14 36 (62.1) 22 (37.9)

Sex
Female 62 (62.0) 38 (38.0) 0.479
Male 60 (57.1) 45 (42.9)

Ethnicity
Child
Native 113 (60.4) 74 (39.6) 0.389
Immigrant 9 (50) 9 (50)

Mother
Native 92 (59.7) 62 (40.3) 0.908
Immigrant 39 (58.8) 20 (41.2)

Father
Native 99 (61.1) 63 (38.9) 0.305
Immigrant 22 (52.4) 20 (47.6)

Academic education
Mother
Primary 15 (55.6) 12 (44.4) 0.762
Secondary/VT 50 (65.8) 26 (34.2)
University 57 (57.6) 42 (42.4)

Father
Primary 22 (62.9) 13 (37.1) 0.326
Secondary/VT 51 (63.8) 29 (36.3)
University 47 (55.3) 38 (44.7)

FTD
No 51 (56.0) 40 (44.4) 0.274
Yes 70 (63.6) 40 (36.4)

a FTD: familial thyroid disorder; VT, vocational training.
all age groups and in both genders. Likewise, the child's or parents'
place of birth or academic levels, as well as family thyroid pathol-
ogy did not show significant differences in IS consumption in
children.

The results obtained on the routine consumption of iodine-rich
food are shown in Table 2. Consumption of these foods was high,
especially fish (42% children consumed at least 3 times/week),
cheese (53% ate at least 3 times/week) and milk (52% consumed at
least 2 glasses of milk per day).

3.3. Relationship between IUC and personal/familiar features and
dietary habits

Themedian UIC was 120.00 (IQR 80e184) mg/L with a significant
difference between childrenwho consumed IS (median 136.50; IQR
94e209 mg/L) and those who did not (median 110.50; IQR,
64e162 mg/L); P¼ 0.006. Table 3 shows the overall results of the UIC
according to the ranges established by the WHO. There were 7
children with values higher than 500 mg/L, considered as probable
iodine poisoning, and 37.8% of the total had <100 mg/L (iodine
deficiency) whereas 12% had <50 mg/L. Table 4 shows UIC adjusted
by socio-demographic characteristics of the population. UIC was
higher in boys and in the youngest group. The median UIC in the
adolescents group (11e14 years) was at the limit of iodine defi-
ciency. There were no differences in UIC among children or parents
born in or out of Spain. In addition, UIC was influenced neither by
parents' studies nor by any familial thyroid pathology.

The UIC medians were compared according to the different food
consumption and are shown in Table 5; only consumption of milk
<2 glasses/day (UIC 102.00 mg/L; IQR 60e147) vs.�2 times/day (UIC
132.00 mg/L; IQR 96e235) was statistically significant.

A logistic regression was conducted with the variables that had
been associated with iodine deficiency in the invariant analysis:
age, gender, consumption of IS and number of milk glasses per day
(Table 6). The oldest group, children who did not consume IS
regularly or those who took less than 2 glasses of milk per day, had
more than 2-fold increased risk of iodine deficiency.

Further comparative studies were carried out according to the
consumption of IS associated to milk consumption, the following
results were obtained: children who did not take IS and took less
than 2 glasses/day (UIC median 90.00 mg/L; IQR 48.00e141), chil-
dren who took IS but drank less than 2 glasses of milk per day (UIC
median 118.00 mg/L; IQR 70.50e170.50), children who did not take
IS but drank at least 2 glasses of milk/day (UIC median 124.00 mg/L;
IQR 85.00e231.00), and children who took IS and at least 2 milk
glasses daily (UIC median 143.50 mg/L; IQR 105.25e236.75). A lo-
gistic regression to assess the effect of independent variables on
achieving UIC >100 mg/L was performed. Odds Ratio expressed the
risk of having an UIC <100 mg/L. Table 7 shows that the non-
consumption of IS or taking less than 2 glasses of milk per day
increased the risk of iodine deficiency by 2-fold. If both factors
overlap, the risk exceeded 4-fold.

4. Discussion

Our results reveal that the iodine nutritional level in children of
the Community of Madrid is overall within the range of normality,
although a considerable percentage (37.9%) has UIC in the mild to
moderate range of deficiency. Only 59% of the families surveyed
routinely used IS at their home, which is well below the 90% rec-
ommended by the WHO. Our results are consistent with a study
published in 2006 in this region, which revealed that 65.5% of the
population aged 10e19 years consumed IS and also with the na-
tional study Tirokid (population 6e7 years old) that reflected a
consumption of IS of 69.8% [20,28]. More recent studies carried out



Table 2
Frequency of consumption of iodine-rich foods.

Frequency of consumption (%) Fish Seafood Cheese Eggs Algae Milk Dairy

Never 2.3 64.7 21.2 1.6 98.1
<1/week 5.2 19.1 2.6 3.6 1.4
1e2/week 49.7 16.3 22.8 76.6 0.5
�3/week 42.8 0 53.4 18.2
Never 5.5 4.6
<1/day 3.7 12.9
1/day 38.2 50.7
2/day 26.7 18.0
>2/day 25.8 13.8

Table 3
IUC values of the population studied.

IUC (mg/L) No. of children (%)

<20 1 (0.5)
20e49 24 (11.5)
50e99 56 (25.9)
100e199 87 (40.3)
200e299 35 (16.2)
>299 13 (6.0)

Table 5
Relationships between medians of IUC (mg/mL) and consumption of iodine-rich
foods.

Food N Frequency of consumptiona IUCb (IQR) P

Fish 142 <3 118.00 (89.75e186.50) 0.315
74 �3 129.50 (89.75e178.75)

Seafood 139 <1 116.00 (70.00e179.00) 0.075
76 �1 136.50 (95.00e206.25)

Cheese 114 <3 118.50 (72.25e181.25) 0.405
103 �3 125.00 (82.25e192.50)

Eggs 132 <1 93.00 (57.00e137.00) 0.188
84 �1 124.00 (182.00e192.00)

Algae 211 Never 120.00 (81.00e189.00) 0.543
4 �1 120.00 (41.00e154.75)

Milk 103 <2 102.00 (60.00e147.00) <0.001
114 �2 132.00 (95.50e234.50)

Dairyb 148 <2 117.50 (72.25e187.74) 0.504
69 �2 130.50 (88.25e178.00)

a Expressed in times per week, except in the case of milk (glasses per day) and
dairy products (number of dairy products per week).

b Not including cheese.
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in South Spain (2015) showed a 30.9% use of IS, which is even
smaller and extremely concerning [29]. During the nutritional
survey, parents recalled the salt brands they were using at home
and whether the container specified the word “iodized” or not.
There were a total of 17 different brands but their iodine content
was not determined since its actual concentration in the salt may
be lower than the described on the package due to different factors
such as local conditions of production, packaging, and/or storage
[30e32].
Table 4
IUC (mg/L) vs. individual and familial variables.a

Variable Median (P25eP75) P

Age group (years)
3e6 148.50 (95e231) 0.001
7e10 119.00 (85e159)
11e14 100.00 (58e145)

Sex
Female 116.00 (64e168) 0.028
Male 126.00 (90e213)

Ethnicity
Child 0.15
Native 121.00 (83e187)
Immigrant 88.00 (48e174)

Father
Native 137.00 (63e195) 0.59
Immigrant 117.50 (79e178)

Mother
Native 134.50 (74e198) 0.37
Immigrant 117.50 (80e179)

Academic education
Father
Primary 138.00 (89e179) 0.590
Secondary/VT 122.00 (83e187)
University 177.00 (82e208)

Mother
Primary 112.00 (88e182) 0.961
Secondary/VT 119.00 (76e201)
University 124.50 (84e117)

FTD
No 120.00 (77e185) 0.66
Yes 121.00 (84e193)

a FTD: familial thyroid disorder; VT, vocational training.

Table 6
Multivariate study of the relationships between IUC and the associated variables.a

Variable OR Confidence interval (p)

Age groups (years)
7e10 vs. 3e6 1.4 0.7e3.1 (0.338)
11e14 vs. 3e6 2.6 1.2e5.6 (0.012)

Sex
Female vs. male 1.7 0.9e3.1 (0.087)

Salt consumption
NIS vs. IS 2.1 1.1e3.9 (0.018)

Milk intake (glasses/day)
<2 vs. � 2 glasses 2.2 1.1e3.9 (0.018)

a IS, iodized salt; NIS, noniodized salt; OR, Odds ratio.
The percentage of IS consumption was not influenced by any of
the individual or family variables. This contrasts with previous re-
sults suggesting that the country of origin and the level of parental
studies do affect IS consumption, although this trend has not been
detected in all studies [33e35]. These differences may be explained
by the type of immigration in Madrid, with a predominance of
parents from Latin America, generally with a knowledge about the
Table 7
Iodine deficiency risk related to iodized salt and milk consumption.a

Variable OR Confidence interval (p)

Group 3 vs. group 4 2.46 1.03e5.87 (0.04)
Group 2 vs. group 4 2.79 1.25e6.22 (0.01)
Group 1 vs. group 4 4.16 1.78e9.51 (<0.001)

a Group 1: no IS and drink less than 2 milk glasses/day. Group 2: take IS but drink
less than 2 milk glasses/day. Group 3: no IS but drink �2 milk glasses/day. Group 4:
take IS and drink �2 milk glasses/day. OR, Odds Ratio.
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importance of IS consumption greater than other studies that
analyzed populations of Maghreb origin. The proportion of children
born out of Spain was less than 10%, so the differences between
Spanish and non-Spanish children may be more difficult to estab-
lish [36]. The type of salt used in the school canteen (those children
who ate at school), and the iodine content of processed foods were
not known.

The median UIC value (120 mg/L) was similar to values previ-
ously reported in other Spanish provinces [20,29,35,37,38]. The
data of the Tirokid study were somewhat higher than ours, prob-
ably because the mean age of the children examined (6e7 years
old) was different to that of our study where almost one third of the
children were >11 years, when UIC was significantly lower [20]. An
study performed in the Basque Country showed that children in the
age range of 6e26months had adequate UIC levels (median,127 mg/
L), regardless of the low IS consumption and in probable relation to
high consumption of milk, which would also coincide with our
results in children 3e6 years old [39]. It is disturbing to realize that
in the adolescent population (11e14 years) the median UIC was
100 mg/L, this is, at the limit of deficiency. There may be a potential
in women of childbearing age with the subsequent risk of fetal
harm [40,41]. From our results, it should be noted that using UIC in
school-age children as a single reference for the general population
may not be accurate, missing vulnerable groups such as pregnant
women where iodine deficiency is most harmful. Comparative
studies in Thailand and China showed that, when studying a group
of schoolchildren and their pregnant mothers, the children group
presented an optimal level of iodine while their mothers were
mostly iodine deficient [42,43].

The low IS consumption rate (59%) contradicts with the UIC
median within normal limits, especially in younger children. UIC
was correlated with IS consumption, which remains the ideal
vehicle to guarantee adequate universal iodine coverage, but the
percentage consumption in Madrid is low. However, as demon-
strated by this study, higher UIC is also associated with increased
consumption of dairy products, with a clear positive correlation
with the number of milk cups consumed daily. Other studies have
also previously noted that milk and its derivatives are the true
“responsible” for improvement in the nutritional iodine level of
many populations and countries [34,44,45]. However, this “silent
prophylaxis” is not regulated and has unequal levels of iodine
content in different brands of milk both in Spain and the United
States [44,45]. Since the iodine content is not indicated in the la-
beling of these milk containers, consumption is arbitrary. Changes
in the regulation of hygienic measures and feeding of cattle pat-
terns could cause a decrease in the amount of iodine contained in
the milk, prompting to iodine deficiency as is already happening in
other countries [46,47]. In the present study, the amount of iodine
in the milk used in the children's households was not determined.
Commonly, milk brands do not report their iodine content that may
depends onmany factors, such as iodine content and level of iodine
supplementation of feed, farm management or teat dipping with
iodine-containing substances [45,48,49].

Our estimation of iodine deficiency risks according to four
different diet-related groups agrees with national results published
in the Tirokid study, but in our population it is even more worri-
some, since themedian UIC in childrenwho neither consume IS nor
drink at least 2 glasses of milk per day were already at iodine
deficiency level (90 mg/L), whereas in the national study the re-
ported value was 146 mg/L [20]. As pointed out above this difference
may be attributable to the age differences of the children examined.
Like in other studies, gender also influenced UIC, being higher in
boys [20]. Although some studies have also shown an influence of
fish or egg intake on UIC [50], neither impact in our study nor in a
previous one [20] was noted.
Based on the above comments, the nutritional level of iodine in
children in Madrid is within the normal range. Although the levels
of iodine in children is related to IS consumption, other factorsmust
be considered, especially the consumption of milk, and certain
iodine-rich medicines or the systematic use of povidone iodine
solution [51e53].

Despite UIC in our population is in optimal range, there are still
some challenges to overcome. First, it is important to improve the
families' knowledge about the IS, since many parents stayed in the
interviews that IS and sea salt were the same while others believed
that iodine could be harmful to the thyroid gland [2]. Secondly, if
families start using salt for cooking, it should be emphasized that
the salt should always be iodized and that they should frequently
consume marine foods rich in iodine [3]. The consumption of milk
in our population is high d as in other Spanish regionsd and this
product exerts a real prophylaxis for iodine deficiency. However,
companies should be requested to be transparent about their
livestock policies and to report, on each labeling, the amount of
iodine in the milk product [7]. School canteens should be
compelled to use only IS [8]. It is important to monitor what
medications, including topical ones, children use. Very high
amounts of iodine, sometimes in the toxic range, can be harmful,
especially in young children. Additionally, it would be also neces-
sary to force companies to sell natural or homeopathic products
with controlled amount of iodine levels.

One limitation of our study is that it was performed in a single
center. Our population comes from an area with a medium-high
socioeconomic level (49% of mothers and 42% of parents had uni-
versity education) that may influence dietary habitş i.e., lower
consumption of iodine at a lower socioeconomic level [54]. How-
ever, our results are superimposable with the national study [20].
The strength of the present study was that the performance of UIC
and the dietary survey were performed at the same time and no
patient rejected the study, thus reducing the possibility of selection
bias.

It is important to continue raising awareness of the importance
of IS in Spain, as the reality is far from optimal; in this way, it is
necessary to implement adequate policies from the Government
and to reach an adequate citizens and health workers education.
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