
Review article

Thyroid hormone (TH) regulates the body's metabolism and iodine, a vital 
trace mineral, is vital for TH synthesis. As a TH biosynthesis catalyst, iodine has a 
substantial role in our health. When there is a modest iodine deficit, the thyroid 
gland grows autonomously, resulting in thyrotoxicosis. Those who consume 
excessive iodine risk developing hypothyroidism and thyroid autoimmunity. A 
transient hyperthyroid condition may rapidly increase iodine consumption. Iodine 
deficiency is common across the globe, and provision of supplementary iodine, 
in forms such as iodized salt or vegetable oil, has many benefits. Vegetarians, 
for instance, may not consume adequate amounts of iodine in some countries 
with high iodine content. Reduced dietary iodine intakes may be a consequence 
of efforts to reduce salt intakes to prevent hypertension. In addition, iodine 
consumption is decreasing in many countries, even among those where endemic 
goiter has previously been eradicated, leading to the re-emergence of iodine-
deficiency-related disorders such as goiter. This review will discuss how iodine can 
contribute to the development of thyroid disease.
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Highlights

· The thyroid gland is a common target of autoimmune dysregulation. 
· It is a highly responsive organ, capable of reacting to variable dietary iodine intakes.
· Balanced calorie intake is one of the most effective dietary strategies for affecting the 

thyroid cycle.

Introduction

The thyroid gland is a common target of autoimmune dysregulation.1) In 1912, Hakaru 
Hashimoto, a Japanese physician, reported a syndrome in which lymphocytes invaded the 
thyroid, resulting in the production of antithyroid antibodies. Genetic, environmental, and 
dietary factors contribute to autoimmune thyroid disease (AITD), also known as autoimmune 
thyroiditis. AITD encompasses a number of  thyroid gland disorders, ranging from 
hypothyroidism to hyperthyroidism. Hashimoto thyroiditis (HT) may cause hypothyroidism, 
while the most frequent causes of hyperthyroidism include Graves' disease.2) Thyroid 
peroxidase (TPO) is the enzyme responsible for oxidizing iodide into iodine atoms for 
iodination of tyrosine residues on thyroglobulin (Tg), and subsequent oxidative coupling to 
produce the thyroid hormones (THs) monoiodotyrosine (T3) and diiodotyrosine (T4) from 
Tg. In HT, anti-TPO autoantibodies attack particular areas of the thyroid gland,3) leading to 
progressive thyroid damage, together with fatigue, weight gain, and constipation, reduced 
resistance to cold, dry skin, depression, muscular pains, and impaired exercise tolerance.4) The 
prevalence of HT among women 60 years of age or older is 15%, and 2% among men in the 

Impact of iodine intake on the pathogenesis of 
autoimmune thyroid disease in children and adults

Iyshwarya Bhaskar Kalarani, 
Ramakrishnan Veerabathiran

Human Cytogenetics and Genomics 
Laboratory, Faculty of Allied Health 
Sciences, Chettinad Hospital and 
Research Institute, Chettinad Academy 
of Research and Education, Tamilnadu, 
India

Received: 11 August, 2022
Revised: 21 September, 2022
Accepted: 10 November, 2022

Address for correspondence: 
Ramakrishnan Veerabathiran
Human Cytogenetics and Ge ­
nomics Laborator y,  Faculty of 
Allied Health Sciences, Chettinad 
Hospital and Research Institute, 
Chettinad Academy of Research and 
Education, Kelambakkam-603103, 
Tamilnadu, India
Email: rkgenes@gmail.com
https://orcid.org/0000-0002-9307-
5428

https://doi.org/10.6065/apem.2244186.093
Ann Pediatr Endocrinol Metab 2022;27:256-264

https://orcid.org/0000-0002-9307-5428
https://orcid.org/0000-0002-9307-5428
https://doi.org/10.6065/apem.2244186.093
https://crossmark.crossref.org/dialog/?doi=10.6065/apem.2244186.093&domain=pdf&date_stamp=2022-12-25


257

Kalarani IB and Veerabathiran R • Pathogenic role of iodine in autoimmune thyroid disease

www.e-apem.org

same age group.5) The primary autoantigen in Grave's disease 
(GD) is the thyroid-stimulating hormone (TSH) receptor, 
the targeting of which by anti-TSH antibody causes excessive 
TH production and symptoms that include agitation, fast 
heartbeat, loss of weight, poor heat tolerance, and bulging eyes 
(Graves' orbitopathy).6) Hypothyroidism may lead to weight 
gain secondary to edema, while substantial weight loss through 
enhanced muscle and adipose tissue catabolism may occur in 
hyperthyroidism. In addition to autoimmune dysregulation, 
the micronutrients iodine, iron, and selenium are nutritional 
variables that may alter thyroid function.7)

It has been estimated that there are approximately 0.8 cases 
of autoimmune-mediated hypothyroidism per 100 people, 95% 
of which are females. Worldwide, 2%–4% of women and 1% of 
men suffer from this disease, with the prevalence of the disease 
increasing with age.8) The typical dietary iodide consumption 
in modern times frequently exceeds the recommended limit. 
Although a moderately high iodine intake through food 
is usually safe, THs must be synthesized at optimal levels. 
Excessive iodine intake is a risk factor for thyroid diseases, 
including AITD, and certain people are more susceptible, 
including the elderly, pregnant women, fetuses, and neonates, 
as well as those with pre-existing goiters or iodine deficiency. 
Either a deficit or excess of iodine may increase the incidence 
of thyroid disease, and iodine intakes should be maintained 
within a limited optimal range.9) A daily intake of ~150–300 g 
of iodine is recommended by the World Health Organization 
(WHO; corresponding to a median urine iodine concentration 
of 100–199 g/L).

Dietary sources of iodine

Many foods and beverages lack iodine, a nutrient found in 
large quantities in the diet. Iodine concentration in drinking 
water varies by region, and is determined by soil iodine 
concentrations, ocean proximity, agricultural runoff, and water 
source and treatment technologies. As such, some countries, 
such as Israel, have low iodine concentrations in drinking 
water because desalinated water is used.10-12) Iodine is found 
in vegetables and fruits, and the concentrations are mainly 
determined by soil iodine levels and the chemicals used in 
irrigation and fertilization. Iodine concentrations in plants 
cultivated on iodine-deficient soils will be higher than those 
grown on iodine-sufficient soils and vary between 10 µg per kg 
and 1 mg per kg. Dietary iodine intake of ovine animals, poultry, 
and beef cattle will be affected, but can be supplemented by feed 
and salt licks containing iodine-rich supplements.13) There are 
varying amounts of iodine in hen eggs, ranging from 23 μg to 43 
μg per 100 g.14) Breast milk is rich in iodine, with concentrations 
20–50 times greater than in plasma. In dairy products, iodine 
concentrations typically range from 33 to 534 µg/L (13 to 
64% of the recommended daily consumption). Iodophors, 
which are iodine-based disinfectants used in milk production 
to clean udders and milk containers, may also contribute 
to iodine in dairy products.15) Iodine is the most abundant 

element found in fish and marine plants due to its presence in 
seawater. Depending to the species, iodine concentrations in 
marine fish may range between 18 and 1,210 µg/100 g. Iodine 
concentrations in freshwater fish are approximately 6 times 
lower than those of marine fish, but the ranges of values are 
likely to overlap. Depending on the species of macroalgae 
(seaweed), iodine concentrations range from 16 µg per gram to 
over 8,165 µg per gram.16) Seaweed use, formerly exclusive to 
Asian nations, has recently penetrated the global food industry, 
providing Western people with an additional source of iodine 
intake.17) Seaweed that is high in iodine can, however, be harmful 
to the thyroid if consumed in excessive quantities, particularly 
by vulnerable groups, such as pregnant women and those with 
thyroid-related autoimmune issues.18-20)

Iodine intake and AITD

The WHO and the United States Institute of  Medicine 
recommend that individuals consume iodine in amounts 
appropriate for their age and demographic category. Several 
studies have assessed the safety and effectiveness of iodine, and 
the benefits of iodine greatly outweigh any concerns iodine may 
cause. The WHO and the International Council for the Control 
of Iodine Deficiency Disorders adopted a global framework 
to prevent iodine deficiency. The use of iodized salt has been 
found to reduce iodine deficiency disorders and alter the 
pattern of thyroid illness.21) Nonetheless, one significant effect 
of excessive iodine on thyroid function is termed the Wolf-
Chaikof effect or long-term hypothyroidism caused by excess 
consumption of iodine. In addition, thyrotoxicosis associated 
with elevated iodine levels can cause acute toxic damage.22) 
There is a well-established relationship between population 
iodine intake and nonautoimmune thyroid disorders, though 
there is less clarity on iodine's role in AITDs.23) Several hypo
theses have been proposed to explain the association of 
excessive iodine consumption and thyroid autoimmunity. First, 
iodine may be directly toxic to thyroid tissue and influence 
immune effector cells. Free radical damage to thyroid tissue is 
widely acknowledged to be a factor in the onset or exacerbation 
of AITD.24) Experimental studies in genetically predisposed 
animals have shown that Tg becomes more immunogenic when 
exposed to excess iodine.

Thyroid function in infants and children

The developing fetus receives maternal T4 across the 
placenta, particularly during the first trimester of pregnancy, as 
well as hormones and other factors that affect thyroid function. 
Many studies of the effects of THs on the developing fetus 
have been conducted using sheep and rats, and the type of 
placentation and maturation timeframes must be considered 
when evaluating these findings. The rat thyroid gland is much 
less mature at birth than the human, and significant maturation 
of the rat thyroid gland and the hypothalamic-pituitary-thyroid 
axis occurs between birth and the first 2 or 3 weeks of life.
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Newborns and children exhibit significant increases in TH 
turnover compared to adults, and their T4, free T4, T3, and 
TSH concentrations gradually decline from peak values in the 
early post-natal period, while reverse T3 concentrations in the 
serum remain stable or increase slightly. During the first year of 
life, serum Tg concentrations decrease similarly, reaching adult 
levels by the sixth month. Neonates produce an estimated 5 to 
6 mg of T4 per kilogram daily; as a child grows, T4 production 
gradually declines to around 2 to 3 μg/kg/day at ages 3 to 9. In 
contrast, adults synthesize approximately 1.5 μg of T4 per kg 
daily. It is therefore imperative to use age-specific normative 
values when assessing serum T3. T4 and TSH concentrations in 
young children.

A newborn’s thyroid gland weighs around 1 g, and each lobe 
is approximately the size of the terminal phalanx of a newborn's 
thumb. The thyroid gland grows slowly during the first few 
months of a baby's life, and reaches its mature size of about 15 to 
20 g at the age of 15.25)

TH synthesis and metabolism

The thyroid gland produces 2 main hormones: thyroxine (T4) 
and triiodothyronine (T3). TSH is the primary regulator of TH 
synthesis and is present on the basolateral surface of thyrocytes. 
Thyrocytes receive iodine through sodium-iodine symporters 
(NIS) regulated by TSH; TSH also induces the creation of Tg, 
a glycoprotein produced by thyrocytes and stored within the 
follicular lumen (the colloid space). Iodide is combined with 
TPO, which oxidizes the iodide inside the cell to produce Tg. 
The Tg protease enzyme is activated by TSH to cleave Tg to 
generate T4, T3, and mono/T4 residues.26) Hypothyroidism 
and goiter may result from a deficiency of any of the enzymes 
involved in TH synthesis. In addition, autosomal recessive 

mutations in the genes encoding these enzymes, often cause 
dyshormonogenic hypothyroidism27) (Fig. 1).

The metabolism of iodine in the thyroid

Iodine stimulates the thyroid gland to produce THs.28) The 
NIS symporter transfers iodide across the plasma membrane to 
reach the thyrocyte sodium concentration gradient established 
by the Na+/K+-ATPase transporter as the driving force.29) 
Iodide is transported by multiple transporters into thyroid 
follicles, including PENDRIN, anoctamin-1, and cystic fibrosis 
transmembrane conductance regulators.30-32) TPO oxidizing 
iodide to iodine radicals and then integrates them into 
particular tyrosine residues on Tg to form iodotyrosines. Two 
T4 residues combine to form T4 (tetraiodothyronine), while one 
T3 and one T4 residue combine to form T3. Lysosomal enzymes 
release the THs from the mature colloid of the follicular lumen 
through micropinocytosis and also remove degraded Tg protein 
from the lumen.33) In the apical pole of thyrocytes, this enzyme 
uncouples protein residues by interacting with deiodinases, 
an enzyme involved in iodide recycling.34) It transported THs 
from thyrocytes into the bloodstream via monocarboxylate 
transporter 8. Gene variants specific to thyroids that produce 
THs are activated by it.35)

Excessive iodine increases physiological 
responses

The thyroid gland is a highly responsive organ, capable of 
reacting to variable dietary iodine intakes and, when stimulated, 
of accumulating iodine at up to an 80-fold concentration 
gradient. Most euthyroid people can consume up to 2 g of iodine 

Fig. 1. Synthesis of thyroid hormone. DIT, diiodotyrosine; MIT, monoiodotyrosine; ER, endoplasmic reticulum.
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per day without experiencing a clinical response if they do not 
have underlying thyroiditis and live in iodine-sufficient areas. At 
high iodine intakes, only slight changes in TH concentrations 
are evident: serum T4 and T3 concentrations may decrease by 
25% and 15%, respectively, with a corresponding rise in TSH of 
12 mIU/L, even though these values remain within the reference 
interval in most people. Although ultrasonographic thyroid 
volume may mildly increase, goiter or thyroid dysfunction 
does not appear clinically. Most of these mild side effects are 
reversible.18)

Control of the thyroid by iodine

Iodide influences thyroid function, with its principal activities 
limiting the thyroid's reactivity to thyrotropin and initially avoid 
oxidation. At elevated levels, the release of THs is stifled so that 
its trapping is reduced after a delayed period. Modification of 
dietary iodine intakes may be used to adjust blood TSH levels. 
Iodide control of the thyroid response to TSH36) comprises a 
negative feedback loop. Iodine organification (the incorporation 
of iodine into Tg) increases initially and then decreases as the 
iodide intake increases. The Wolff-Chaikoff effect is reliable 
for inorganic iodide concentration within the thyroid cells. 
Although the mechanism is unknown, iodide's inhibition of 
TPO or other enzymes may contribute to inhibition of iodine 
organification.37)

Environmental factors influence 
the pathogenesis of thyroid disease

Regions with higher soil and/or water iodine content tend 
to have a higher prevalence of autoimmune hypothyroidism 
and antithyroid antibodies. The most current evidence from 
Denmark supports this claim38): prior to iodization of salt, the 
prevalence of anti-TPO antibody (anti-TPO-Ab) was 14.3%, 
but increased to 23.8% after iodization; the prevalence of 
overt hypothyroidism increased from 38.3/100.000 per year 
at baseline to 47.2/100.000 per year a few years later. In a small 
Italian community, voluntary iodine prophylaxis increased the 
incidence of anti-TPO-Ab and hypothyroidism 15 years later. 
The World Health Organization recommends that everyone 
consume 150 g of iodine daily.39) The risk of GD has historically 
been linked to smoking, with an almost 3-fold greater likelihood 
of developing Graves' hyperthyroidism and/or Graves’ orbito
pathy among smokers. Symptoms typically disappear a few 
years after cessation of smoking, are dose-dependent, and are 
less pronounced in women. Smoking is also postulated to help 
prevent hypothyroidism, although there have been few studies 
of this effect. The prevalence of anti-TPO-Ab has been reported 
to be lower in smokers than in nonsmokers.40)

Alcohol has also been proven to offer protection against 
autoimmune diseases, including type-1 diabetes mellitus 
and rheumatoid arthritis. The preventive effects of alcohol 
are not yet known to have a specific mechanism of action.41) 
Thioredoxin reductases and selenium-dependent glutathione 

peroxidases control cellular redox status and protect cells from 
oxidative damage. Compared with other organs, the thyroid 
gland contains the greatest amount of selenium per gram. 
Immune function can be impaired when selenium levels are 
low. Therefore, a minor selenium deficiency may exacerbate 
autoimmune thyroid illness. Supplements containing selenium 
have been reported to reduce postpartum thyroid dysfunction 
and anti-TPO-Ab levels during pregnancy.6,42) Stress is widely 
acknowledged to play a role in the onset of GD. There is 
evidence that patients with Graves' hyperthyroidism experience 
more stressful life events prior to their diagnosis than controls; 
however, these investigations were all conducted retrospectively, 
and the evidence is only circumstantial. There has been minimal 
research into the role of stress in the development of HT.43) It 
is challenging to apply thyroid-related toxicant findings to an 
individual since thyroid-related toxicant assessments examine 
the effects on the general population (Table 1).44)

Apoptosis and AITD

Even though both inherited and environmental factors 
contribute to the pathogenesis of AITD, it remains unclear 
how the disease develops. In HT, apoptosis is increased in 
situ, whereas in GD, apoptosis is reduced, underscoring that 
apoptosis regulates cell function. Invading lymphoid cells make 
up a large proportion of apoptotic cells within the thyroid. 
Invading CD4 T lymphocytes kill Fas-ligand (FasL)-expressing 
target cells in the thyroid glands in people with GD. Thyrocyte-
stimulating antibodies that stimulate thyrocyte hyperplasia 
may be less cytotoxic on activated FasL-expressing CD4 T cells. 
Besides TSH, IgG from GD patients reduces Fas expression 
in thyrocytes. Thyroid-stimulating antibodies reduce Fas 
production by increasing cyclic adenosine monophosphate 
(cAMP) in thyroid cells. Moreover, anti-TSH receptor anti

Table 1. Risk factors associated with autoimmune thyroid disease
Risk factor Mechanism
Genetic background/ family history of thyroid

Major histocompatibility genes ↑Genetic susceptibility to environ
mental triggers

Immunoregulatory genes
Thyroid-specific genes

Environmental factors
Dietary iodine ↑Immunogenicity of thyroglobulin, 

thyroid cell destruction
Smoking ↑Cytokines in thyroid, complex 

interactions with the immune 
system

Selenium Interact with immune response
Env i ronmenta l  tox icants/

chemicals
Promote autoimmune thyroiditis in 

susceptible models
Stress Provocative factor in the pathoge

nesis of Graves' disease
Drugs Exogenous estrogens may protect 

against the development of anti
thyroid antibodies 
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bodies may suppress Fas-mediated apoptosis in GD patients, 
leading to the development of goiter. In addition, TSH inhibits 
cAMP production and Fas expression in thyrocytes of patients 
with idiopathic myxedema.

Lymphocytes become more efficient when incorporated 
self-antigens, and soluble Fas receptor competes with 
membrane-bound Fas receptor for lymphocyte proliferation 
and development. It is also important to note that soluble 
Fas suppresses the Fas and FasL systems in Graves' disease 
patients. Untreated individuals with the illness had significantly 
higher serum levels of soluble Fas than age-matched control 
participants. In patients with GD, soluble Fas levels decline after 
6 to 8 weeks of antithyroid medications. As far as TSH, anti-
microsomal antibodies, and antithyroglobulin antibodies are 
concerned, there is no correlation between soluble Fas levels 
and anti-TSH receptor antibodies. Interleukin 1α and tumor 
necrosis factor-β have been reported to promote the production 
of soluble Fas in the supernatant of cultured thyrocytes from 
GD patients. These conditions are associated with soluble Fas 
contributing to GD development (Fig. 2).45)

Genetics plays a vital role in the pathogenesis 
of AITD

To decipher the complex genetic contribution to autoimmune 
diseases, certain types of DNA variants and methodologies 
accounting for gene-environment interaction, genome-
genomic interaction, and transgenerational inheritance 
findings have been examined.46,47) The susceptibility of loci 
clustering in the same immunological pathway or nearby GD 
may be affected by gene-gene interactions between human 
leukocyte antigen (HLA) category II molecules and Tg. It is 
believed that environmental factors account for about 20% of 

the predisposition to AITD in monozygotic twins48); the lack of 
concordance between monozygotic twins has highlighted this 
factor. Several genes implicated in regulating immune responses 
are found on the short arm of chromosome six, known as the 
HLA complex (a correlate of the major histocompatibility 
complex in laboratory animals). There are 3 histocompatibility 
classes: Class I contains genes encoding immune-response-
related molecules and molecules that are no longer associated 
with immunity; Class II comprises genes encoding immune-
response-related molecules; and Class III includes genes 
encoding other molecules not associated with immunity.49) In 
immunological checkpoints, CTLA-4 functions as a protein 
receptor called CD152 (cluster of differentiation 152). This 
protein controls the immune response at the surface of T cells. 
In addition to reducing mRNA synthesis, polymorphisms 
encoding the soluble form of the molecule are thought to be 
beneficial. Many It has linked gene variations to GD, the most 
likely a polymorphism in position 60.50)

Significant genes play a role in AITD

Antithyroid antibodies have been linked to se veral 
genes implicated in AITD, as shown in Table 2. By utilizing 
conventional case-control studies and screening for single 
nucleotide polymorphisms, the following AITD-associated 
genes were identified: CD4+ T-helper cells recognize foreign 
antigens with HLA class II molecules, while the interleukin-2 
receptor alpha chain encodes CD25, a protein suppressed 
by T-regulatory cells. In addition, by interacting with T-cell 
receptor signaling molecules, protein tyrosine phosphatase non-
receptor type 22 takes part in T-cell signal transduction; CTLA4 
inhibits T-cell signaling, and HLA class II molecules inhibit 
exogenous antigen presentation. Furthermore, genome-wide 
association studies (GWAS) and case-control studies found 
additional AITD genes, including Fc-receptor-like 3, which 
plays both a positive and a negative role in B-cell signaling. In 
addition, endogenous antigens, such as virally derived antigens, 
are presented to CD8+ T cells by HLA class I molecules; TSHR 
is the primary autoantigen target in GD and is the TSH receptor.

The GWAS and genotyping microarray (e.g., Immunochip) 
results identified the following AITD-associated genes: CD4+ 
T-helper cells and CD8+ T cells express GD candidate gene 
at 4p14 (GDCG4p14), and CD4+ T-helper and CD8+ T cells 
express RNASET2. BACH2 may influence B-cell development 
and antibody production through its role in B-cell maturation. 
Tg and TPO promoters contain forkhead box E1 (FOXE1) 
response elements that aid thyroid gland morphogenesis. 
There is no clear understanding of the function of other AITD-
associated genes identified by GWAS and Immunochip. The 
immunopathogenesis of AITD may therefore be influenced 
by susceptibility genes with known functions, indicating the 
relevance T cells to the pathogenesis of AITD.51)

The GDCG4p14 is a newly discovered gene whose 5' ends are 
located approximately 5 kb downstream of the shorter cDNA.52) 
The small Maf  family gene BACH2 can switch between 

Fig. 2. Role of apoptosis in thyroid disease. FADD, Fas associated death domain; 
TNF, tumor necrosis factor; TRAIL, TNF related, apoptosis induced ligand. FADD, 
Fas associated death domain; TNF, tumor necrosis factor; TRAIL, TNF related, 
apoptosis induced ligand.
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repressor and activator functions. It is significant to note that 
BACH2 is expressed at 4 stages in primary B cells: pro-, pre-
, immature, and mature. A role for BACH2 may be played by 
primary B cells in developing and producing antibodies.53) In 
humans, only RNASET2 is a member of the RNase T2 family, 
and it is thought to play a role in inhibiting tumorigenesis, 
metastasis, and angiogenesis. In human dendritic cells, the 
RNase T2 family secreted from Schistosoma mansoni eggs 
primes CD4+ T cells for Th2 polarization. According to current 
theories, Graves' disease is caused by an abnormal immune 
response triggered by RNASET2.52) A thyroid transcription 
factor, the thyroid transcription factor 2, is also known as the 
FOXE1 and was previously known as forkhead drosophila 
homolog-like 15. This transcription factor belongs to the 
family of transcription factors with a forkhead/winged helix 
design. Thyroid-specific proteins recognize and bind to DNA 
sequences in the promoters of the Tg and thyroperoxidase 
(TPO) genes specific to thyroid follicles. As an adult thyroid 
gland transcriptional repressor, this protein may also suppress 
the expression of both thyroid genes.54)

Oxidative stress in TH physiology

Reactive oxygen species (ROS) may contribute to the 
underlying cause of many illnesses because of their critical role 
in many physiological processes. Hydrogen peroxide (H2O2) is 
a diffusible second messenger involved in redox processes that 
acts as a signaling molecule.55) While oxidative processes occur 
in all tissues and organs, ROS play a specific role in thyroid 
physiology. THs are produced. Iodine is the only external 
element, along with TPO, H2O2, and Tg.56,57) The enzyme TPO 
oxidizes iodide to iodine with H2O2 acting to accept electrons 
from the reaction between iodine and iodotyrosine. Oxidative 
processes are at the basis of both the Wolff-Chaikoff effect 
and escape phenomenon. Under physiological conditions, the 
thyroid's endogenous antioxidative system is balanced against 

ROS formation, which is required for TH production. Processes 
causing imbalances in these various thyroid conditions can 
cause oxidative damage to macromolecules.58)

Conclusions

Nutrition strongly influences the supply, regulation, and 
disposal of the THs that play a crucial role in controlling the 
body's metabolism. Therefore, dietary strategies to influence 
the thyroid cycle must comprise a balanced intake of calories 
with a proper iodine supply. Caloric restriction alone most likely 
leads to reductions in catabolic expenditure due to homeostatic 
controls. When iodine supply to the thyroid gland in inadequate, 
compensatory alterations in iodide accumulation and binding 
occur in the thyroid gland to ensure appropriate synthesis and 
supply of THs. Despite widespread iodine supplementation in 
many Western countries, goiter and other illnesses may resurface 
due to insufficient monitoring of iodine intakes, vegetarianism, 
and reduced salt consumption. In addition, iodine intake can 
exacerbate thyroiditis in amiodarone users by increasing Tg 
autoantibodies. Iodine supplementation increases the frequency 
and severity of autoimmune thyroiditis in animal models, 
which is consistent with epidemiological studies. Iodization 
of salt remains the most successful strategy to eradicate iodine 
deficiency in human diets. However, the hazards (and iodine-
induced hyperthyroidism, in particular) exceed the advantages. 
Therefore, doctors and patients need to be aware of the potential 
to induce thyroid abnormalities as a result of the use of specific 
meals and herbal medicines.
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Table 2. Major genes associated with autoimmune thyroid disease
Gene name Function
Protein tyrosine phosphatase non-receptor type 22 

(PTPN22)
The PTPN22 gene encodes an enzyme belonging to the protein tyrosine phosphatase (PTP) family. 

The PTPN22 protein controls T cells in the immune system through signaling.
Cytotoxic T-lymphocyte associated protein 4 

(CTLA4)
This inhibitory receptor negatively regulates T-cell response.

Interleukin 2 receptor subunit alpha (IL2RA) Regulatory T cells control immunity by activating the receptor, which regulates immunity toler
ability. T cells that produce autoreactive antibodies are suppressed.

Fc-receptor-like 3 (FCRL3) T cells expressing FCRL3 exhibit a memory phenotype, are relatively insensitive to antigenic 
stimulation and are less capable of suppressing effector T-cell proliferation. 

Thyroid hormone stimulating receptor (TSHR) The hormonal receptor also binds to heterodimeric glycoproteins called thyrostimulin. An 
adenylatecyclase-activated G protein mediates the activity of this receptor. This hormone 
controls thyroid cell metabolism.

GD Candidate gene at 4p14 (GDCG4P14) A newly cloned gene, GDCG4p14, was expressed more strongly in CD4+ and CD8+ T cells.
Ribonuclease T2 (RNASET2) It plays an essential role in the innate immune response by recognizing and degrading microbial 

pathogenic RNAs.
BTB domain And CNC homolog 2 (BACH2) A transcriptional regulator that functions as a repressor or activator. A crucial role for MAF BZIP 

transcription factor K is coordinating the activation and repression of transcription.
Forkhead box E 1 (FOXE1) Enhances the transcriptional activity of Tg and TPO genes. Moreover, it functions as a 

transcriptional repressor specific to the promoters of both genes.



Kalarani IB and Veerabathiran R • Pathogenic role of iodine in autoimmune thyroid disease

262 www.e-apem.org

funding agency in the public, commercial, or not-for-profit 
sectors.

Author contribution: Author contribution: Conceptualization: 
RV; Writing - original draft: IBK; Writing - review & editing: 
IBK; RV

ORCID
Iyshwarya Bhaskar Kalarani: 0000-0001-9368-3434
Ramakrishnan Veerabathiran: 0000-0002-9307-5428

References

1.	 McLeod DS, Cooper DS. The incidence and prevalence of 
thyroid autoimmunity. Endocrine 2012;42:252-65.

2.	 Sengupta J, Das H, Vinoth GCD, Sasithra S, Jennifer BJ. An 
observational study of incidence of metabolic syndrome 
among patients with controlled Grave's disease. Clin 
Epidemiology Glob Health 2022;15:101010.

3.	 Effraimidis G, Wiersinga WM. Mechanisms in endocri
nology: autoimmune thyroid disease: old and new players. 
Eur J Endocrinol 2014;170:R241-52.

4.	 Rayman MP. Multiple nutritional factors and thyroid 
disease, with particular reference to autoimmune thyroid 
disease. Proc Nutr Soc 2019;78:34-44.

5.	 Nacamulli D, Petricca D, Mian C. Selenium and autoim
mune thyroiditis . J  Endocrinol Invest  2013;36(10 
Suppl):8-14.

6.	 Marcocci C, Kahaly GJ, Krassas GE, Bartalena L, Prummel 
M, Stahl M, et al. Selenium and the course of mild Graves' 
orbitopathy. N Engl J Med 2011;364:1920-31.

7.	 Hu S, Rayman MP. Multiple nutritional factors and the risk 
of Hashimoto's thyroiditis. Thyroid 2017;27:597-610.

8.	 Rajan VK. Raised incidence of autoimmune thyroiditis 
among females in 2nd, 3rd and 4th decades: a randomized 
study. Inte Surg J 2019;6:1074-7.

9.	 Marković L. Role of iodine in pathogenesis of thyroid 
disease-is induction of apoptosis consequence of iodine 
cytotoxicity? Srp Arh Celok Lek 2017;145:309-14.

10.	 Fuge R, Johnson CC. Iodine and human health, the role 
of environmental geochemistry and diet, a review. Appl 
Geochemistry 2015;63:282-302.

11.	 Chen W, Li X, Wu Y, Bian J, Shen J, Jiang W, et al. Associations 
between iodine intake, thyroid volume, and goiter rate 
in school-aged Chinese children from areas with high 
iodine drinking water concentrations. Am J Clin Nutr 
2017;105:228-33.

12.	 Ovadia YS, Gefel D, Aharoni D, Turkot S, Fytlovich S, 
Troen AM. Can desalinated seawater contribute to iodine-
deficiency disorders? An observation and hypothesis. 
Public Health Nutr 2016;19:2808-17.

13.	 Ershow AG, Skeaff SA, Merkel JM, Pehrsson PR. Develop
ment of  databases on iodine in foods and dietar y 
supplements. Nutrients 2018;10:100.

14.	 Nerhus I, Wik Markhus M, Nilsen BM, Øyen J, Maage 
A, Ødegård ER, et al. Iodine content of six fish species, 
Norwegian dairy products and hen's egg. Food Nutr Res 
2018 May 24;62. https://doi.org/10.29219/fnr.v62.1291. 
[Epub].

15.	 van der Reijden OL, Zimmermann MB, Galetti V. Iodine 
in dairy milk: Sources, concentrations and importance 
to human health. Best Pract Res Clin Endocrinol Metab 
2017;31:385-95.

16.	 Maehre HK, Malde MK, Eilertsen KE, Elvevoll EO. 
Characterization of protein, lipid and mineral contents 
in common Norwegian seaweeds and evaluation of their 
potential as food and feed. J Sci Food Agric 2014;94:3281-
90.

17.	 Bouga M, Combet E. Emergence of seaweed and seaweed-
containing foods in the UK: focus on labeling, iodine 
content, toxicity and nutrition. Foods 2015;4:240-53.

18.	 Bürgi H. Iodine excess. Best Pract Res Clin Endocrinol 
Metab 2010;24:107-15.

19.	 Pearce EN, editor. Iodine deficiency disorders and their 
elimination. Cham (Switzerland): Springer International 
Publishing; 2017.

20.	 Aakre I, Tveito Evensen L, Kjellevold M, Dahl L, Henjum 
S, Alexander J, et al. Iodine status and thyroid function 
in a group of seaweed consumers in Norway. Nutrients 
2020;12:3483.

21.	 Gorstein JL, Bagriansky J, Pearce EN, Kupka R, Zimmer
mann MB. Estimating the health and economic benefits 
of universal salt iodization programs to correct iodine 
deficiency disorders. Thyroid 2020;30:1802-9.

22.	 Farebrother J, Zimmermann MB, Andersson M. Excess 
iodine intake: sources, assessment, and effects on thyroid 
function. Ann N Y Acad Sci 2019;1446:44-65.

23.	 Teti C, Panciroli M, Nazzari E, Pesce G, Mariotti S, Olivieri 
A, et al. Iodoprophylaxis and thyroid autoimmunity: an 
update. Immunol Res 2021;69:129-38.

24.	 Ruggeri RM, CampennÌ A, Giuffrida G, Casciaro M, 
Barbalace MC, Hrelia S, et al. Oxidative stress as a key 
feature of autoimmune thyroiditis: an update. Minerva 
Endocrinol 2020;45:326-44.

25.	 Segni M. Disorders of  the thyroid gland in infancy, 
childhood and adolescence. In: Feingold KR, Anawalt 
B, Boyce A, et al., editors. Endotext [Internet]. South 
Dartmouth (MA): MDText.com, Inc.; 2000 [update 2017 
Mar18; cited 2017 Mar 18]. Available from: https://www.
ncbi.nlm.nih.gov/books/NBK279032/.

26.	 Thyroid. In: Kappy M, Geffner M, Allen D. Pediatric 
practice. New York: McGraw-Hill Education, 2010. p. 107-
10.

27.	 Sperling M. Pediatric endocrinology. 4th. Philadelphia (PA): 
Elsevier, 2014:186-92. Chapter 7. Disorders of the thyroid 

https://orcid.org/0000-0001-9368-3434
https://orcid.org/0000-0002-9307-5428
https://doi.org/10.29219/fnr.v62.1291
https://www.ncbi.nlm.nih.gov/books/NBK279032/
https://www.ncbi.nlm.nih.gov/books/NBK279032/


263

Kalarani IB and Veerabathiran R • Pathogenic role of iodine in autoimmune thyroid disease

www.e-apem.org

in the newborn 401 and infant.
28.	 Zimmermann MB. Iodine deficiency. Endocr Rev 2009;30: 

376-408.
29.	 Wapnir IL, van de Rijn M, Nowels K, Amenta PS, Walton 

K, Montgomery K, et al. Immunohistochemical profile 
of the sodium/iodide symporter in thyroid, breast, and 
other carcinomas using high density tissue microarrays 
and conventional sections. J Clin Endocrinol Metab 
2003;88:1880-8.

30.	 Shcheynikov N, Yang D, Wang Y, Zeng W, Karniski LP, So I, 
et al. The Slc26a4 transporter functions as an electroneutral 
Cl-/I-/HCO3- exchanger: role of Slc26a4 and Slc26a6 in 
I- and HCO3- secretion and in regulation of CFTR in the 
parotid duct. J Physiol 2008;586:3813-24.

31.	 Kopp P, Pesce L, Solis-S JC. Pendred syndrome and 
iodide transport in the thyroid. Trends Endocrinol Metab 
2008;19:260-8.

32.	 Twyffels L, Strickaert A, Virreira M, Massart C, Van Sande 
J, Wauquier C, et al. Anoctamin-1/TMEM16A is the major 
apical iodide channel of the thyrocyte. Am J Physiol Cell 
Physiol 2014;307:C1102-12.

33.	 Carvalho DP, Dupuy C. Thyroid hormone biosynthesis and 
release. Mol Cell Endocrinol 2017;458:6-15.

34.	 Gnidehou S, Caillou B, Talbot M, Ohayon R, Kaniewski 
J, Noël-Hudson MS, et al. Iodotyrosine dehalogenase 1 
(DEHAL1) is a transmembrane protein involved in the 
recycling of iodide close to the thyroglobulin iodination 
site. FASEB J 2004;18:1574-6.

35.	 De la Vieja A, Santisteban P. Role of iodide metabolism in 
physiology and cancer. Endocr Relat Cancer 2018;25:R225-
45.

36.	 Weir GC, Jameson JL, De Groot LJ. Endocrinology adult 
and pediatric: diabetes mellitus and obesity E-book. 6th ed. 
Philadelphia (PA): Elsevier Health Sciences; 2013.

37.	 Chung HR. Iodine and thyroid function. Ann Pediatr 
Endocrinol Metab 2014;19:8-12.

38.	 Pedersen IB, Laurberg P, Knudsen N, Jørgensen T, 
Perrild H, Ovesen L, et al. An increased incidence of 
overt hypothyroidism after iodine fortification of salt 
in Denmark: a prospective population study. J Clin 
Endocrinol Metab 2007;92:3122-7.

39.	 Aghini Lombardi F, Fiore E, Tonacchera M, Antonangeli 
L, R ago T, Frigeri M, et al. The effect of  voluntar y 
iodine prophylaxis in a small rural community: the 
Pescopagano survey 15 years later. J Clin Endocrinol Metab 
2013;98:1031-9.

40.	 Wiersinga WM. Smoking and thyroid. Clin Endocrinol 
(Oxf) 2013;79:145-51.

41.	 Effraimidis G, Tijssen JG, Wiersinga WM. Alcohol 
consumption as a risk factor for autoimmune thyroid 
disease: a prospective study. Eur Thyroid J 2012;1:99-104.

42.	 Negro R, Greco G, Mangieri T, Pezzarossa A, Dazzi D, 
Hassan H. The influence of selenium supplementation on 
postpartum thyroid status in pregnant women with thyroid 
peroxidase autoantibodies. J Clin Endocrinol Metab 
2007;92:1263-8.

43.	 Wiersinga WM. Clinical relevance of  environmental 
factors in the pathogenesis of autoimmune thyroid disease. 
Endocrinol Metab (Seoul) 2016;31:213-22.

44.	 Brent GA. Environmental exposures and autoimmune 
thyroid disease. Thyroid 2010;20:755-61.

45.	 Lin JD. The role of apoptosis in autoimmune thyroid 
disorders and thyroid cancer. BMJ 2001;322:1525-7.

46.	 Simmonds MJ, Gough SC. The search for the genetic 
contribution to autoimmune thyroid disease: the never 
ending story? Brief Funct Genomics 2011;10:77-90.

47.	 Inaba H, Martin W, Ardito M, De Groot AS, De Groot 
LJ. The role of glutamic or aspartic acid in position four 
of the epitope binding motif and thyrotropin receptor-
extracellular domain epitope selection in Graves' disease. J 
Clin Endocrinol Metab 2010;95:2909-16.

48.	 Hodge SE, Ban Y, Strug LJ, Greenberg DA, Davies TF, 
Concepcion ES, et al. Possible interaction between HLA-
DRbeta1 and thyroglobulin variants in Graves' disease. 
Thyroid 2006;16:351-5.

49.	 André S, Tough DF, Lacroix-Desmazes S, Kaveri SV, Bayry 
J. Surveillance of antigen-presenting cells by CD4+ CD25+ 
regulatory T cells in autoimmunity: immunopathogenesis 
and therapeutic implications. Am J Pathol 2009;174:1575-
87.

50.	 Fournié GJ, Mas M, Cautain B, Savignac M, Subra JF, 
Pelletier L, et al. Induction of autoimmunity through 
bystander effects. Lessons from immunological disorders 
induced by heavy metals. J Autoimmun 2001;16:319-26.

51.	 Antonelli A, Ferrari SM, Corrado A, Di Domenicantonio A, 
Fallahi P. Autoimmune thyroid disorders. Autoimmun Rev 
2015;14:174-80.

52.	 Chu X, Pan CM, Zhao SX, Liang J, Gao GQ, Zhang XM, et 
al. A genome-wide association study identifies two new risk 
loci for Graves' disease. Nat Genet 2011;43:897-901.

53.	 Simmonds MJ. Evaluating the role of B cells in autoimmune 
disease: more than just initiators of disease? In: Advances 
in medicine and biology. Hauppauge (NY): Nova Science 
Publishers, 2011:151-76.

54.	 Castanet M, Polak M. Spectrum of Human Foxe1/TTF2 
Mutations. Horm Res Paediatr 2010;73:423-9.

55.	 Knaus UG. Oxidants in physiological processes. In: 
Schmidt HHHW, Ghezzi P, Cuadrado A, editors. Reactive 
oxygen species. Handbook of Experimental Pharmacology, 
vol 264. Cham (Switzerland): Springer, 2020:27-47.

56.	 Karbownik-Lewińska M, Kokoszko-Bilska A. Oxidative 
damage to macromolecules in the thyroid - experimental 



Kalarani IB and Veerabathiran R • Pathogenic role of iodine in autoimmune thyroid disease

264 www.e-apem.org

evidence. Thyroid Res 2012;5:25.
57.	 Iwan P, Stepniak J, Karbownik-Lewinska M. Pro-oxidative 

effect of  KIO3 and protective effect of  melatonin in 
the thyroid-comparison to other tissues. Life (Basel) 
2021;11:592.

58.	 Rynkowska A, Stępniak J, Karbownik-Lewińska M. Fenton 
reaction-induced oxidative damage to membrane lipids 
and protective effects of 17β-estradiol in porcine ovary 
and thyroid homogenates. Int J Environ Res Public Health 
2020;17:6841.


