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lodine deficiency is a global issue and affects around 2 billion people worldwide, with pregnant women as a high-risk
group. lodine-deficiency prevention began in the 20th century and started with global salt iodination programmes, which
aimed to improve the iodine intake status globally.
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| 1. Introduction

lodine is absorbed in the stomach and the small intestine where it is transported via sodium/iodide symporter (NIS) and
pendrin to the thyroid gland, and then stored in the follicular cells. Subsequently, in the presence of hydrogen peroxide
(H,0,), iodine ions (I7) are oxidised by thyroid peroxidase. Then, the tyrosine residues are iodinated—first, at position 3,
which forms monoiodotyrosine (MIT), and then at position 5 to form diiodotyrosine (DIT). MIT and DIT in a coupling
reaction form thyroxine (T4) and triiodothyronine (T3) hormonesitll2, As a trace element, iodine is essential in human
nutrition, mostly due to its role in the thyroid hormone synthesis. Moreover, both T4 and T3 are involved in the regulation of
metabolic processes in the human body and are responsible for the optimal growth of the central nervous system and
brainE4!. |odine also serves as an antioxidant and exhibits the protective effects of inflammatory states and cancerl!.
lodine deficiency constitutes a global issue, and is reflected by urinary iodine concentration (UIC) < 100 pg/dayf3l. It is
prevalent in the eastern Mediterranean, Asia, Eastern Europe, and Africa. Additionally, mild iodine deficiency is observed
in Australia, Great Britain, and New Zealand, as well as in specific groups, such as vegans or vegetariansl€. In fact,
proper iodine intake is crucial among pregnant women, as iodine deficiency is the leading cause of mental retardation in
childrent. Since 1993, World Health Organization (WHO) and United Nations Children’s Fund (UNICEF) recommend a
universal salt iodisation. Currently, around 70% of households in over 120 countries have access to iodised salt—in 1990,
only less than 10% had this advantage . lodine is absorbed in 90% by stomach and duodenum and is mostly delivered
from the fortified salt, and other sources such as fish, seafood, dairy, water, eggs, broccoli, peas, or spinach2l. However,
it is vital to notice that different concentrations of iodine in food products have been noticed, which is presumably
associated with different growth environments2, Both the deficiency and excess of iodine can lead to an impaired thyroid
gland function and, subsequently, to an impaired functioning of the entire organism (Eigure 1)I. A diet deficient in iodine

can lead to mental retardation, hypothyroidism, congenital anomalies, goitre or low 1Q, whereas the iodine excess can
result in iodine-induced hyperthyroidismlEl. Therefore, an adequate iodine intake—150 mg/day for adults, 120 mg/day for
children, and 250 mg/day for pregnant women—is essential for the proper thyroid gland functionll. The aim of the study is
to evaluate and review diets in search of the best diet to protect against iodine deficiency. Moreover, in this paper we
wanted to assess which populations are at risk of iodine deficiency or excess. In order to collect the literature related to
the presented topic, the PubMed database (www.pubmed.ncbi.nim.nih.gov, accessed on 20 January 2021) was explored

with reference to the terms “iodine”, “diet”, “deficiency”. lodine Global Network materials and reports were also analyzed.
We have focused on popular diets—for example; paleolithic, gluten free or vegan diets—and investigated if individuals
following them may be at risk of iodine deficiency. The risk of iodine deficiency may be increased due to the type of
products that are eliminated, for example dairy. However, we also discussed if there are any food substitutes, which could
decrease this risk. Further, salt-restrictive and plant-based diets may be associated with iodine deficiency due to reduction
or elimination of salt and animal derived foods, respectively. We also mentioned low-salicylate diet, gluten-free diet and
parenteral nutrition that are associated with many nutritional deficiencies.



Figure 1. lodine can be ingested through the diet and dietary supplements. The primary sources of iodine are salt,
seafood, fish, algae, milk, and dairy. lodine is taken up by the thyroid gland and used for synthesis MIT
(monoiodotyrosine) and DIT (diiodotyrosine), which are used for thyroid hormone (triiodothyronine and thyroxine)
biosynthesis. Receptors of thyroid hormones are on the surface of different organs; thus, thyroid hormones travel in the
blood and may affect many systems among other reproductive system, skeletal or muscular system.

| 2.lodine Deficiency among Various Populations

According to the WHO, iodine deficiency is defined by a median urinary iodine concentration < 100 pg/day®d. On the
basis of the lodine Global Network report from 2019, which included school-age children, 115 countries were classified as
countries with the optimal level of iodine supply (the United States of America, Canada, France, Portugal, Great Britain)
and in 23 countries the iodine intake was too low—Burkina Faso, Burundi, Cambodia, Finland, Germany, Israel, Iraq,
Lebanon, Madagascar, Morocco, Haiti, North Korea, Mozambique, Nicaragua, Samoa, Tajikistan, Vanuatu, Norway,
Russia, South Sudan, Sudan, and Vietnam. In Angola and lItaly, iodine intake was considered to be sufficient (Eigw)@.
As it has already been mentioned, around 2 billion are at risk of iodine deficiency, according to the WHOUS!, However, it
should be noted that the report was based on the UIC results of school-age children, and thus, it cannot reflect the status
of iodine, for instance, among pregnant women. Moreover, the data regarding the status of iodine in different populations
remain insufficient.24l. Most of the analyzed articles demonstrate an emerging iodine deficiency in the population of
women of childbearing age, which indicates a public health issue concerning the improvement of iodine status of the
abovementioned group of women218l Gizak et al. emphasised that an insufficient intake of iodine among pregnant
women persists, since iodine intake among pregnant women is insufficient in 39 out of 72 countries 121,
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Figure 2. Insufficient iodine intake is observed in many regions, mainly African and Asian countries. Optimal intake of
iodine occurs among other in the United States, Canada, and some countries in Europe. However, intake of iodine is not
adequate in many European regions.

Pregnant and breastfeeding women are particularly exposed to iodine deficiency, and, therefore, iodination of salt could
not be sufficient, and additional supplementation should be considered[2&!,

| 3. Health Consequences of lodine Deficiency

Health consequences of iodine deficiency can affect all ages—adults, adolescents, children, infants and foetuses.
Similarly, goitre formation and susceptibility to the nuclear radiation affect all age groups. In terms of adults, iodine
deficiency has been associated with an impaired mental function, reduced work output, goitre and hypothyroidism. In
children and adolescents, on the other hand, it has been linked to mental and growth retardation. Moreover, an increase in
the incidence of papillary thyroid cancer (PTC) compared to follicular thyroid cancer (FTC) has been observed, amounting
to 0.19 to 1.7, respectively. It is now believed that the introduction of the iodine supplementation in subjects with a
significant iodine deficiency may lead to an increase in the PTC/FTC ratiol2221, The transition from FTC to PTC may be
associated with an elevated rate of the V60OE BRAF (B-Raf serine/threonine kinases) mutation over time22l,

| 4. lodine Deficiency and Breast Cancer

The cause—effect relationship between iodine deficiency, impaired function of the thyroid gland, and breast cancer has
been observed for over 100 years[2324125] |gdine is absorbed via sodium/iodide symporter in the glandular breast tissue,
and its role is to promote the growth of the normal tissuel28l. In fact, research studies have demonstrated the role of iodine
as an antioxidant agent in the mammary gland22[28]. Thus, it has been suggested that iodine deficiency can increase the
risk of breast cancer in two mechanisms. The first is associated with direct influence on the glandular breast tissue, which
could be explained by means of an increased sensitivity to oestradiol in the case of iodine deficiency. The other is
associated with an impaired thyroid gland function and, therefore, hypothyroidism as the consequence of iodine
deficiency!28l. Numerous studies demonstrate the association between hypothyroidism, especially autoimmune, and
breast cancer; however, this relationship remains controversial [242B0B1[32][33)[34] - gjgnificantly, an excessive intake of

iodine, by stimulating activity of ER-a, negatively affects the risk of breast cancer22. Simultaneously, an impaired thyroid
gland function can result in a slower tumour growth and in challenging the diagnosis with an increased tumour
invasiveness28l, In Japan, almost 3-times lower incidence of breast cancer was observed, when compared with the USA;
nevertheless, the incidence of breast cancer among Japanese women living in the USA was similar to other women. It
suggests that the iodine-rich diet could be preventive in the development of breast cancer. Therefore, diets comprising a
low amount of iodine could be associated with an increased risk of breast cancer development, which emphasises the
need to decrease iodine deficiency in all age groups.

| 5. lodine Deficiency in Pregnant Women

The adequate level regarding the requirements of iodine is particularly important in the population of women in the
childbearing age. It should be noted that not only severe maternal iodine deficiency, but also mild to moderate
deficiencies, have been associated with the consequences appearing in the offspring.

Levie et al. conducted a meta-analysis with an individual participant data from three prospective population-based cohorts
in order to investigate the relationship between the maternal iodine status during pregnancy and the infant 1Q in 6180
mother-child pairs from three countries. The aim of the study was to identify the sensitive time windows of exposure to the
suboptimal iodine availability. The study demonstrated that mild to moderate iodine deficiencies were associated with a
reduction in verbal IQ scores of children, especially in the first trimester of pregnancy!&l.

Additionally, the results obtained in the Avon Longitudinal Study of Parents and Children indicate that there is an inverse
correlation between the low maternal iodine status in the first trimester and the offspring 1Q scores at the age of eight, as
well as reading accuracy, comprehension, and reading score at the age of nine years. The study comprised 1040
pregnant women and their children in the UKEZ,

In the study by Gietka-Czernel et al.B& which involved 100 pregnant women between the 5th and 38th week of
pregnancy with normal thyroid function, only 35% of the subjects took iodine supplements, and 59% were on a diet rich in
iodine carriers. Moreover, the presence of goitre was found in 28% of the pregnant women. In fact, iodine deficiency can
also lead to a spontaneous abortion, stillbirth, birth cretinism, congenital disabilities, maldevelopment of the foetal brain
and an increased risk of perinatal mortality32/49].
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