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Iodine is a microelement that is naturally present in some foods, added to others, and available
as a dietary supplement. Iodine from the diet is converted into the iodide ion before it is absorbed
throughout the gastrointestinal tract [1,2]. When iodide enters the circulation, the thyroid gland
selectively concentrates it in the appropriate amounts required for thyroid hormone synthesis, and
most of the remaining amount is excreted in the urine [3]. The iodine-replete healthy adult has
about 15–20 mg of iodine, 70–80% of which is contained in the thyroid [4]. The estimated average
requirement of iodine can be extrapolated from a median urinary iodine concentration of 100 µg/L,
which corresponds roughly to 150 µg daily iodine intake [5]. Median urinary iodine concentrations
of 100–199 µg/L in children and adults, 150–249 µg/L in pregnant women and >100 µg/L in lactating
women indicate iodine intakes are adequate [6,7]. Values lower than 100 µg/L in children and
non-pregnant adults indicate insufficient iodine intake, although iodine deficiency is not classified as
severe until urinary iodine levels are lower than 20 µg/L. Seaweed (kelp, nori, kombu, and wakame) is
one of the best food sources of iodine, although it is highly variable in its content [8]. Other dietary
sources of iodine are seafood, dairy products (partly due to the use of iodine feed supplements and
iodophor sanitizing agents in the dairy industry), milk, green beans and eggs [9]. Iodine is also
present in human breast milk, in infant formulas and in many multivitamin/mineral supplements,
which contain iodine in the forms of potassium iodide or sodium iodide [7,10,11]. Over the last years,
there has been a growing interest in some nutraceuticals, including selenium, carnitine, myo-inositol,
flavonoids, omega-3 polyunsaturated fatty acids, resveratrol and vitamins, for their potential role
in thyroid function [12–14]. Nutraceuticals could represent an opportunity in the prevention and
treatment of some thyroid diseases, even though their effective action and high safety level should need
to be supported by large clinical outcome trials. However, iodine remains the essential element for the
thyroid gland being the key component of the thyroid hormones thyroxine (T4) and triiodothyronine
(T3), which regulate a wide variety of physiological processes, such as protein synthesis and enzymatic
activity, and are critical determinants of metabolic activity. They are also required for proper skeletal
and central nervous system development in fetuses and infants [15].

Thyroid function is primarily regulated by the thyroid-stimulating hormone (TSH), secreted by
the pituitary gland, which increases thyroidal uptake of iodine and stimulates the synthesis and release
of T3 and T4. In the presence of inadequate iodine intake, TSH levels remain elevated, leading to
goiter, an enlargement of the thyroid gland that reflects the body’s attempt to trap more iodine from
the circulation and produce thyroid hormones.
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Iodine deficiency impairs thyroid hormone production and has many adverse effects during the
course of the life, collectively termed the iodine deficiency disorders (IDDs), which depend on its
severity and the age of the affected subjects. Although goiter is the classic sign of iodine deficiency,
and can take place at any age, the most serious adverse effect of iodine deficiency is damage to the
fetus during pregnancy, since the absence or inadequate level of thyroid hormones cause significant
clinical manifestations such as increased risk of stillbirths, abortions, perinatal mortality, congenital
abnormalities, cretinism, impaired growth [9,16]. Nowadays, IDDs are still a public health problem in
most countries, including industrialized and developing regions of the world, in which all groups of
people are affected, even though pregnant women are the most susceptible group to insufficient iodine
intake [17–20].

Over the last few decades, intensive efforts have been made by the governments of IDD-affected
countries to implement and control salt iodization program, since the most cost-effective strategy
for IDD is universal salt iodization with the recommended iodine concentration of 20–40 mg iodine
per kg salt [5]. Despite a significant improvement in iodine nutrition being observed over the years,
some countries still remain at risk of deficiency, implying that further strategies should be designed to
achieve iodine sufficiency worldwide.

In this issue, we provide an update on the iodine status of the general population in different
countries of the world, including Moldovia [21], Korea [22], the United States [23,24], Sri Lanka [25],
Finland [26] and Italy [27,28], with a special focus on newborns [24] and pregnant women [24,26],
which are the most vulnerable categories. Importantly, we have invited an international panel of
endocrinologists to review the literature and to comment upon the effects of the most common
nutraceuticals on thyroid function, based on the most recent in vitro and in vivo [29,30], as well as
human, studies [31]. We believe that this collection represents a useful summary of iodine intake on
human health, and provides a critical opinion on the benefits of some popular nutraceuticals that may
play a role in clinical thyroidology.

Author Contributions: The Authors contributed equally to the development and finalization of this Editorial.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Haldimann, M.; Alt, A.; Blanc, A.; Blondeau, K. Iodine content of food groups. J. Food Comp. Anal. 2005, 18,
461–471. [CrossRef]

2. Alexander, W.D.; Harden, R.M.; Harrison, M.T.; Shimmins, J. Some aspects of the absorption and concentration
of iodide by the alimentary tract in man. Proc. Nutr. Soc. 1967, 26, 62–66. [CrossRef] [PubMed]

3. Vought, R.L.; London, W.T. Iodine intake, excretion and thyroidal accumulation in healthy subjects. J. Clin.
Endocrinol. Metab. 1967, 27, 913–919. [CrossRef] [PubMed]

4. Fisher, D.A.; Oddie, T.H. Thyroid iodine content and turnover in euthyroid subjects: Validity of estimation of
thyroid iodine accumulation from short-term clearance studies. J. Clin. Endocrinol. Metab. 1969, 29, 721–727.
[CrossRef] [PubMed]

5. Institute of Medicine. Academy of Sciences 2001 Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic,
Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc; National
Academy Press: Washington, DC, USA, 2001.

6. World Health Organization; United Nations Children’s Fund; International Council for the Control of Iodine
Deficiency Disorders. Assessment of Iodine Deficiency Disorders and Monitoring Their Elimination, 3rd ed.; World
Health Organization: Geneva, Switzerland, 2007.

7. Semba, R.D.; Delange, F. Iodine in human milk: Perspectives for human health. Nutr. Rev. 2001, 59, 269–278.
[CrossRef]

8. Nagataki, S. The average of dietary iodine intake due to the ingestion of seaweeds is 1.2 mg/day in Japan.
Thyroid 2008, 18, 667–668. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jfca.2004.06.003
http://dx.doi.org/10.1079/PNS19670013
http://www.ncbi.nlm.nih.gov/pubmed/5339990
http://dx.doi.org/10.1210/jcem-27-7-913
http://www.ncbi.nlm.nih.gov/pubmed/4165697
http://dx.doi.org/10.1210/jcem-29-5-721
http://www.ncbi.nlm.nih.gov/pubmed/4305619
http://dx.doi.org/10.1111/j.1753-4887.2001.tb05512.x
http://dx.doi.org/10.1089/thy.2007.0379
http://www.ncbi.nlm.nih.gov/pubmed/18578621


Nutrients 2020, 12, 1491 3 of 4

9. Hernando, V.U.; Anilza, B.P.; Hernan, S.T.C. Iodine deficiency disorders. Thyroid Disord. Ther. 2015, 4, 172.
10. Azizi, F.; Smyth, P. Breastfeeding and maternal and infant iodine nutrition. Clin. Endocrinol. 2009, 70, 803–809.

[CrossRef]
11. Pearce, E.N.; Pino, S.; He, X.; Bazrafshan, H.R.; Lee, S.L.; Braverman, L.E. Sources of dietary iodine: Bread,

cows’ milk, and infant formula in the Boston area. J. Clin. Endocrinol. Metab. 2004, 89, 3421–3424. [CrossRef]
12. Montanelli, L.; Benvenga, S.; Vitti, P.; Latrofa, F.; Duntas, L.H. Drugs and other substances interfering

with thyroid function. In Thyroid Diseases; Vitti, P., Hegedus, L., Eds.; Springer: Cham, Switzerland, 2018;
pp. 733–761.

13. Sharma, R.; Bharti, S.; Kumar, K.V.S.H. Diet and thyroid: Myths and facts. J. Med. Nutr. Nutraceuticals 2014,
3, 60–65.

14. Das, L.; Bhaumik, E.; Raychaudhuri, U.; Chakraborty, R. Role of nutraceuticals in human health. J. Food Sci.
Technol. 2012, 49, 173–183. [CrossRef] [PubMed]

15. Zimmermann, M.B. The role of iodine in human growth and development. Semin. Cell Dev. Biol. 2011, 22,
645–652. [CrossRef]

16. Eastman, C.J.; Zimmermann, M.B. The Iodine Deficiency Disorders. In Endotext; Feingold, K.R., Anawalt, B.,
Boyce, A., Chrousos, G., Dungan, K., Grossman, A., Hershman, J.M., Kaltsas, G., Koch, C., Kopp, P., et al.,
Eds.; MDText.com, Inc.: South Dartmouth, MA, USA, 2000.

17. Li, M.; Eastman, C.J. The changing epidemiology of iodine deficiency. Nat. Rev. Endocrinol. 2012, 8, 434–440.
[CrossRef]

18. Mohammadi, M.; Azizi, F.; Hedayati, M. Iodine deficiency status in the WHO Eastern Mediterranean Region:
A systematic review. Environ. Geochem. Health 2018, 40, 87–97. [CrossRef]

19. The Iodine Global Network: 2018 Annual Report. Available online: https://www.ign.org/cm_data/IGN_
2018_Annual_Report_5_web.pdf (accessed on 19 March 2020).

20. Candido, A.C.; Morais, N.S.; Dutra, L.V.; Pinto, C.A.; Franceschini, S.D.C.C.; Alfenas, R.C.G. Insufficient
iodine intake in pregnant women in different regions of the world: A systematic review. Arch. Endocrinol.
Metab. 2019, 63, 306–311. [CrossRef] [PubMed]

21. D’Elia, L.; Obreja, G.; Ciobanu, A.; Breda, J.; Jewell, J.; Cappuccio, F.P. The Salt Consumption Survey in the
Republic of Moldova Study Group; Sodium, Potassium and Iodine Intake, in a National Adult Population
Sample of the Republic of Moldova. Nutrients 2019, 11, 2896. [CrossRef]

22. Kim, S.; Kwon, Y.S.; Kim, J.Y.; Hong, K.H.; Park, Y.K. Association between Iodine Nutrition Status and
Thyroid Disease-Related Hormone in Korean Adults: Korean National Health and Nutrition Examination
Survey VI (2013–2015). Nutrients 2019, 11, 2757. [CrossRef] [PubMed]

23. Gostas, D.E.; Larson-Meyer, D.E.; Yoder, H.A.; Huffman, A.E.; Johnson, E.C. Dietary Relationship with 24 h
Urinary Iodine Concentrations of Young Adults in the Mountain West Region of the United States. Nutrients
2020, 12, 121. [CrossRef]

24. Ellsworth, L.; McCaffery, H.; Harman, E.; Abbott, J.; Gregg, B. Breast Milk Iodine Concentration Is Associated
with Infant Growth, Independent of Maternal Weight. Nutrients 2020, 12, 358. [CrossRef]

25. Jayatissa, R.; Gorstein, J.; Okosieme, O.E.; Lazarus, J.H.; Premawardhana, L.D. Stable Iodine Nutrition During
Two Decades of Continuous Universal Salt Iodisation in Sri Lanka. Nutrients 2020, 12, 1109. [CrossRef]

26. Purdue-Smithe, A.C.; Männistö, T.; Bell, G.A.; Mumford, S.L.; Liu, A.; Kannan, K.; Kim, U.-J.; Suvanto, E.;
Surcel, H.-M.; Gissler, M.; et al. The Joint Role of Thyroid Function and Iodine Status on Risk of Preterm
Birth and Small for Gestational Age: A Population-Based Nested Case-Control Study of Finnish Women.
Nutrients 2019, 11, 2573. [CrossRef] [PubMed]

27. Giordano, C.; Barone, I.; Marsico, S.; Bruno, R.; Bonofiglio, D.; Catalano, S.; Andò, S. Endemic Goiter and
Iodine Prophylaxis in Calabria, a Region of Southern Italy: Past and Present. Nutrients 2019, 11, 2428.
[CrossRef] [PubMed]

28. Baldini, E.; Virili, C.; D’Armiento, E.; Centanni, M.; Ulisse, S. Iodine Status in Schoolchildren and Pregnant
Women of Lazio, a Central Region of Italy. Nutrients 2019, 11, 1647. [CrossRef] [PubMed]

29. Benvenga, S.; Marini, H.R.; Micali, A.; Freni, J.; Pallio, G.; Irrera, N.; Squadrito, F.; Altavilla, D.; Antonelli, A.;
Ferrari, S.M.; et al. Protective Effects of Myo-Inositol and Selenium on Cadmium-Induced Thyroid Toxicity
in Mice. Nutrients 2020, 12, 1222. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/j.1365-2265.2008.03442.x
http://dx.doi.org/10.1210/jc.2003-032002
http://dx.doi.org/10.1007/s13197-011-0269-4
http://www.ncbi.nlm.nih.gov/pubmed/23572839
http://dx.doi.org/10.1016/j.semcdb.2011.07.009
http://dx.doi.org/10.1038/nrendo.2012.43
http://dx.doi.org/10.1007/s10653-017-9911-z
https://www.ign.org/cm_data/IGN_2018_Annual_Report_5_web.pdf
https://www.ign.org/cm_data/IGN_2018_Annual_Report_5_web.pdf
http://dx.doi.org/10.20945/2359-3997000000151
http://www.ncbi.nlm.nih.gov/pubmed/31340241
http://dx.doi.org/10.3390/nu11122896
http://dx.doi.org/10.3390/nu11112757
http://www.ncbi.nlm.nih.gov/pubmed/31766270
http://dx.doi.org/10.3390/nu12010121
http://dx.doi.org/10.3390/nu12020358
http://dx.doi.org/10.3390/nu12041109
http://dx.doi.org/10.3390/nu11112573
http://www.ncbi.nlm.nih.gov/pubmed/31731400
http://dx.doi.org/10.3390/nu11102428
http://www.ncbi.nlm.nih.gov/pubmed/31614658
http://dx.doi.org/10.3390/nu11071647
http://www.ncbi.nlm.nih.gov/pubmed/31323889
http://dx.doi.org/10.3390/nu12051222
http://www.ncbi.nlm.nih.gov/pubmed/32357526


Nutrients 2020, 12, 1491 4 of 4

30. Benvenga, S.; Ferrari, S.M.; Elia, G.; Ragusa, F.; Patrizio, A.; Paparo, S.R.; Camastra, S.; Bonofiglio, D.;
Antonelli, A.; Fallahi, P. Nutraceuticals in Thyroidology: A Review of in Vitro, and in Vivo Animal Studies.
Nutrients 2020, 12, 1337. [CrossRef]

31. Benvenga, S.; Feldt-Rasmussen, U.; Bonofiglio, D.; Asamoah, E. Nutraceutical Supplements in the Thyroid
Setting: Health Benefits beyond Basic Nutrition. Nutrients 2019, 11, 2214. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/nu12051337
http://dx.doi.org/10.3390/nu11092214
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

