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lodine is an essential element involved in the synthesis of thyroid hormones, being essential for
pre- and postnatal brain development and for cellular metabolism throughout life. On the other hand,
iodine deficiency is one of the most easily preventable public health problems affecting the largest
number of people in the world. The spectrum of deficit disorders is very broad, results in clinical
symptoms of varying severity, and can lead to impaired brain function and development in the fetus
and/or child. The World Health Organization (WHO) states that it is the major cause of preventable
mental impairment.

Translated from the original published in the journal: Revista del Comité Cientifico de la AESAN, 37, pp: 105-151.
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Therefore, adequate iodine nutrition is necessary, which is especially important in childhood,
during pregnancy and lactation and in women of childbearing age who may want a pregnancy.

The most important sources of iodine are iodized salt, dairy products and fish. lodine require-
ments increase during pregnancy and lactation, and the risk of deficiency increases, especially
in women who do not consume iodized salt. The nutritional status of iodine in Spain is, in general,
adequate; however, this situation may be due to the use of supplementation with drugs or food su-
pplements that provide iodine, so it is necessary to evaluate the contribution through natural foods
or iodized salt in our population.

In this context, the Scientific Committee of the Spanish Agency for Food Safety and Nutrition
(AESAN) has carried out a review of the existing evidence on the nutritional status of iodine in our
environment in women of childbearing age, pregnancy and lactation and the situations that may
cause a higher risk of deficiency or toxicity.

lodine, deficiency, pregnancy, lactation, woman, childbearing age, iodized salt.
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1. Introduction

lodine deficiency (ID) is one of the most relevant preventable public health concerns affecting the
largest number of people in the world (WHO, 2007a). The correct approach to this problem requires
that special attention be paid to the diagnosis and its correction at a collective level, as a public
health concern (Vitti, 2022).

The fundamental physiological role of iodine is the synthesis of thyroid hormones (De La Vieja et
al., 2000), which are essential both for pre- and post-natal brain development and for the metabolism
of all cells during life (Morreale de Escobar et al., 1987).

The spectrum of ID disorders (IDD) is very broad (Table 1) (Hetzel, 1983) (Niwattisaiwong et al.,
2017) and, depending on whether the deficitis more or less severe, such disorders will be of greater
or lesser extent (Zimmermann et al., 2008). ID can result in harmful and irreversible effects, such
as impaired brain function and development in the foetus and/or child (Morreale de Escobar et al.,
2004); some intelligence quotient (1Q) change has been observed even in moderate or mild ID (Levie
et al., 2019). The World Health Organization (WHO) states that it is the major cause of preventable
mental impairment (WHO, 2007a). Other disorders that may be associated with ID include decreased
hearing threshold (Millon-Ramirez et al., 2019) or fertility (Mills et al., 2018). For all these reasons,
adequate iodine nutrition is necessary, which is especially important in childhood, during pregnan-
cy and breast-feeding, and also in women of childbearing age who may wish to become pregnant.

Table 1. Clinical consequences of iodine deficiency

Increased risk of thyroid disease: simple goitre, multinodular goitre, Hashimoto's thyroiditis, thyroid cancer

Hypothyroidism: growth and developmental delay, asthenia, intolerance to cold, heart and digestive disor-
ders, cognitive impairment

Infertility, pregnancy problems, miscarriage, childbirth problems, post-partum depression

Foetal, newborn and infant neurological development disorders

Maintaining an adequate nutritional status of iodine is essential for women's health. Deficits in iodine
intake can decrease fertility (Kuehn, 2018) and iodine requirements increase significantly during
pregnancy and breast-feeding (Pearce et al., 2016), with maintaining adequate iodine intake during
these periods is particularly important for neurocognitive development of the foetus, newborn and
infant. Although women of childbearing age generally maintain an adequate intake of iodine, some
women, particularly those who do not regularly consume dairy products, eggs, fish or iodized table
salt, may not take enough to meet the increased needs during pregnancy and breastfeeding. This
does not imply that pregnant or breastfeeding women should start taking or increase salt in their
diet, but rather that they should ensure that any salt used in cooking or added to food at the table is
iodized. On the other hand, pregnant or breastfeeding women may require additional iodine intake
to achieve adequate iodine intake (DGA, 2020).

Different national and international organizations have established recommendations for iodine
intake at different stages of life, including pregnancy and breastfeeding (Table 2). WHO (2007a)
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recommendations are probably the most influential internationally and include an iodine intake of
90 pg for children under 5 years of age; 120 g for the population between 6 and 12 years of age and
150 g for adolescents (over 12 years of age) and adults. During pregnancy and breastfeeding, the
mother passes both thyroid hormones and iodine to the foetus and, in addition, during pregnancy,
renal excretion of iodine is increased and salt intake is generally restricted, so it is necessary to in-
crease iodine intake in these situations. For these reasons, as described below, in both cases WHO
recommends a daily intake of 250 pg (WHO, 2007a) (Vitti, 2022). The European Food Safety Authority
(EFSA), for its part, establishes recommendations for iodine intake (EFSA, 2014) for different stages
of life, as well as the Scientific Committee of the Spanish Agency for Food Safety and Nutrition
(AESAN), which, in 2019, established a Recommended Nutritional Intake of iodine for the population
(AESAN, 2019).

Table 2. Recommended iodine intake (ug) at different stages of life

Stages WHO (2007a) | EFSA (2014) | AESAN Scientific Committee (2019)
0-6 months - - 70
7-11 months - 70 80
<5years 90 - 90
1-10 years - 90 -
6-9 years - - 100
6-12 years 120 - -
10-13 years - - 120
11-14 years - 120 -
15-17 years - 130 -
Adolescents (>12 years) and adults 150 - 150
>18 years - 150 -
Pregnancy 250 200 200
Breastfeeding 250 200 200

The most commonly used parameter for the study of iodine nutrition in a population is the analysis
of urinary excretion or ioduria, which is a faithful marker of iodine intake, although its high variability
limits its applicability for the study of iodine nutritional status individually, its greatest usefulness
being in the study of the adequacy of iodine intake in populations. WHO considers a population to
have adequate iodine nutrition when the median ioduria is between 100 and 199 pg/l (WHO, 2007b).
In pregnant women, the median ioduria should range from 150 to 249 ug/I (ICCIDD, 2007), and in nur-
sing mothers and children under 2 years of age it should be above 100 ug/I (ICCIDD, 2007).
Historically, Spain, like most European countries, has suffered intensely from the effects of iodine
deficiency. However, in the last decade, a substantial and positive change has been observed with
respect to the nutritional status of iodine. Two studies carried out on representative samples of the
Spanish population demonstrate this change. A study conducted in more than 5000 people older
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than 18 years reported a median ioduria of 117 pg/I (Soriguer et al., 2011) and, in the one conducted
in a child population, the median reached 173 ug/I (Vila et al., 2016). The criteria for adequate iodine
nutrition were met in both cases (NGI, 2021). However, with respect to the adult population study,
it should be noted, on the one hand, that a median of 117 pg/l implies that a significant part of the
population has anioduria below 100 pg/l, and on the other hand, that the median ioduria of women of
childbearing age, although theoretically adequate, would be insufficient in the case of pregnancy.

In view of the above, it has been considered necessary to request the Scientific Committee of the
AESAN to draw up a report on the nutritional status of women of childbearing age, pregnant and
breastfeeding women with respect to adequate iodine intake in Spain.

2. lodine and thyroid gland

2.1 lodine and physiology of the thyroid gland

lodine is an essential element for all mammals, essential for the proper structure and function of
thyroid hormones, which is rapidly and almost completely absorbed in the stomach and duode-
num. When iodine enters the blood flow, the thyroid gland concentrates it in amounts adequate for
thyroid hormone synthesis and most of the remaining amount is excreted in the urine (Murray et
al., 2008). The main thyroid hormone, T4 or thyroxine, contains approximately 65 % of body iodine
(McDowell, 2003), while the concentration in tissues other than the thyroid is quite low, and the
average iodine concentration in animal tissues, including the human species, is approximately 0.1
mg/kg (Jongbloed et al., 2002). In the body, almost all iodine is found in the extracellular fluid, where
its concentration is 10-15 pg/l. The peripheral stores contain about 250 pg, a very small percentage
of the total iodine in the body (Larsen et al., 1998).

Thyroid clearance of iodine is 10 to 20 ml/min, ranging from 3 ml/min after chronic iodine intake
of 500-600 pg/day to 100 ml/min in case of severe iodine deficiency. About 20 % of the iodide that
perfuses the thyroid gland is cleared each time it passes through the thyroid gland (Triggiani et al.,
2009). The thyroid gland is able to trap iodide by means of a sodium-iodide symporter (NIS), expres-
sed in the basolateral plasma membrane of thyrocytes, which actively transports iodide against
electrochemical and concentration gradients, maintaining a concentration of free iodide 20 to 50
times higher than that of plasma (Triggiani et al., 2009), with the highest concentration gradient
(100:1) in hyperthyroidism due to Graves’ disease. Transport requires energy and oxygen (ATPase
activity) (Triggiani et al., 2009). NIS expression is stimulated by the thyroid stimulating hormone
(TSH) (Triggiani et al., 2009).

lodide transport from the cytoplasm to the follicular lumen is passive and mediated by the api-
cal iodide transporter (AIT), while the role of pendrin (Triggiani et al., 2009) remains unclear. Once
transported into the thyroid, the iodide is oxidized and organizes or diffuses back into the extrace-
llular fluid. TSH enhances the transport of iodide and its organification into iodothyroxine molecules.
There is also an internal autoregulatory system by which the mechanism of iodide transport and
its responsiveness to TSH vary inversely with the glandular organic iodine content. Thus, thyroid/
plasma ratio increases when the thyroid gland is devoid of organic iodine or is stimulated by TSH.
When the concentration of iodide increases in the extracellular fluid, the iodide transported to the
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thyroid decreases progressively (Triggiani et al., 2009). In other words, the amount of iodine under-
going organification shows a biphasic response to growing doses of iodine: at first increasing and
then decreasing as a result of a relative blockage of organ binding. This decreasing performance of
organic iodine from increasing doses of iodide is called the Wolff-Chaikoff effect (Wolff et al., 1949)
and depends on the establishment in the thyroid of a sufficient concentration of inorganic iodide
(Triggiani et al., 2009). lodide transport in the thyroid depends on NIS expression, which increases
in Graves’ disease and autonomously functioning nodules and decreases after iodide overload, as
well as in adenomas and carcinomas that appear as cold nodules on scintigraphy (Triggiani et al.,
2009).

2.2 lodine deficiency disorders

ID is one of the most easily preventable public health problems and affects a large number of people
in the world (WHO, 2007a). ID status is established when the intake of this element is not sufficient
to meet the needs required for the adequate performance of the thyroid gland according to age
and physiological state. For its prevention, special emphasis should be placed on diagnosis and
its correction at a collective level, as a public health concern (Vitti, 2022). As described above, the
fundamental role of iodine in the body is its participation in the synthesis of thyroid hormones (De
La Vieja et al., 2000), which are essential both for pre- and post-natal brain development and for the
metabolism of all cells throughout life (Morreale de Escobar et al., 1987).

The spectrum of IDD is very broad (Hetzel, 1983) (Niwattisaiwong et al., 2017) and, depending on
whether the deficit is more or less severe, such disorders will be of greater or lesser extent (Zim-
mermann et al., 2008). WHO states that IDD is the major cause of preventable mental impairment
(WHO, 2007a). Decreased hearing threshold (Millon-Ramirez et al., 2019) (Dineva et al., 2022) or
fertility (Mills et al., 2018) are also some of the disorders that can be associated with ID. It is also
worth considering that ID increases the risk of thyroid cancer caused by radioactive contamination,
particularly in the paediatric population (Zimmermann and Galetti, 2015). Therefore, an adequate
nutritional status of iodine must be maintained, which is especially important in childhood, during
pregnancy and lactation and also in women of childbearing age who may wish to become pregnant.

2.3 Physiology of the thyroid gland in pregnant woman. Role of iodine in
foetal brain maturation

Thyroid hormone (TH) metabolism undergoes remarkable changes in pregnant women, with up to a
50 % increase in TH levels. This means that iodine intake should be substantially increased in early
pregnancy (WHO, 2007b).

Thyroid hormones play an essential role in growth and metabolic homeostasis in humans as well as
in animals. By studying the severe neurocognitive impairment of patients with congenital hypothyroi-
dism (CH) first, and through experimental animal studies, it has been shown that, already from the first
weeks of embryonic development, the nervous system is highly sensitive to thyroid hormones.

The main effects of thyroid hormone deficiency on the development of the central nervous system
(CNS), expressed in chronological order, are:
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* Reduction of progenitor expansion.
¢ Deficits in neuronal migration.
¢ Delayed neuronal proliferation.
* Decreased expression of neuronal differentiation factors.
¢ Reduction of the thickness of the cortex.
e Cortical dysplasia.
e Abnormal cerebellar cortex.
¢ Worsening of dendrite and axon development.
¢ Decreased expression of proteins involved in synapse plasticity.
* Delayed myelination.

During pregnancy, maternally synthesized thyroid hormones cross the placental barrier via a speci-
fic transporter for thyroid hormones that appears to be more selective for T4. There it is converted
to T3 by placental desiodases. Thus, maternal T3 can reach foetal tissues before maturation of the
foetal thyroid gland occurs. In the CNS, T3 results from the in situ transformation of T4 due to the
presence of desiodases with a specific distribution that are essential for tissue development and
differentiation (Morreale de Escobar et al., 2000).

Experimental models represent very well what happens with foetal TH deficiency in humans. If
the foetus is a carrier of a genetic deficiency in the hormone signalling pathway, if there is maternal
hypothyroidism, or endocrine disruptors alter the availability of T3 and T4, it is going to cause an al-
teration in the achievement of psychomotor milestones and their neurological outcomes in children
(Rovet, 2014).

However, these results are affected differently depending on the duration of exposure to thyroid
hormone deficiency in the foetus. The early development of foetuses with congenital hypothyroi-
dism is protected by maternal hormones. Therefore, the brain areas affected in this situation are
those that develop in the later stages: spatial and associative memory, language and auditory pro-
cessing, as well as attention and executive processing. Gross motor skills, visual processing, visual
attention and event memory appear to be affected when thyroid hormones are lacking in the first
trimester, as a consequence of iodine deficiency or maternal hypothyroidism. Human MRI studies
also found differences in cortical abnormalities (thinning and thickening) between congenital hypo-
thyroidism and maternal hypothyroidism, although further studies confirming these findings are
needed (Lischinsky et al., 2016).

As shown in animal studies, a lack of thyroid hormones can lead to irreversible deficits in brain
cytoarchitecture and development. Results from a Danish prospective study revealed an increased
risk of seizure disorders, autism spectrum disorder, attention deficit disorder, hyperactivity and other
psychiatric conditions among patients born to mothers with thyroid dysfunction (Andersen et al., 2014).

The most frequent causes of maternal thyroid hypofunction may be mainly iodine deficiency or
autoimmune thyroid diseases.

Maternal hypothyroxinemia occurs when plasma TSH levels are normal, but T4 is abnormally
low. It has been mainly associated with iodine deficiency, but an important new development is that
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other factors such as environmental disruptors, obesity, iron deficiency and impaired angiogenic
factor (Dosio and Medici, 2017) may also be involved. Recent studies investigating the effects of
hypothyroxinemia on foetal neurological development have generally reported a negative corre-
lation, especially when it occurs during the first trimester (Rovet, 2014). However, data on the later
stages of pregnancy are less consistent (Dosio and Medici, 2017).

A recent meta-analysis observed that maternal subclinical hypothyroidism and hypothyroxine-
mia are associated with an increased risk of impaired childhood cognitive development (OR (odds
ratio): 2.14; 95 % Cl (confidence interval): 1.20 to 3.83; p= 0.01, and OR: 1.63; 95 % Cl: 1.03 to 2.56; p=
0.04, respectively). Maternal subclinical hypothyroidism and maternal hypothyroxinemia were not
associated with attention deficit hyperactivity disorder, and their effect on autism risk was unclear
(Thompson et al., 2018).

When the mother has subclinical hypothyroidism (SH) with thyroid autoantibodies, this can lead
to a significant reduction in maternal TH supply to the foetus, especially in early pregnancy. Clini-
cal studies in mothers with autoimmunity during pregnancy have revealed an association between
high antibody titres and attention problems in children (Ghassabian et al., 2012). It must be noted
that, after adjusting for TSH, this association was milder. The possible transient effect of maternal
thyroiditis on the offspring or the autoimmune involvement of different pathways in foetal neurode-
velopment could explain the different results in the literature.

3. lodine sources

lodine is a trace element that is naturally present in food or added to it, although it can also be part
of food supplements and medicines.

lodine is found in nature in several forms: inorganic sodium and potassium salts (iodides and
iodates), inorganic diatomic iodine and organic monoatomic iodine (Patrick, 2008). The earth’s soils
contain varying amounts of iodine, which in turn affects the iodine content of crops and also animal
foods. In some regions of the world, iodine-deficient soils are common, which increases the risk of
iodine deficiency among people consuming food from those areas.

3.1 Food, naturally

lodine is rarely found in nature in free form and generally occurs as iodide and iodate. lodine
minerals are found in igneous rocks and soils. It is released by weathering and erosion and, due
to its solubility, is leached by rainwater into surface waters, the sea and oceans. Thus, the soil
becomes increasingly poor in iodide (Triggiani et al., 2009). Older mountainous regions such as
the Himalayas, the Andes and the Alps, the minor mountain ranges of Africa and flooded river
valleys are among the most iodine deficient areas in the world. The elemental iodine released
sublimates in the atmosphere due to its volatility and is precipitated by rainfall on the soil surfa-
ce, where plants, which do not need this element, absorb small amounts of iodide. When the soil
is poor in iodine, plants and animal tissues have a low content of this mineral and humans are
exposed to iodine deficiency if the diet is based solely on food produced in these areas (Triggiani
et al., 2009).
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Vegetables generally do not provide adequate iodine in the diet (Lentze, 2001) (Krajcovicova-
Kudlackova et al., 2003). In contrast, animal-based food (milk and dairy products, eggs, fish and
meat) represent an important dietary source of iodine in human nutrition. The iodine content of ani-
mal tissues depends on the type of feed and iodine supplementation in the animal feed. Seaweed,
shellfish and fish are rich in iodine because sea plants and animals can concentrate iodine from
seawater. Freshwater contains less iodine than saltwater and so do fish living in rivers or lakes
(Underwood and Suttle, 2001).

3.2 Food iodization

Processed foods may contain slightly higher levels of iodine if iodized salt or iodine-containing food
additives, such as calcium iodate and potassium iodate, are added. lodophors, used as sterilizing
agents in the dairy industry, add iodine to the food chain.

According to WHO (2007a), salt iodization has been implemented in 40 European countries, being
mandatory in 13 countries, voluntary in 16 and unregulated in the remaining countries. The amount
of iodine added ranges from 10 to 75 mg/kg of salt, with most values within the range of 15 to 30 mg/
kg. The iodine content in infant formulae and follow-on formulae is regulated by specific regulations
(BOE, 2008).

3.3 Food supplements and medicines
Food supplements containing vitamins and minerals often provide iodine in the form of potassium
iodide or potassium iodate, usually at a dose of 150 pg (NIH, 2020).

lodine is also present in supplements containing seaweeds such as Spirulina platensis, Chlorella
pyrenoidosa or Fucus vesiculosus. In these cases, the nutritional information on the labelling inclu-
des the significant amount of iodine in the supplement, although if iodine is part of the composition
of the ingredient, for example, seaweed, the amount of iodine it provides may not be listed.

In 2004, the Spanish Agency of Medicines and Medical Devices (AEMPS) authorized the marke-
ting of potassium iodide in Spain as a medicinal product for the prevention and treatment of iodine
deficiency in pregnant and nursing women. These medicinal products provide between 100 and 300
ug of iodine, although not all are included in the funding of the National Health System.

Finally, it must be taken into account that there are other medicinal products that constitute a
significant source of iodine, such as those containing amiodarone (antiarrhythmic drug) or topi-
cal antiseptics, such as povidone iodine or radiological diagnostic agents. For example, 200 mg of
amiodarone contains 75 mg of organic iodine (Ylli et al., 2021), while iodinated contrast materials
may contain an amount of this element reaching 18-45 g, for example, for performing a CT scan
(Bednarczuk et al., 2021).
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4. lodine intake

4.1 Recommendations for iodine intake in pregnancy and lactation. Me-
thods for the study of iodine nutrition

As discussed in the above section, the daily intake of iodine recommended by the WHO is 90 g for
children under 5 years of age, 120 ug for the population between 6 and 12 years of age and 150 pg
for adolescents (over 12 years of age) and adults (WHO, 2007a). During pregnancy and breastfee-
ding, there is an increase in iodine requirements due to several factors. First, maternal thyroxine
production can be increased by up to 50 %, which, according to Delange (2007), can result in an
approximate increase in iodine requirements of about 50 pg/day. There is also a transfer of iodine
and thyroxine to the foetus, which, in total, Delange estimates at about 50 pg/day of iodine. Finally,
there is an increase in renal iodine clearance, although this same author questions its real effect
since there are clear disagreements in the literature. In the case of breastfeeding, the passage of
iodine into breast milk should be considered. In total, this author estimates the increase in requi-
rements at 100 pg/day of iodine, which added to the requirements of the adult population results
in a recommendation of 250 pg/day. Based on this, a WHO Technical Committee established the
recommendation of a daily intake of 250 pg (WHO, 2007a) (Vitti, 2022) for both pregnant and breast-
feeding populations. Although there is a certain unanimity on the part of different organisms when
establishing the requirements of 150 pg/day of iodine in the adult population, there are substantial
differences when they are established for the population of pregnant or nursing women. EFSA (2014)
proposes an adequate iodine intake during pregnancy of 200 pg, in women with adequate pre-preg-
nancy nutritional iodine status. The difference with respect to the WHO recommendation lies in the
estimate of iodine that is transferred from the mother to the foetus. The calculation on which WHO
(Delange, 2007) is based assumes an average transfer of 50 pg/day and, in contrast, in EFSA’s calcu-
lations itis only 4 pg/day. The American Institute of Medicine (I0M, 2001) makes a recommendation
for pregnant women that is lower than that of the WHO (220 versus 250 pg/day), which, according to
Delange, itis because they do not consider the increase in T4 production during pregnancy. The di-
fference is most marked in the recommendations set out in the Nordic Nutrition Recommendations
(NNR, 2022), which in the case of pregnancy indicate an increase of 25 pg/day, based on the same
principles used by Delange. The paper assumes that renal clearance is increased by 30-40 % and
thatiodine transfer to the foetus is about 7 pg/day, according to a 1984 study by Delange (Delange et
al., 1984), being much lower than that calculated by Delange himself in 2007 (Delange, 2007). There
is no measurement of the increase in maternal thyroxine synthesis. The Spanish Federation of Nu-
trition, Food and Dietetics Societies (FESNAD) (2010) establishes recommendations similar to those
made by the NNR (2022) based on recommendations from Ireland and France. The AESAN Scientific
Committee, for its part, in 2019, based on the reference literature, establishes Nutritional Reference
Intakes similar to those of EFSA (Table 3).

The most widely used parameter for the study of the nutritional iodine status of a population is
the analysis of its urinary excretion or ioduria, which is a good marker of recent iodine intake, since
its intestinal absorption is 92 % and, in healthy iodine-sufficient adults, more than 90 % is excreted
in the urine within 24-48 hours (Zimmermmann, 2012). The collection of 24-hour urine is difficult
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to implement in epidemiological studies, so a urine sample is usually analysed, extrapolating to
24 hours, if the ioduria/creatinuria ratio is included. The analysis of ioduria expressed in pg/I also
correlates with iodine intake. In any case, these techniques are highly variable and not very ac-
cessible in the clinical practice, so their usefulness for the study of the nutritional status of iodine
in individuals is limited and they are used especially for the study of populations. WHO considers a
population to have adequate iodine nutrition when the median ioduria is between 100 and 199 pg/I
(WHQ, 2007b). In pregnant women, the median ioduria should range from 150 to 249 ug/I (ICCIDD,
2007), and in nursing mothers and children under 2 years of age it should be above 100 pg/I (ICCIDD,
2007). Median ioduria values below 100 ug/l in children and adults indicate insufficient iodine intake
in the population, although iodine deficiency is not classified as severe until the median ioduria is
below 20 pg/I. More recently, thyroglobulin measurement has been proposed as a marker of iodine
deficiency (Stinca et al., 2017).
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4.2 Current status of iodine nutrition in Spain

Historically, Spain, like most European countries, has suffered intensely from the effects of iodine
deficiency. However, the last decade has seen a substantial and positive change with regard to
iodine nutrition. Two studies carried out on representative samples of the Spanish population de-
monstrate this change. A study conducted in more than 5000 people older than 18 years showed a
median ioduria of 117 pg/I (Soriguer et al., 2011) and in the one conducted in a child population the
median reached 173 pg/I (Vila et al., 2016). In both cases, the criteria for adequate iodine nutrition
are met (IGN, 2021). However, with respect to the adult population study, it should be noted, on the
one hand, that a median of 117 pg/l implies that a significant part of the population has an ioduria be-
low 100 pg/l, and on the other hand, that the median ioduria of women of childbearing age, although
theoretically adequate, would be insufficient in the case of pregnancy. There is no nationwide study
on iodine nutrition in the pregnant population.

In the last decade, there have been several local or regional studies assessing the nutritional
status of iodine in pregnant women in Spain, which show disagreeing results (Santiago et al., 2013)
(Velasco et al., 2013) (Menéndez et al., 2014) (Torres et al., 2017) (Ollero et al., 2020) (Gonzalez-Mar-
tinez et al., 2021) (Melero et al., 2021) (Murillo-Llorente et al., 2021) noting that the median ioduria
ranges from 57 to 242 g/l (Table 4).

Table 4. Intake of iodized salt and use of iodized medicinal products and food supplements in the first trimes-
ter of pregnancy in Spain. Data from the last decade
Number of . Percentage Percentage
Median of women
. pregnant . . a of women -
Reference Population ioduria . receiving
women (ng/l) consuming potassium
. L o
included iodized salt (%) iodide (%)
Santiago et al. (2013) Jaén 131 109 31.9 Randomization
Velasco et al. (2013) Mélaga 233 126 42.2 83.3
Menéndez et al. (2014) Asturias 173 197 46.8 50.8
Torres et al. (2017) Catalonia 945 172 35.7 46.8
Murillo-Llorente et al. (2021) Valencia 261 57 49 70.5
Ollero et al. (2020) Pamplona 400 242 55.3 98.5
Gonzélez-Martinez et al. (2021) Oviedo 318 1715 51.1 87.08
Melero et al. (2021) Madrid 2523 123" 405 8'577

"Adequate iodine nutrition of a pregnant population is considered when the median is greater than 150 pg/I.

“Estimated average daily iodine intake. “"Pre-pregnancy.

5. Prevention of iodine deficiency
5.1 Prevention Strategy of the World Health Organization (WHO)
WHO (2007a) proposed the following program for the control and eradication of iodine deficiency:

1. Status analysis (Prevalence of iodine deficiency and iodine consumption study).
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2. Dissemination of the results and benefits of the eradication of “lodine Deficiency Disorders”
among health professionals and the population.

3. Planning of a public health program with multidisciplinary teams of experts and representati-
ves of the Public Health Departments.

4. Involvement of political agents.

5. Implementation of the program (training of professionals, involvement of the salt industry and
public awareness campaigns).

6. Periodic evaluation and monitoring.

The WHO considers that the best method for the prophylaxis of iodine deficiency is the use of iodi-
zed salt because it is the most easily accessible food for the entire population. In addition to being
effective, prophylaxis by salt iodization is safe and cost-effective (WHO, 2014).

M Required
Non-compulsory
B Unknown

Figure 1. Map showing the mandatory use of iodized salt in the world. Source: (GFDx, 2023).

5.2 Strategies to prevent iodine deficiency in Europe
As far as Europe is concerned, strategies for the prevention of iodine deficiency are mainly linked
to the supply, access and consumption of iodized salt by the population and are articulated through
six major challenges (WHO, 2007a):
¢ Strengthen the monitoring and evaluation of national iodine deficiency prevention and control
programs in European Union (EU) countries, including monitoring of the iodine status of natio-
nal populations.
e Ensure sustainable implementation of Universal Salt lodization (USI) in all EU countries by har-
monizing relevant legislation and regulations.
* Ensure adequate quality control and quality assurance procedures to strengthen the traceabi-
lity of iodine-enriched foods, especially salt iodization, from producer to consumer.
¢ Increase awareness among political leaders and health authorities on the social and public
health dimensions of iodine deficiency and the need to implement and maintain programs for
its control.
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¢ Educate the public on the need to preventiodine deficiency through the consumption of iodized
salt, thereby also increasing consumer awareness and demand.
¢ Consider iodine supplements for the most susceptible groups (pregnant women and young
children) when there is insufficient iodized salt and take into account public health policies to
reduce salt consumption.

For this purpose, the EU proposes a political strategy with the development of the above points
focused on the eradication of iodine deficiency (WHO, 2007a):

1. Assessment of iodine status
In this section, it is considered key to have a recent iodine database of the population on which
to base and thus be able to implement a program to control iodine deficiency in the population.

2. Application of USI (Universal Salt lodization)

There is universal agreement on the application of iodized salt programs in terms of USI since
almost all European countries have iodized salt that guarantees such programs in terms of quality
and sustainability within the framework of the legislation on this productin each country. Itis em-
phasized that most of these programmes are voluntary so that information and awareness of the
problem of iodine deficiency should be consistent and not interrupted by political or social ups
and downs. A current conditioning factor is the decrease in salt intake for health reasons (high
blood pressure) and the differences in iodized salt content of foods in different countries and in
national regulations and legislation.

Therefore, a future strategy lies in the harmonization of legislation and regulations on iodization
and the uniformity of criteria for iodine addition processes in foods.

3. Special attention to infants and pregnant women
The focus is on iodine supplements for pregnant and breastfeeding mothers so that the foetus,
newborn or infant does not suffer brain damage or thyroid hormone problems that may be caused
by iodine deficiency and may lead to irreversible neurointellectual damage in the future.

4. Application of alternative strategies to correct iodine deficiency
Adequate application of the US| is essential for the iodine deficiency control program; however, it
is key that all countries apply itin an adequate and consistent manner for an adequate adjustment
of the amounts of iodine especially in pregnant women, infants and children using salt iodization,
supplements with iodized oil or other products containing micronutrients including iodine.

5. Monitoring and evaluation
Monitoring is key to the eradication of iodine deficiency; therefore, the strategy is based on mo-
nitoring the status of iodine levels and thyroid function using median ioduria, as well as neonatal
screening of TSH as a measure of brain damage, with the collaboration of all countries, in order
to compensate and standardise analytical capabilities.

o
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On the other hand, itis considered essential to monitor the introduction of the use and application
of iodized salt in households and in the food industry in order to monitor iodine consumption and
possible excess consumption, which is also a health risk.

6. Legislation
It is indicated that there is a need for legislation on salt iodization, mechanisms for continuous
monitoring of such legislation, as well as information strategies on the need for the use of iodized
salt to convince consumer populations that are sceptical of these programs and prefer products
that provide natural salt, which is not iodized.

7. Economic impact
lodine control programmes have been shown to be very cost-effective and have an impact on
economic productivity and national neurointellectual capabilities, but such studies are very scar-
ce, so their promotion is needed.

8. Promotion and partnership
Develop a promotion, education and communication approach on the importance of preventing
iodine deficiency aimed at the public, national health authorities and the food industry.

In line with these strategies developed by the EU is the Krakow Declaration launched in 2018 by the
EUthyroid Consortium (EUthyroid Consortium, 2018), which highlights the threat of iodine deficiency
disorders to people’s global health and the diversity of adverse effects leading to a significant bur-
den on public health systems. Furthermore, it is stated that such disorders receive little attention
from legislators, opinion leaders and the public, thus showing concern in the political interest of pu-
blic health strategies against iodine deficiency disorders in European populations (Vila et al., 2020).
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Figure 2. Map showing the mandatory use of iodized salt in Europe. Source: (GFDx, 2023).

The following table (Table 5) shows the strategies carried out in relation to iodized salt in some EU

countries, as well as the regulations covering them.
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with respect to adequate iodine intake
Regarding risk assessment on iodine deficiency, in several EU countries, including, for example,
Germany (BFR, 2021, 2022), Portugal (Limbert et al., 2012) (Costa Leite et al., 2017) (Ferreira et al.,
2021) (Pinheiro et al., 2021) (Carvalho et al., 2022) (Lopes et al., 2022) (Matta Coelho et al., 2022), Ne-
therlands (Verkaik-Kloosterman et al., 2017) (Bath et al., 2022), Greece (Zois et al., 2003) (Koukkou et
al., 2017), Poland (Trofimiuk-Miildner et al., 2020), Estonia, Hungary, Montenegro or Spain (Soriguer
et al., 2012) (Vila et al., 2016), studies have been carried out on iodine intake in the population, espe-
cially in groups considered at risk for iodine deficiency, such as pregnant and breastfeeding women
and children. In some cases, studies have analysed the relationship between the consumption of
iodized salt (population-based surveys) and urinary iodine levels in these at-risk groups, as well as
the relationship between iodized salt consumption and its impact on iodine deficiency diseases or
disorders. Furthermore, in some countries, such as the Netherlands (Vellinga et al., 2022), France
(ANSES, 2018), Austria (AGES, 2021) or Spain (AESAN, 2012, 2021b), risk assessment reports have
been drawn up on the consumption of seaweed and the risk that excessive iodine intake through
these foods may pose.

In addition, public institutions responsible for food safety in various EU countries, such as Bulga-
ria, the Czech Republic, Germany, Greece and Switzerland, among others, have developed different
communication strategies and actions to promote information, education and health promotion in
the field of nutrition, in particular, on adequate iodine intake, especially in pregnant and nursing
women, in order to raise public awareness of the risks and consequences of both iodine deficiency
and excess, through the media, the websites of official bodies or by distributing information material
through health professionals.

As a safe and effective strategy for the prevention and control of iodine deficiency disorders,
WHO recommends fortifying all food-grade salt used in households and food processing with iodine
(WHO, 2014, 2022). Moreover, it states, not only that this strategy is compatible with measures aimed
atreducing sodium intake in order to reduce blood pressure and the risk of cardiovascular disease,
but that these are cost-effective measures of great public health benefit (WHO, 2022, 2023).

Although WHO recommends that iodized salt should be universally used, Spain, like many other
countries, opted for voluntary consumption. In Spain, the marketing of iodized salt was authorized
in April 1983 by Royal Decree 1424/1983 (BOE, 1983). This approved the technical-health regulations
for the production, circulation and sale of edible salt and brines, which defined iodized salt as salt
to which “potassium iodide, potassium iodate or another iodized derivative authorized by the Gene-
ral Directorate of Public Health has been added, in the appropriate proportion so that the finished
product contains 60 milligrams of iodine per kilogram of salt, with a tolerance of 15 percent”. This
concentration exceeds that of other European countries, with the exception of the salt used in the
Netherlands for bread production (Gerasimov, 2009). This facilitates the recommendation to reduce
salt consumption (AESAN, 2022) (WHO, 2023) while advising the consumption of iodized salt, so that
a minimum amount, around 2 g, would cover the iodine needs of a large part of the population.

The voluntary use of iodized salt requires campaigns to explain to the population the need to
consume this type of salt instead of common or sea salt. These campaigns should be included in a
public health programme, as indicated by WHO (2007a). In Spain, the marketing of iodized salt was
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authorized, but it was not accompanied at that time by an information campaign that could have a
significant impact on the population, nor was it translated into specific actions at the state level for
the implementation of the guidelines proposed by the WHO. In 2003, the Interterritorial Council of
the National Health System approved resolutions recommending the consumption of foods rich in
iodine, such as fish, dairy products and iodized salt (CISNS, 2003). It also indicated the importance
of ensuring adequate iodization of pregnant or breastfeeding women through the provision of po-
tassium iodide. The exclusive use of iodized salt was also recommended in school canteens in all
autonomous regions (CCAA), but this has not been generalized (Vila et al., 2020). Although excellent
material was produced and an important distribution was made, the action was one-time and did
not last long. In 2004, the Directorate General of Pharmacy and the Spanish Medicines Agency au-
thorized the marketing of potassium iodide as a medicinal product, to be administered to pregnant
and breastfeeding women, and included in the public financing of the National Health System. The
approval of this medicinal product allowed and allows to protect a large part of pregnant women
from IDD in Spain. In 2004, the General Directorate of Public Health, in agreement with the working
group on lodine Deficiency Disorders of the Spanish Society of Endocrinology and Nutrition (SEEN),
carried out an awareness and information campaign aimed at health professionals, pregnant wo-
men and the general population.

In 2006, at the proposal of the Ministry of Labour and Social Affairs, the Council of Ministers
approved the National Strategic Plan for Children and Adolescents 2006-2009, which included, in
the list of measures: “Promote actions for the prevention of spina bifida and eradication of iodine
deficiency disorders, to prevent the serious consequences that this deficiency causes in children
and adults” (MTAS, 2006).

On the other hand, the transfer of health care competencies to the different autonomous regions
has allowed them to implement Public Health Programmes for the prevention of ID; however, their
role has been very unequal. In Asturias, the Basque Country, Catalonia and Galicia, clearly defined
Public Health Programmes have been carried out, although it is worth noting that Asturias has been
the autonomous region in which the plans for the prevention and control of ID have been maintained
almost up to the present day. A noteworthy action was the mandatory use of iodized salt in school
canteens in the autonomous regions of Andalusia, Galicia and Asturias (Vila et al., 2020). In other au-
tonomous regions such as Andalusia, Aragon, Extremadura or Madrid, isolated actions have been
carried out that are notincluded in an integrated Public Health Program. Finally, it should be noted
that some autonomous regions, such as Cantabria and La Rioja, lack epidemiological studies.

6. lodine consumption in Spain and other European countries
6.1 lodized salt
As in other European countries, salt iodization and its use is voluntary in Spain. Approximately 10

years ago, two studies were carried out to estimate its consumption in the Spanish population.
In the Di@bet study, conducted on more than 4000 adults, iodized salt consumption was obser-
ved among 43.9 % of the population evaluated (Soriguer et al., 2012). Subsequently, an iodized salt
consumption of 69.8 % was observed in the Tirokid study (Vila et al., 2016), conducted in a child
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population aged 6-7 years. The difference between the two results may be due to the fact that in
the Dia@bet study the survey was conducted in an outpatient clinic. In contrast, in the Tirokid study,
the survey was completed by the parents at home and it was emphasized that they should look at
the label on the package of the salt they consumed. Although in the Tirokid study the sample size
was not calculated for the analysis by autonomous regions, iodized salt consumption ranged from
59.6 % in the Region of Madrid to 80.4 % in Aragdn. The vast majority of results, overall for Spain or
by autonomous region, are far from the WHO (2007a) recommendation: more than 90 % of house-
holds should consume iodized salt.

With respect to iodized salt consumption among the pregnant population, there is no study that
covers the entire Spanish territory. In the last decade, several studies have been published that
illustrate its consumption (Table 4) in some provinces or autonomous regions, which show that it
ranges from 32 to 55 %, far from the WHO recommendation. There is no recent information on the
situation of breastfeeding women. A study conducted in Catalonia reported a significant increase
in the use of iodized salt from the first to the third trimester (from 35.7 % to 87.6 %) when midwives
were involved in education (Torres et al., 2020). If changes are made during pregnancy, they are
likely to persist after delivery. However, there are no data on this subject in our environment.

In summary, iodized salt consumption in Spain, for the most part, is lower than the WHO recom-
mendations, both in the general population and specifically in the pregnant population. On the other
hand, as mentioned above, the concentration of iodine in salt is one of the highest in Europe (60
ppm), which means that with a limited salt intake (around 2 g) the necessary iodine requirements
can be met.

An undervalued and extremely important aspect is the quality of salt iodization. There are few
data on this subject in Spain, but a study published in 1999 (Donnay et al., 1999) is noteworthy, in
which 27 packages of iodized salt obtained from different stores in the province of Cuenca were
studied. Accepting an iodine content of 60 mg iodine per kg of salt as adequate, with a tolerance of
15 %, 60 % of the “iodized salt” was found to be under-iodized and 25 % was found to be over-
iodized. This study was carried out after observing that iodine deficiency persisted even after an
intensive campaign to promote taking iodized salt instead of common or non-iodized salt. More
recently, a study reported at the European Congress of Endocrinology (albeit unpublished) (Arosa
et al.,, 2017) analysed 162 samples of salt packages from different autonomous regions and reported
that 67 % of salts containing iodide were out of range (51-60 pg/g); for those containing iodate, the
percentage of inadequacy was 43 %. In addition to the problems caused by deficient saltiodization,
iodine losses that may occur due to poor storage in the home or different types of cooking should
also be considered. With this regard, when promoting the change from common salt to iodized salt,
information should also be provided on how to reduce iodine losses from iodized salt.

There are no data in our environment on the use of iodized salt by the food industry, which must
appear as such on the labelling, in accordance with Regulation (EU) No. 1169/2011 (EU, 2011).
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6.2 Milk and dairy products
Milk and dairy products mean an important iodine intake in the European population due to their
relevance and frequency of consumption of these foods. lodine content in milk varies considerably
from one country to another, which is probably due to differences in agricultural practices. For
example, UK milk has a relatively high iodine concentration (427 pg/l) compared to other countries:
it provides 85 pg of iodine per glass of milk (200 ml), which constitutes approximately 57-34 % of the
WHO recommended iodine intake for adults (150 pug/day) and pregnant women (250 ug/day), respec-
tively (WHO, 2007a) (Witard et al., 2022).

In Europe, the average consumption of milk and dairy products in adults ranges from 180 to 450 g/
person/day (Table 6) (Van der Reijden et al., 2017).

Table 6. Total consumption of milk and dairy products in the adult population of selected European countries
and their contribution to the recommended daily allowance of iodine for adults
Contribucién a las idad
Coe adyoaraf ey | M98 oo consumpon | i e oo ) 0 st
OMS (2007a)

Lower total dairy consumption <300 g/day

France (2014; 2015) 184 13-26

Italy (2005; 2006) 190 13-27

Germany (2012; 2013) 191 13-27

Switzerland (2014; 2015) 215 15-31

United Kingdom (2008; 2012) 239 16-34

Ireland (2011) 268 18-38

Sweden (2010; 2011) 280 19-40

Increased total dairy consumption >300 g/day

Denmark (2003; 2008) 324 22-46

Netherlands (2012; 2014) 352 24-50

Finland (2007) 357 24-51

Spain (2006) 379 26-54

Norway (2010; 2011) 382 26-54

Iceland (2002) 393 27-56

The contribution of milk and dairy products to the recommended daily intake of iodine ranges from
13 % to 40 % at lower dairy intakes (<300 g/day) and 22 % to 64 % at higher dairy intakes (>300 mg/
day). Therefore, milk and dairy products probably play an important role as sources of iodine in
many countries. On the other hand, it is worth bearing in mind that in most countries cheese intake
accounts for only 5-10 % of the total intake of milk and dairy products (Van der Reijden et al., 2017).

In recent years, a reduction in the consumption of milk and dairy products has been observed in
children and adolescents in several countries, including Spain. Other studies also observed that the

L€ u 091)3uB19 9WOD [ap eISIABL |1}



LE ;U 0011}UaI0 9UWOD [ap EISIABL |

AESAN Scientific Committee: Nutritional status of women of childbearing age, during pregnancy and lactation
with respect to adequate iodine intake
intake of milk and dairy products decreases with age, and men tend to take a slightly higher amount
than women. However, these patterns were not conclusive for all countries (Fernandez et al., 2017)
(Van der Reijden et al., 2017).

A recent review carried out in the United Kingdom (Witard et al., 2022) highlights that the con-
sumption of milk and dairy products contributes 51 % of the total iodine intake in British children
aged 4to 10 years. In contrast, 27 % of girls aged 11-18 years have been reported to have low iodine
intake (NDNS, 2018) and pregnant women are classified as deficient, especially if they do not re-
ceive iodine supplements (Bath et al., 2015). In this study, milk intake was found to be significantly
associated with iodine status in pregnant women (median iodine:creatinine ratio in women with a
milk intake of 140 versus 280 ml/day: 72 versus 150 ug/g), whereas shellfish intake was not. Other
studies in adolescent females also show an association between iodine nutritional status and milk
intake, but not other foods, such as fish (Mullan et al., 2020).

The fact that milk intake is lower in adults than in children is problematic for the assessment
of the population as a whole. WHO recommends the evaluation of iodine nutritional status in the
population by evaluating school-age children. This may lead to an overestimation of iodine intake
if other particularly vulnerable population groups, such as pregnant women, have a lower intake of
dairy products.

6.3 Other foods

A systematic review was published in 2022 (Bath et al., 2022) that includes a total of 57 previous pu-
blished investigations, which included, in turn, 22 national-level epidemiological studies and 35 local
studies evaluating iodine intake at the national level in child population aged <10 years (n=11), 11 to
17 years (n=12) and adults (n= 15). In the case of pregnant women, data were only available at the
local level. The role of 8 food groups as sources of iodine was evaluated: 1) milk and dairy products;
2) fish; 3) cereals; 4) eggs; 5) meat and poultry; 6) fruits, vegetables and potatoes; 7) beverages,
including alcoholic beverages; and 8) miscellaneous (which includes condiments and may include
iodized salt if declared). This review reported that, although the main source of natural iodine in
foods is milk and dairy products, there are also sources of iodine from other foods such as fish, and
bread in some countries through the use of iodized salt. This fact puts individuals in the population
who avoid these foods, such as vegans, vegetarians and people with gluten or lactose intolerance,
at risk of iodine deficiency.

The consumption of iodine from foods other than iodized salt and dairy products, and, therefo-
re, its contribution to the diet, depends largely on the country considered, the age group, and the
gender in each country. Specifically, although milk contributes more than half of the iodine intake
of children in Norway and the United Kingdom and more than one third of the intake of adults in Fin-
land, Norway, the United Kingdom and Ireland, in Belgium and Ireland bread and cereals contribute
between 49 and 59 % of iodine intake (children and adults) due to the use of iodized salt in bread.
If iodized salt is not used in these products, the contribution is reduced to 12 % of the total in the
United Kingdom and only 2 % in Spain for adults. It should also be highlighted that fish contributes
47 % of iodine to the adult diet in Iceland, 32 % in Spain (AESAN, 2015) and 21 % in Norway, but in
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the other countries it contributes <15 %. In children, fish contributes 18 % of the intake in Norway,
but contributes 10 % in countries such as the United Kingdom.
Finally, eggs are an important source of iodine in adults in Spain, contributing 13 % (AESAN, 2011).
In other countries, eggs provide 2-7 % of iodine intake (Bath et al., 2022).

6.4 Nutrition and health claims for iodine-containing foods
The labelling, format and advertising of an increasing number of foodstuffs contain nutrition and
health claims. The primary objective of the European legislation regulating it is to ensure a high
level of consumer protection and to make it easier for consumers to choose the healthiest option
among different foods. In addition, European regulations ensure that nutrition and health claims are
truthful, clear, reliable and useful to the consumer. The claims are voluntary, i.e., they are not part of
the mandatory statements that must appear on food labelling. However, if a food operator decides to
use them, it must do so in compliance with the conditions of use established for each of them and, in
addition, they must comply with rules clearly established in the current regulations. In general, it is
important to know that all nutrition and health claims that are authorized have previously undergone
a procedure in which it has to be demonstrated that they are based on robust scientific data that are
evaluated by EFSA and authorized at the European level (AESAN, 2021a).

In accordance with the provisions of Regulation (EC) No. 1924/2006 on nutrition and health claims
made on foods (EU, 2006), the following nutrition claims relating to iodine may be used on foods that
meet the conditions of use set out in that European standard and summarized below (Table 7).

Table 7. Nutrition claims for iodine-containing foods

Nutrition declaration Conditions of use of the declaration

Source of iodine A claim that a food is a “source of iodine”, and any claim likely to have the
same meaning for the consumer, may only be made if the product contains
22.5 g of iodine per 100 g or 100 ml in the case of food other than bevera-
ges, and 11.25 pg of iodine per 100 ml in the case of beverages

High iodine content A claim that a food is “high in iodine”, and any other claim likely to have
the same meaning for the consumer, may only be made if the product con-
tains at least twice the value of the “iodine source”

Contains iodine A food may only be claimed to “contain iodine” under the conditions co-
rresponding to the claim “source of iodine”

Regarding health claims for iodine-containing foods, Regulation (EU) No. 432/2012 establishing a list
of authorized health claims made on foods (EU, 2012), indicates that the health claim (Table 8) may
be used on those foods that are “Source of iodine” or where “High in iodine” or “Contains iodine”
is labelled, as set out in Regulation (EC) No. 1924/2006 (EU, 2006).
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Table 8. Health claims for foods containing iodine

lodine contributes to normal cognitive function

lodine contributes to normal energy metabolism

lodine contributes to the normal functioning of the nervous system

lodine contributes to the maintenance of normal skin conditions

lodine contributes to normal thyroid hormone production and normal thyroid function

lodine contributes to the normal growth of children

6.5 lodine supplements
The importance of iodine in pregnancy and the difficulty of ensuring an adequate nutritional status in all
pregnant women, with the risk to foetal health that a possible deficiency entails, could justify, in some
cases, giving supplements with this element, either in the form of a food supplement or as a medicine.
The authorization by the AEMPS in 2004 of medicinal products with potassium iodide as an active
ingredient for pregnant and breastfeeding women was a very significant change in the prevention
of iodine deficiency in this population. However, as the iodine nutrition of the population improved
(Soriguer et al., 2012) (Vila et al., 2016) the dilemma of the need for universal supplementation, i.e.:
to all pregnant women versus individualized supplementation targeting at-risk populations with low
iodine intake, was raised. In 2014, the SEEN working group on Disorders related to lodine Deficiency
and Thyroid Dysfunction, with some disagreement within it, published a position paper advocating
universalization (Donnay et al., 2014). Shortly before, in 2012, as a result of a workshop on this topic,
the Bilbao Document (Jaldn et al., 2012) was produced, which advocated individualization. Also in
2014, in the “Guia de practica clinica de atencion en el embarazo y puerperio” (Clinical Practice
guideline for the management of pregnancy and post-partum period) published by the Ministry of
Health, Social Services and Equality, the following recommendation was made: “Pharmacological
supplements during pregnancy with potassium iodide at doses of 200 ug/day is suggested for wo-
men who do not reach the recommended daily amounts of iodine intake with their diet (3 servings of
milk and milk derivatives + 2 g of iodized salt)”. (MSSSI, 2014).
lodine can also be administered through food supplements containing vitamins, minerals and
trace elements that usually provide a dose of 150 pg of iodine.
WHO recommendations regarding iodine supplements during pregnancy (WHO, 2007c) are esta-
blished according to the iodine nutrition status of each country:
e Category 1: 90 % of families have been consuming iodized salt for more than 2 years. All salt is
iodized. Median ioduria >100 pg/!:
Universal supplementation is not required.
e Category 2: 20-90 % of families consume iodized salt and not all salt is iodized. Median ioduria
<100 pg/l:
Supplement.
o Category 3: <20 % of families consume iodized salt and it is not easily accessible. Median
ioduria <20 pg/I:
Supplement.
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In the same document, the following comment is worth noting: “However, the Consultation recog-
nized that it has limitations as the prevalence of households reached by iodized salt at the national
level may mask variations within countries between regions or districts: some may have achieved
universal salt iodization, but this may not be the case at the national level, while some regions or dis-
tricts may not have reached universal salt iodization even though the country has. In other words,
the policy on iodine supplementation for pregnant women and young children should be adjusted as
far as possible to take into account such variations within the country. This may require an assess-
ment of iodized salt coverage before designing a supplementation program” (WHQ, 2007c).

The data available in Spain indicate that the situation in our country is between Category 1 and
Category 2: the median ioduria of the adult and child population is higher than 100 pg/I (according to
the adult Dia@bet study): 117 ug/l (Soriguer et al., 2012) and according to the Tirokid study: 173 pg/I
(Vila et al., 2016)), although iodized salt consumption does not reach the levels recommended by
WHO (more than 90 % of households should consume iodized salt) (WHO, 2007a). The data included
in Table 4 show that less than half of pregnant women consume iodized salt and that more than
70 % receive iodine supplements. Therefore, it is likely that the supplements are largely responsible
for the adequacy of iodine nutritional status.

The benefit of iodine supplements for pregnant women in areas with mild or moderate iodine defi-
ciency, a situation in most of the autonomous regions of Spain, has also been extensively discussed.
Table 9 shows a summary of the meta-analyses and systematic reviews published on the subject. As
can be seen, the literature shows a significant disagreement about the benefit of potassium iodide
supplements. When this type of disagreement exists in the literature, it seems that the best option
may be the good clinical judgement of the professionals.
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Table 9. Meta-analysis and systematic reviews on the effect of iodine supplements in pregnant women in
areas with mild to moderate iodine deficiency
No. of . -
Effect Reference . Conclusions on iodine supplements Summary
studies
Machamba et al. It may improve poor psychomotor deve-
8 ++
(2021) lopment
. No evidence of improved growth or neu-
Nazeri et al. . .
5 rological developmental outcomes in NS
(2021) .
infants
Dineva et al No effect on the cognitive development
' 3 of the children. Not enough evidence to NS
(2020b) S
support supplementation in these areas
Levie et al Verbal 1Q effect if supplements are initia-
Effect on ’ 3 ted in the first trimester (ioduria values ++
. (2019) -
neurocognitive >150 pg/g creatinine)
development Harding et al. There were insufficient data to draw me-
14 . ) NS
(2017) aningful conclusions
Taylor et al. 4 Discrete improvement in cognitive func- N
(2013) tion in children aged 6 to 18 months
Zhou et al. (2013) 8 Lack of quality of evidence NS
Bougma et al. 1Q improves by 7.4 points (supplements
20 +++
(2013) versus non-supplements)
Trumpff et al. 5 Weak evidence of benefit on neurocogni- N
(2013) tive development
. 1 Decreased thyroglobulin or maternal
Dineva et al. . ++
(2020b) thyroid volume. +
Effect on the 2 Decrease in maternal TSH
maternal gland
Ta%lzoorlgt) al. 7 Improved maternal thyroid function +

NS: not significant; 1Q: intelligence quotient; +,++ and +++ refer to the severity of the effect: mild, moderate and
high, respectively.

In summary, iodized salt consumption at homes in Spain does not reach the level recommended by
WHO. However, the iodine nutritional status, estimated through ioduria, is adequate in the gene-
ral population and especially in children. Most likely (and especially among the school population)
dairy products have contributed to these results (Soriguer et al., 2012) (Vila et al., 2016).

The studies conducted in Asturias (Menéndez et al., 2014) and Jaén (Santiago et al., 2013) report
that, in cases where iodized salt consumption was observed during the year prior to pregnancy,
adequate iodine nutrition was achieved without the need for iodine supplements. In a study conduc-
ted in Catalonia (Torres et al., 2017) the concomitance of iodized salt consumption and a daily dairy
intake equal to or greater than 2 servings was also sufficient to achieve adequate iodine nutrition.
However, iodized salt consumption is probably not the predominant factor in pregnancy. Not all stu-
dies in pregnant women show adequate median ioduria (Melero et al., 2021). In a survey conducted
in Madrid (Melero et al., 2021) it was observed that only 23.9 % of pregnant women had an estimated
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iodine intake of more than 150 pg/l; 40.5 % of women used iodized salt and 58 % consumed 2 or more
servings of dairy products.

7. lodine deficiency and excess risk situations

7.1 Risk of iodine deficiency

Based on the data discussed above, the iodine nutrition of pregnant women in Spain is highly va-
riable (Table 4). It should be noted that some of the results are favourably biased by the (desired)
effect of iodine supplements. However, if this supplementation did not exist, most probably part of
the pregnant population in our country would suffer mild to moderate iodine deficiency. There is no
statewide study to support this claim; however, an approach can be made by considering the Di@bet
study (Soriguer et al., 2012), in which the median ioduria among women of childbearing age was
114 pg/l. This median, theoretically adequate for the population of non-pregnant women (>100 pg/I),
would be clearly deficient for the same women in case of pregnancy (>150 pg/l). Also noteworthy
are the results of an unpublished study conducted by the AESAN, based on the National Food Sur-
vey on the Adult, Elderly and Pregnant Population (ENALIA-2) (AESAN, 2015), which estimated an
average iodine intake of 62 pg/day among the population of women aged 18 to 30 years (n=67); of 79
pg/day among those aged 31 to 50 years (n= 124) and of 76 pg/day in pregnant women (n= 144), an
amount below the recommended amount.

Along these lines, what scenarios would be associated with a risk of iodine deficiency in preg-
nant or nursing women? We would understand that there is a risk of deficiency when the intake
of iodine is lower than the recommended intake according to the WHO (Recommended Nutrient
Intake: 250 pg/l) (WHO, 2007a) or according to EFSA (2014) or AESAN (2019) when the intake is below
the “adequate intake” (<200 pg/I).

Establishing risk scenarios for iodine deficiency is complex since its sources are diverse, as is
the iodine content of the different food groups and their combination may be excessive and difficult
to consider. A recent study (Dineva, 2020a) compares three cohorts of pregnant women in Euro-
pe (Netherlands, United Kingdom, Spain) who had a complete dietary survey in addition to ioduria
analysis. The study shows that dairy products are the only food group that is positively associated
with ioduria in all three cohorts. In the Spanish cohort, the impact of dairy products on ioduria is
greater than that observed in the other two cohorts and, in addition, fish and iodized salt also contri-
bute significantly to ioduria. In Spain, these three food groups have characteristics that differ from
those of other countries. On the one hand, the iodine content of milk, which can reach an average of
259 ug/l, represents a significant iodine intake for the population (Soriguer et al., 2011). On the other
hand, the iodine content of salt is one of the highest in Europe (60 ppm) (BOE, 1983).

In order to assess the risk of deficiency, theoretical scenarios have been created based on the
frequency of consumption of foods that constitute the fundamental source of iodine.

The scenarios presented have some limitations: the iodine content of some foods, such as fish,
is variable; information on the use of iodized salt by the food industry is limited; excessive con-
sumption of processed foods in which iodized salt has not been used may limit iodine intake, even
if the salt used in food preparation at home is iodized. Other aspects that have not been included
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in the elaboration of these scenarios are seasonal changes in the iodine content of dairy products

(Arrizabalaga et al., 2020), the effect of cooking on iodine loss from iodized salt or the type of pre-

servation.

Scenario 1: Minimal risk of iodine deficiency:

a) Awoman who has been consuming iodized salt and dairy products (2 or more servings per
day) for more than 1 year and also consumes regularly other foods that are a significant
source of iodine, including fish.

b) A woman who has been consuming iodized salt for more than 1 year, but has a low/no
consumption of dairy products or other iodine-rich foods.

“Scenario 1a” undoubtedly guarantees an adequate iodine intake.

A recent study carried out by Torres et al. (2020) shows how, independently, milk, iodized

salt and iodine supplements favourably impact ioduria. Other studies report how iodized salt

alone is able to achieve adequate ioduria levels (Santiago et al., 2013) (Menéndez et al., 2014)

(Torres et al., 2017) (Gonzalez-Martinez et al., 2021). It is also relevant that the consumption

of iodized salt is done at least one year before pregnancy to ensure that the gland has good

iodine stores at the beginning of pregnancy (Santiago et al., 2013).

However, very few women would be part of this scenario in Spain. Different studies show a

low consumption of iodized salt at the beginning of pregnancy: 33 % in Jaén, 36 % in Catalonia

and 40.5 % in Madrid (Santiago et al., 2013) (Torres et al., 2017) (Melero et al., 2021). In Catalo-
nia, only 14 % of pregnant women consumed iodized salt and 2 or more servings of dairy per

day (Torres et al., 2017).

ii. Scenario 2: Moderate risk of iodine deficiency:

A woman who consumes 2 or more servings of dairy products per day and other iodine-rich
foods at least one year before the onset of pregnancy, but does not use iodized salt.

There is some disagreement about the risk of iodine deficiency in this group.

Most studies have primarily evaluated the role of dairy products as the main source of iodine.
Studies conducted in Catalonia (Torres et al., 2017, 2020) show, in the multivariate analysis,
that, independently, consuming 2 or more servings of dairy products is associated with ade-
quate ioduria in case of pregnancy. Some other study supports this finding (Soriguer et al.,
2012) (Bath et al., 2015). However, the two studies conducted in Asturias show that the effect
of adequate ioduria is attributable only to iodized salt and not to dairy products (Menéndez et
al., 2014) (Gonzalez-Martinez et al., 2021). The seasonal changes discussed above can also
substantially modify the iodine content in milk. In the study by Arrizabalaga et al. (2020) the
milk analysed in winter shows an average iodine level of 241 pg/l and in the summer-autumn
itis 162 pg/l.

Scenario 3: High risk of iodine deficiency:

A woman with no consumption of foods that are a significant source of iodine and who does
not use iodized salt.

Not consuming dairy products and, most especially, not consuming iodized salt is associated
with iodine deficient nutrition (Menéndez et al., 2014) (Torres et al., 2017, 2020) (Gonzalez-Mar-
tinez et al., 2021).
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Women who do not consume iodized salt and follow a vegan diet, who do not consume dairy,
fish or other animal sources of iodine, have been found to have an increased risk of iodine
deficiency (Eveleigh, 2020) (Koeder, 2022), if not supplemented with other sources of iodine.

The effect of smoking may increase the risk of iodine deficiency. The risk of iodine deficiency in
infants born to smoking mothers is especially noteworthy, due to the inhibitory effect of tobacco on
NIS. This involves a marked decrease in iodine uptake by the mammary gland, with a subsequent
decrease in its concentration in breast milk (Andersen, 2015). Smoking has not been found to increa-
se the risk of iodine deficiency during pregnancy (Torres et al., 2020); however, it is recommended
that pregnant women do not smoke or stay in environments with tobacco smoke (passive smoking).

Other factors, such as the educational level and socioeconomic status, can also influence iodine
intake. In the Di@bet study, it was observed that the uneducated population used less iodized salt
than the group with primary or secondary education (OR (odds ratio): 1.73; 95 %; Cl (confidence
interval): 1.39-2.16) or university education (OR: 2.23; 95 %; Cl: 1.71-2.92) (Soriguer et al., 2012). Also,
in the study carried out by Melero et al. (2021) in Madrid it was reported that pregnant women with
a lower educational level consumed less iodine. Dairy and fish consumption was also lower in the
population with a lower socioeconomic status (FEN, 2013).

In summary, the consumption of iodized salt and dairy products would guarantee an adequate
iodine intake in the population of pregnant women and also during the nursing period. lodized salt,
when used well before pregnancy, by itself, is able to provide an adequate amount of iodine. Some
studies also attribute this property to dairy products, although they are subject to more variations.
The percentage of women who regularly use iodized salt and also consume 2 or more daily servings
of dairy products is very low. The prevalence of iodized salt use, as a whole, is significantly higher,
but far from the 90 % recommended by WHO (2007a). In the study carried out by Melero et al. (2021)
only 35 % of the women surveyed consumed 2 or more daily servings of dairy. This study estimated
that only 25 % of women exceeded an intake of more than 150 pg per day of iodine before pregnancy
(Melero et al., 2021). Excluding potassium iodide supplements, most pregnant women in Spain have
a mild to moderate deficit. Low iodine intake in women is a situation that the White Paper on Nutri-
tion in Spain already considered a threat (FEN, 2013).

7.2 Risk of excess iodine

Most of the population is able to adapt to excess iodine. Initially, due to the Wolff-Chaikoff effect
(Wolff et al., 1949), the excess iodine causes a blockage of iodine uptake to resume, after a few
days, the normal functioning of the gland through the “escape” phenomenon. If this fails and the
blockage persists, hypothyroidism may be induced. This problem may occur more frequently among
the population with Hashimoto's thyroiditis, although some studies note a marked increase in the
prevalence of hypothyroidism in areas with a high iodine intake (Markou et al., 2001). It appears that,
in the foetus, the “escape” phenomenon is not sufficiently effective until about 36 weeks, making it
more vulnerable to hypothyroidism should the mother take excess iodine (Thomas and Collett-Sol-
berg, 2009) (Connelly et al., 2012).
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EFSA (2014), based on the opinion of the Scientific Committee for Food, establishes, as maximum
tolerable dose of iodine, the intake of 600 pg/day, both for adult and pregnant population. They
recognize that this figure is approximately half of the 1100 pg/day indicated by the IOM (2001) as
the maximum tolerable dose. They calculate this figure based on dose-response studies of short
duration and with a low number of participants. These studies observed that intakes of 1700-1800
pg/day would induce a greater elevation of TSH under intravenous Thyrotropin-Releasing Hormone
(TRH) stimulation (Gardner et al., 1988) (Paul et al., 1988). At the lowest concentration at which
adverse effects were observed, the following were observed,1700 pg/day, an “Uncertainty Factor”
of 1.5 was applied, resulting in 1100 pg/day, which was estimated as the cut-off point to define the
maximum tolerable dose of iodine. A WHO expert committee (2007c) states that intakes above 500
pg/day provide no additional benefit and should be avoided. Although there is no major evidence
defining safe upper limits (Eastman et al., 2019), some studies associate an increased risk of subcli-
nical hypothyroidism in pregnant women with iodurias with values above 500 pg/l (Shi et al., 2015)
(Corcino et al., 2019) and even in women with iodurias between 250 and 500 pg/I (Shi et al., 2015).
A study conducted in a Spanish population reported an increased risk of hyperthyrotropinemia
(TSH>3 mIU/I) among women receiving supplements of iodine 200 pg (Rebagliato et al., 2010). Along
these lines, the study by Moleti et al. (2011) observed higher TSH levels in women who received
iodine than in women who had been consuming iodized salt for more than 2 years. However, they did
not observe an increased rate of hypothyroxinemia. The TSH increase was attributed to a transient
stunning effect on the thyroid gland as a result of the sudden increase in daily iodine intake in wo-
men with mild to moderate deficiency, highlighting the importance of adequate iodine nutrition well
before pregnancy. Itis likely that Rebagliato’s results are due to the same process. More recently, a
meta-analysis (Katagiri et al., 2017), which included 5 studies with pregnant women, did not observe
any conclusive association between iodine excess and subclinical hypothyroidism.

As can be seen, there is some disagreements as to how much iodine intake may be harmful to
pregnant woman; however, WHO experts consider that exceeding 500 pg/day is not necessary as
it would not provide any additional health benefit and, in theory, may be associated with impaired
thyroid function (WHO, 2007c). The same document describes the iodine nutrition of a pregnant
population as “more than adequate” when the median iodine levels are between 250 and 499 pg/l.
As discussed, EFSA sets this limit at 600 pg/day (EFSA, 2014).

The following is a description of the main situations in which excess iodine may be present:

1. In Scenario 1 above, where the risk of deficiency is minimal, supplements of iodine 150 or 200

or 300 pg, by means of medicinal products or food supplements, could approach or exceed
500 pg of iodine. Thus, especially in Scenario 1a, it would not be necessary or appropriate to
administer iodine beyond the amount provided by natural foods or fortified foods (iodized salt).

2. Excess iodine from the consumption of seaweed has been associated with an increased pre-

valence of hypothyroidism and goitre (Markou et al., 2001). The iodine content of algae can be
very high, reaching values of up to 7088 ug/g dry weight (Romaris-Hortas et al., 2009). The most
extreme value was observed in kombu seaweed, coinciding with the analysis conducted by
AESAN (2019). According to a study conducted in Norway in which they analysed the iodine
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content of different seaweed products available on the Norwegian market, it was observed
that the iodine content was highly variable, and in the labelling, the declaration of iodine con-
tent was found to be inadequate or inaccurate in several of them (Aakre et al., 2021).

In the report drawn up by the AESAN Scientific Committee in 2012 (AESAN, 2012) on the evaluation
of the risk associated with the consumption of macroscopic algae with high iodine content, it was
concluded that, although at that time the consumption of this type of algae was not significant in the
Spanish population, it would be advisable to adopt 2000 mg/kg dry weight as the maximum limit of
iodine content of edible algae, regardless of the species.
More recently, AESAN has published recommendations for consumers on the consumption of
seaweed due to its iodine content (AESAN, 2021b), among which the following stand out:
¢ People with thyroid dysfunction or taking iodine-containing medicinal products should avoid
consuming food containing seaweed, especially kombu species (Laminaria japonica; Saccha-
rina japonica), due to the high levels of iodine in their composition.
¢ In the absence of sufficient data to measure the risk in the child population due to the iodine
content of seaweed, it is recommended to avoid its consumption by children, as well as by
pregnant or breastfeeding women.

In summary, if we accept as excess iodine intakes above 600 pg/day, following the EFSA propo-
sal, the consumption of seaweeds with high iodine content can greatly exceed this threshold. A
hypothetical risk of excess could also occur in the case of administration of iodine, in the form of
medicinal products or food supplements, to women included in Scenario 1a described above. The
harmful effect of excess iodine is especially focused on people with thyroid autoimmunity, which is
mostly expressed as hypothyroidism.

Conclusions of the Scientific Committee

¢ |odine is an essential element for the synthesis of thyroid hormones and must be taken at
adequate amounts. Pregnancy and breastfeeding are periods particularly sensitive to iodine
deficiency, since thyroid hormones are essential for the development and maturation of the
foetus and newborn brain.

e The main dietary sources of iodine are iodized salt, milk and dairy products and fish. In Spain,
as in some European countries, salt iodization is voluntary. The iodine content of iodized saltin
our country is one of the highestin Europe (60 ppm), which would allow the recommended daily
intake of iodine to be reached with a low consumption of iodized salt.

¢ Inwomen of childbearing age, pregnant or breastfeeding, the use of medicines or food supple-
ments with iodine guarantees an adequate intake of this nutrient, although the regular intake
of small amounts of iodized salt per day would also allow the iodine requirements to be met.

¢ The nutritional status of iodine in Spain is, in general, adequate, although it should be taken
into account that the use of medicines or food supplements that provide iodine is largely res-
ponsible for this situation. A low consumption of dairy products or not using iodized salt would
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significantly increase the risk of iodine deficiency in pregnant or breastfeeding women. As for
iodized salt, studies carried out in Spain show that its consumption in households is still below
the 90 % recommended by the WHO.

¢ The universal use of iodized salt, in households and in the food industry, would be a very useful
tool to achieve adequate iodine nutrition in the general population and especially in women
of childbearing age, during pregnancy and lactation. The use of iodine-containing medicinal
products or food supplements during pregnancy or breastfeeding should be considered only in
at-risk populations that do not receive sufficient iodine intake from the diet.

¢ lodine intake above 600 pg/day should be avoided. Women of childbearing age, pregnant or
nursing women who regularly use iodized salt, consume 2 or more daily servings of dairy pro-
ducts and also consume iodine-containing medicines or food supplements may exceed this
figure. Likewise, in this case, the consumption of seaweeds with a high iodine content or food
supplements that include this type of seaweeds in their composition should be avoided.

¢ The inclusion in food labelling of authorized nutrition and health claims related to iodine intake
could be a useful tool to promote an adequate and informed choice of those foods containing
iodine that meet the legally established criteria for making such claims. This could contribute
to the improvement of nutritional status with respect to this element, in particular in the most
vulnerable populations.
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