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Abstract

A brief review of the literature presents current data on micro- and macronutrients in euthyroid nodular
goiter. Among them are iodine (I), selenium (Se), iron (Ir), zinc (Zn), copper (Cu), magnesium (Mg),
calcium (Ca). The role of iodine deficiency in the development of pathology was determined. The possible
fate of other specified elements in the occurrence of the disease was considered. Presented data of the
author’s research.
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Introduction

Nodular Goiter (NG) is an extremely common endocrine pathology, which leads to an
increase in the thyroid gland (thyroid gland) in the form of diffuse and nodular neoplasms. NG
is an overgrowth of thyroid tissue caused by structural and functional changes in several parts
of the gland [1]. It was reported that 10% of the population has this pathology [2]. The use of
modern diagnostic methods, ultrasound and computed tomography significantly increased
the prevalence of this disease to 19-68% in randomly selected individuals, with a higher
frequency in women and the elderly [3,4].

Micro and Macro Elements in Nodular Goiter

The main risk factor for NG is insufficient intake of iodine. lodine deficiency causes an
increase in TSH and accumulation of peroxide in the thyroid gland, which leads to an increase
in insulin-like growth factor, fibroblast growth factor and mutation of follicular cells [5-7].
The follicular cells will continue to change by forming single nodules in the thyroid tissue.
There is a large number of studies showing a significant decrease in goiter cases after iodine
prophylaxis [8-11]. The presence of nodular pathology even after the introduction of iodine
prophylaxis indicates the importance of other factors in their occurrence. An important
role in the normal metabolism of thyroid hormones is played by selenium, which is part of
glutathione peroxidase and acts as an antioxidant, a protector of thyrocytes from peroxide
damage [12,13]. Se can affect the progression of autoimmune thyroid diseases, affecting the
immune response [14,15]. There are reports that it also affects the size of the thyroid gland
[16]. The joint action of iodine and selenium is presented in many publications [17-21]. The
effect of other elements on thyroid function and nodule formation is under study. A number
of studies in animals and humans have shown that iron deficiency can alter the synthesis of
thyroid hormones, which is explained by a decrease in the activity of Thyroxine Peroxidase
(TPO), whichisaheme-dependent protein [22,23]. Zincis necessary for the proper functioning
of the enzyme iodothyronine deiodinase, which is responsible for the conversion of thyroxine
(T4) into the active form of triiodothyronine (T3) [24-26]. The role of copper in thyroid tissue
is not yet clear. Magnesium is required for the thyroid to use iodine and convert inactive T4 to
active T3 [27] and its serum level, due to its effect on DNA mutations, correlates with thyroid
cancer [28-30]. Regarding calcium, there is evidence that. an increased concentration of TSH
can increase the concentration of Ca2+ in human thyrocytes and serum of experimental rats
[31]. Our studies in Ukraine in a region with mild iodine deficiency found that the median
serum concentrations of selenium, zinc, calcium, magnesium and other elements were lower
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in the NG group compared to the control group. Risk analysis of
nodular goiter odds ratio (OR) after adjusting the results for sex,
age and ioduria showed the highest values with a simultaneous
deficiency of macro- and microelements [32]. The OR was found
to be 5.83 (95%, CI 1.87-18.9, p<0.01) at low concentrations. Ca,
Mg and Zn in serum, whereas with a simultaneous decrease in the
concentration of zinc, calcium and magnesium in serum, together
with low values of ioduria, the OR increased to 12.5 (95%, CI 2.15-
79.42, p<0.05).

Conclusion

The combined deficiency of essential micro and macro elements
in the body against the background of iodine deficiency suggests the
highest risk for the occurrence of nodular goiter. Further study of
the content of nutrients in the body of patients with nodular goiter
will be an important premise for the development of methods for
preventing NG and thyroid cancer in iodine prophylaxis and food
fortification.

References

1. Rocha HS, Lopesa RT, Valiante PM, Tirao G, Mazzarod I, et al. (2005)
Diagnosis of thyroid nodular goiter using diffraction-enhanced imaging.
Nucl Instrum 548(1-2): 175-180.

2. Zimmermann MB (2009) lodine deficiency. Endocr Rev 30(4): 376-408.

3. Tan GH, Gharib H (1997) Thyroid incidentalomas: management
approaches to nonpalpable nodules discovered incidentally on thyroid
imaging. Ann Intern Med 126(3): 226-231.

4. Guth S, Theune U, Aberle ], Galach A, Bamberger CM (2009) Very high
prevalence of thyroid nodules detected by high frequency (13 MHz)
ultrasound examination. Eur ] Clin Invest 39(8): 699-706.

5. Corvillian B, Van Sande ], Laurent E, Dumont JE (1991) The H202-
generating system modulates protein iodination and the activity of the
pentose phosphate pathway in dog thyroid. Endocrinology 128(2): 779-
785.

6. GydeeH, O’'Neill T, Patel A, Bauer AJ, Tuttle RM, et al. (2004) Differentiated
thyroid carcinomas from children and adolescents express IGF-1 and the
IGF-I-receptor (IGF-I-R). Pediatr Res 55(4): 709-715.

7. Yeh MW, Rougier JP, Park JW, Duh QY, Wong M, et al. (2006) Differentiated
thyroid cancer cells invasion is regulated through epidermal growth
factor receptor-dependent activation of matrix metalloproteinase
(MMP)-2 gelatinase. Endocr Relat Cancer 13(4): 1173-1183.

8. Chen Z, Xu W, Huang Y, Jin X, Deng J, et al. (2013) Associations of
noniodized salt and thyroid nodule among the Chinese population: a
large cross sectional study. Am | Clin Nutr 98(3): 684-692.

9. Vejbjerg P, Knudsen N, Perrild H, Carlé A, Laurberg P, et al. (2007) Effect
of a mandatory iodization program on thyroid gland volume based
on individuals "age, gender, and preceding severity of dietary iodine
deficiency: A prospective, population-based study. ] Clin Endocrinol
Metab 92(4): 1397-1401.

10. Krejbjerg A, Bjergved L, Pedersen IB, Carlé A, Jgrgensen T, et al. (2014)
lodine fortification may influence the age-related change in thyroid
volume: A longitudinal population-based study (danthyr). Eur ]
Endocrinol 170(4): 507-517.

11. Aghini Lombardi F, Fiore E, Tonacchera M, Rago T, Antonangeli L, et
al. (2013) The effect of voluntary iodine prophylaxis in a small rural
community: the pescopagano survey 15 years later. ] Clin Endocrinol
Metab 98(3): 1031-1039.

. Kohrle J, Jakob F, Contempre B, Dumont JE (2005) Selenium, the thyroid,
and the endocrine system. Endocr Rev 26(7): 944-984.

1

N

13.Beckett GJ, Arthur JR (2005) Selenium and endocrine systems. ]
Endocrinol 184(3): 455-465.

14.Wang Y, Zhao E Rijntjes E, Wu L, Wu Q, et al. (2019) Role of selenium
intake for risk and development of hyperthyroidism. ] Clin Endocrinol
Metab 104(2): 568-580.

15. Winther KH, Rayman MP, Bonnema S], Hegedus L (2020) Selenium
in thyroid disorders-essential knowledge for clinicians. Nat Rev
Endocrinol 16(3): 165-176.

16.Liu Y, Huang H, Zeng ], Sun C (2013) Thyroid volume, goiter prevalence,
and selenium levels in an iodine-sufficient area: A cross-sectional
study. BMC Public Health 13: 1153.

17. Stuss M, Michalska-Kasiczak M, Sewerynek E (2017) The role of selenium
in thyroid gland pathophysiology. Endokrynol Pol. 68(4): 440-465.

18. Rasmussen LB, Schomburg L, Kohrle ], Pedersen IB, Hollenbach B, et al.
(2011) Selenium status, thyroid volume, and multiple nodule formation
in an area with mild iodine deficiency. Eur ] Endocrinol 164(4): 585-590.

19. Celik T, Savas N, Kurtoglu S, Sangiin O Aydfin Z, et al. (2014) Iodine,
copper, zing, selenium and molybdenum levels in children aged between
6 and 12 years in the rural area with iodine deficiency and in the city
center without iodine deficiency in hatay. Turk Pediatri Ars 49(2):111-
116.

20. Zimmermann MB (2006) The influence of iron status on iodine
utilization and thyroid function. Annu Rev Nutr 26: 367-389.

21.Yucel R, Ozdemir S, Dariyerli N, Toplan S, Akyolcu MC, et al. (2009)
Erythrocyte osmotic fragility and lipid peroxidation in experimental
hyperthyroidism. Endocrine 36(3): 498-502.

22.Beard JL, Brigham DE, Kelley SK, Green MH (1998) Plasma thyroid
hormone kinetics are altered in iron-deficient rats. ] Nutr 128(8) :1401-
1408.

23.Wada L, King JC (1986) Effect of low zinc intakes on basal metabolic rate,
thyroid hormones and protein utilization in adult men. ] Nutr 116(6):
1045-1053.

24.Danforth E, Burger AG (1989) The impact of nutrition on thyroid
hormone physiology and action. Annu Rev Nutr 9: 201-227.

25. Freake HC, Govoni KE, Guda K, Huang C, Zinn SA (2001) Actions and
interactions of thyroid hormone and zinc status in growing rats. ] Nutr
131(4): 1135-1141.

26. Digiesi V, Bandinelli R, Bisceglie P, Santoro E (1983) Magnesium in
tumoral tissues, in the muscle and serum of subjects suffering from
neoplasia. Biochem Med 29(3): 360-363.

27.Assem FL, Holmes P, Levy LS (2011) The mutagenicity and
carcinogenicity of inorganic manganese compounds: A synthesis of the
evidence. ] Toxicol Environ Health B Crit Rev 14(8): 537-570.

28. Anastassopoulou ], Theophanides T (2002) Magnesium-DNA
interactions and the possible relation of magnesium to carcinogenesis.
irradiation and free radicals. Crit Rev Oncol Hematol 42(1): 79-91.

29. Leung PL, Li XL (1996) Multielement analysis in serum of thyroid cancer
patients before and after a surgical operation. Biol Trace Elem Res 5(3):
259-266.

30. MacNeil S, Munro DS, Metcalfe R, Cotterell S, Ruban L (1994) An
investigation of the ability of TSH and Graves’ immunoglobulin G to
increase intracellular calcium in human thyroid cells, rat FRTL-5 thyroid
cells and eukaryotic cells transfected with the human TSH receptor. ]
Endocrinol 143(3): 527-540.

31. Kravchenko V, Andrusyshyna [, Luzanchuk I, Polumbryk M, Tarashchenko
Y (2020) Association between thyroid hormone status and trace
elements in serum of patients with nodular goiter. Biol Trace Elem Res
196(2): 393-399.

32.Turan E, Turksoy VA (2021) Selenium, zinc, and copper status in
euthyroid nodular goiter: A Cross-Sectional Study. Int ] Prev Med 12: 46.

Nov Res Sci

Copyright © : Victor Kravchenko


https://www.sciencedirect.com/science/article/abs/pii/S0168900205007254
https://www.sciencedirect.com/science/article/abs/pii/S0168900205007254
https://www.sciencedirect.com/science/article/abs/pii/S0168900205007254
https://pubmed.ncbi.nlm.nih.gov/19460960/
https://pubmed.ncbi.nlm.nih.gov/9027275/
https://pubmed.ncbi.nlm.nih.gov/9027275/
https://pubmed.ncbi.nlm.nih.gov/9027275/
https://pubmed.ncbi.nlm.nih.gov/19601965/
https://pubmed.ncbi.nlm.nih.gov/19601965/
https://pubmed.ncbi.nlm.nih.gov/19601965/
https://pubmed.ncbi.nlm.nih.gov/1846588/
https://pubmed.ncbi.nlm.nih.gov/1846588/
https://pubmed.ncbi.nlm.nih.gov/1846588/
https://pubmed.ncbi.nlm.nih.gov/1846588/
https://pubmed.ncbi.nlm.nih.gov/14973173/
https://pubmed.ncbi.nlm.nih.gov/14973173/
https://pubmed.ncbi.nlm.nih.gov/14973173/
https://pubmed.ncbi.nlm.nih.gov/17158762/
https://pubmed.ncbi.nlm.nih.gov/17158762/
https://pubmed.ncbi.nlm.nih.gov/17158762/
https://pubmed.ncbi.nlm.nih.gov/17158762/
https://pubmed.ncbi.nlm.nih.gov/23842457/
https://pubmed.ncbi.nlm.nih.gov/23842457/
https://pubmed.ncbi.nlm.nih.gov/23842457/
https://pubmed.ncbi.nlm.nih.gov/17264188/
https://pubmed.ncbi.nlm.nih.gov/17264188/
https://pubmed.ncbi.nlm.nih.gov/17264188/
https://pubmed.ncbi.nlm.nih.gov/17264188/
https://pubmed.ncbi.nlm.nih.gov/17264188/
https://pubmed.ncbi.nlm.nih.gov/24399250/
https://pubmed.ncbi.nlm.nih.gov/24399250/
https://pubmed.ncbi.nlm.nih.gov/24399250/
https://pubmed.ncbi.nlm.nih.gov/24399250/
https://pubmed.ncbi.nlm.nih.gov/23436921/
https://pubmed.ncbi.nlm.nih.gov/23436921/
https://pubmed.ncbi.nlm.nih.gov/23436921/
https://pubmed.ncbi.nlm.nih.gov/23436921/
https://pubmed.ncbi.nlm.nih.gov/16174820
https://pubmed.ncbi.nlm.nih.gov/16174820
https://pubmed.ncbi.nlm.nih.gov/15749805/
https://pubmed.ncbi.nlm.nih.gov/15749805/
https://pubmed.ncbi.nlm.nih.gov/30265356/
https://pubmed.ncbi.nlm.nih.gov/30265356/
https://pubmed.ncbi.nlm.nih.gov/30265356/
https://pubmed.ncbi.nlm.nih.gov/32001830/
https://pubmed.ncbi.nlm.nih.gov/32001830/
https://pubmed.ncbi.nlm.nih.gov/32001830/
https://pubmed.ncbi.nlm.nih.gov/24321191/
https://pubmed.ncbi.nlm.nih.gov/24321191/
https://pubmed.ncbi.nlm.nih.gov/24321191/
https://pubmed.ncbi.nlm.nih.gov/28819948/
https://pubmed.ncbi.nlm.nih.gov/28819948/
https://pubmed.ncbi.nlm.nih.gov/21242171/
https://pubmed.ncbi.nlm.nih.gov/21242171/
https://pubmed.ncbi.nlm.nih.gov/21242171/
https://pubmed.ncbi.nlm.nih.gov/26078645/
https://pubmed.ncbi.nlm.nih.gov/26078645/
https://pubmed.ncbi.nlm.nih.gov/26078645/
https://pubmed.ncbi.nlm.nih.gov/26078645/
https://pubmed.ncbi.nlm.nih.gov/26078645/
https://pubmed.ncbi.nlm.nih.gov/16602928/
https://pubmed.ncbi.nlm.nih.gov/16602928/
https://pubmed.ncbi.nlm.nih.gov/19851894/
https://pubmed.ncbi.nlm.nih.gov/19851894/
https://pubmed.ncbi.nlm.nih.gov/19851894/
https://pubmed.ncbi.nlm.nih.gov/9687562/
https://pubmed.ncbi.nlm.nih.gov/9687562/
https://pubmed.ncbi.nlm.nih.gov/9687562/
https://pubmed.ncbi.nlm.nih.gov/3723200/
https://pubmed.ncbi.nlm.nih.gov/3723200/
https://pubmed.ncbi.nlm.nih.gov/3723200/
https://pubmed.ncbi.nlm.nih.gov/2669870/
https://pubmed.ncbi.nlm.nih.gov/2669870/
https://pubmed.ncbi.nlm.nih.gov/11285315/
https://pubmed.ncbi.nlm.nih.gov/11285315/
https://pubmed.ncbi.nlm.nih.gov/11285315/
https://www.sciencedirect.com/science/article/abs/pii/0006294483900716
https://www.sciencedirect.com/science/article/abs/pii/0006294483900716
https://www.sciencedirect.com/science/article/abs/pii/0006294483900716
https://pubmed.ncbi.nlm.nih.gov/22008092/
https://pubmed.ncbi.nlm.nih.gov/22008092/
https://pubmed.ncbi.nlm.nih.gov/22008092/
https://pubmed.ncbi.nlm.nih.gov/11923070/
https://pubmed.ncbi.nlm.nih.gov/11923070/
https://pubmed.ncbi.nlm.nih.gov/11923070/
https://pubmed.ncbi.nlm.nih.gov/8727673/
https://pubmed.ncbi.nlm.nih.gov/8727673/
https://pubmed.ncbi.nlm.nih.gov/8727673/
https://pubmed.ncbi.nlm.nih.gov/7836899/
https://pubmed.ncbi.nlm.nih.gov/7836899/
https://pubmed.ncbi.nlm.nih.gov/7836899/
https://pubmed.ncbi.nlm.nih.gov/7836899/
https://pubmed.ncbi.nlm.nih.gov/7836899/
https://pubmed.ncbi.nlm.nih.gov/31691192/
https://pubmed.ncbi.nlm.nih.gov/31691192/
https://pubmed.ncbi.nlm.nih.gov/31691192/
https://pubmed.ncbi.nlm.nih.gov/31691192/
https://pubmed.ncbi.nlm.nih.gov/34211677/
https://pubmed.ncbi.nlm.nih.gov/34211677/

	Nutrient Factors for Risk of Nodular Goiter
	Abstract
	Keywords

	Introduction
	Micro and Macro Elements in Nodular Goiter
	Conclusion
	References

