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Trace elements and the thyroid
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Trace elements, such as iodine and selenium (Se), are vital to human health and
play an essential role in metabolism. They are also important to thyroid
metabolism and function, and correlate with thyroid autoimmunity and
tumors. Other minerals such as iron (Ir), lithium (Li), copper (Co), zinc (Zn),
manganese (Mn), magnesium (Mg), cadmium (Cd), and molybdenum (Mo), may
related to thyroid function and disease. Normal thyroid function depends on a
variety of trace elements for thyroid hormone synthesis and metabolism. These
trace elements interact with each other and are in a dynamic balance.
However, this balance may be disturbed by the excess or deficiency of one
or more elements, leading to abnormal thyroid function and the promotion of
autoimmune thyroid diseases and thyroid tumors.The relationship between
trace elements and thyroid disorders is still unclear, and further research is
needed to clarify this issue and improve our understanding of how trace
elements mediate thyroid function and metabolism. This paper systematically
reviewed recently published literature on the relationship between various
trace elements and thyroid function to provide a preliminary theoretical basis
for future research.
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Introduction

The thyroid gland plays a key role in homeostasis, growth and development, and
normal reproductive, nervous, and cardiovascular system function. Thyroid function is
regulated by the hypothalamic-pituitary-thyroid axis and mediated by thyrotropin-
releasing hormone (TRH), thyroid-stimulating hormone (TSH), triiodothyronine (T3),
and thyroxine (T4). Thyroid disease is a common endocrine disorder increasing in
prevalence, and the etiology of thyroid disease is gaining more attention. Although
research is inconclusive, the relationship between trace elements and thyroid diseases
are investigated.

Trace elements are essential for human survival and many physiological processes,
including those of the thyroid gland, where the concentration of many trace elements is
higher than that of other tissues (1). The thyroid affects trace element metabolism, and
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the level of trace elements also affects normal thyroid
metabolism and function (2). A change in trace element
concentration will affect the endocrine system and other body
systems, causing thyroid dysfunction, including
hyperthyroidism, hypothyroidism, autoimmune thyroid
disease (Graves’ disease and Hashimoto’s thyroiditis), thyroid
cancer, and other system diseases.

In this review, we will evaluate the relationship between trace
elements and thyroid function and discuss the interaction
between various trace elements and thyroid diseases. We hope
to provide a theoretical basis for future research.

lodine

Iodine is an essential trace element that is a component of T4
and T3. Inadequate iodine intake can impair thyroid function
and lead to goiters, cognitive-developmental disorders, and
congenital abnormalities, collectively known as iodine
deficiency disorders. Inadequate iodine intake is closely related
to nodular goiters (3). In mild iodine deficiency, the thyroid
gland can adapt and maintain thyroid hormone production
within normal limits. However, long-term adaptation of iodine
deficiency leads to follicular cell proliferation, autonomous
thyroid growth and disfunction (4).

Iodine deficiency causes nodular goiter as follows. Iodine is
an antioxidant that inhibits the production of hydrogen peroxide
(H202) which is the major source of free radicals or reactive
oxygen species(ROS) (5). Excessive production of H202 and
ROS caused by iodine deficiency could lead to increased
mutations in genes associated with thyroid cell growth. This
may lead to the appearance of autonomous thyroid cell cloning,
which promotes thyroid hormone production and decreases the
level of TSH (4, 6). This also explains the phenomenon that TSH
levels do not increase in people with iodine deficiency, but rather
decrease. Compared to people with normal or excessive iodine
intake, people with chronic mild-to-moderate iodine deficiency
have a higher prevalence of hyperthyroidism and lower TSH
levels. We expect that iodine deficient individuals do not
produce enough thyroid hormone and having rising TSH
levels, but the opposite occurs. Iodine deficiency reportedly
increases the incidence of thyroid nodules, followed by an
increase in hyperthyroidism (3, 6).

TIodine intake is also linked to thyroid function. Severe iodine
deficiency is responsible for hypothyroidism due to a lack of the
substrate for the synthesis of thyroid hormone. As discussed
previously, chronic mild-to-moderate iodine deficiency is
associated with decreased TSH and hyperthyroidism. When
iodine is deficiency, the thyroid gland is able to maintain
normal hormone levels at the expense of autonomous growth
and hyperactivity of thyroid follicular cells (4). Wolf-Chaikoff
effect defines a large amount of iodine causes hypothyroidism.
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This is due to a transient blockade of the iodine organification
resulting from the downregulation of sodium iodide symporter
(NIS), reducing the transportation of iodine into thyroid cells,
resulting deficiency of hormone synthesis and low thyroid
hormone function (5). There is an increased risk of subclinical
hypothyroidism caused by increased iodine intake, especially in
those with positive thyroid antibody (7). This may be related to
primary autoimmune thyroid disease. According to research,
high oral doses of iodine in patients with iodine deficiency can
accelerate autoantibody production. When patients with
Hashimoto’s thyroiditis are exposed to high levels of iodine,
the risk of hypothyroidism increases (3). It is unclear if this
situation is temporary, and further study is warranted.

The relationship between iodine intake and thyroid
autoimmunity is complex and remains a debate. The presence
of thyroid antibodies is an important signal of thyroid
autoimmunity and is closely related to the severity of thyroid
lymphocyte infiltration (8). Some research suggests that high
iodine intake can cause an elevated thyroid antibody
concentration and that large doses of oral iodine can
accelerate thyroid antibody production in iodine-deficient
patients (9, 10). The increase of circulating thyroid antibodies
with stable, high iodine intake is not particularly common, but a
sudden increase of iodine intake may induce thyroid
autoimmunity. When iodine intake is suddenly increased in
iodine deficient people, thyroid autoimmune reaction will be
further aggravated. People with low iodine intake reportedly
have a lower prevalence of circulating thyroid antibodies while
those with high iodine intake have a higher prevalence of
circulating thyroid antibodies (4). However, other studies have
not found an association between iodine intake and high
After the worldwide
implementation of mandatory or voluntary iodine fortification

antibody concentration (11, 12).

programs (IFP), recent studies have clearly demonstrated that
the recommended iodine intake (the median iodine
concentration < 300ug/L) can largely reduce the risks on
thyroid autoimmunity. The studies also concluded that the
increase on thyroid autoimmune diseases did not mean
restriction of iodine intake, the other factors affecting the
increased prevalence of autoimmune disease should be
considered (13). The relationship between iodine intake and
the presence of circulating thyroid antibodies is more complex
than is currently understood.

Some animal experiments and epidemiological
investigations have demonstrated a relationship between
iodine intake and thyroid cancer (14-16). A retrospective
study involving 1170 patients showed that in areas with
adequate iodine intake, both extremely low and high iodine
intake are associated with an increased risk of thyroid cancer
(17). A study before and after iodine supplementation in areas
with previous iodine deficiency concluded that iodine
supplementation may increase the incidence of papillary
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thyroid cancer(PTC) (18). The likely cause is that excessive
iodine can induce toxic effects on the thyroid (5). As mentioned
earlier, thyroid hormone synthesis requires high concentrations
of H202 and iodine, H202 is the major source of free radicals or
ROS, that cause potential damage to thyroid follicular cells.
Iodine is an antioxidant that inhibits the production of H202.
Thus, low level of iodine has no ability to inhibit H202 or ROS,
resulting in DNA damage and mutations. It has also been shown
that iodine activates mitochondria, reducing the expression of
anti-apoptotic proteins and increasing the expression of p21,
selectively inducing apoptosis of cancer cells (5).

Appropriate iodine intake can significantly reduce the
incidence of thyrotoxicosis without increasing the incidence of
persistent clinical hypothyroidism (6). Increased iodine intake
in cases of iodine deficiency can reduce the prevalence of
goiter, adult thyroid autonomous nodules, and thyrotoxicosis,
improve intelligence in children, and reduce the risk of
thyroid cancer. The relationship between a population’s iodine
intake and the occurrence of thyroid disease is U-shaped, as both
iodine deficiency and high iodine status are risk factors for
thyroid diseases. But the threshold value of iodine excess or
deficiency is equivocal and does not cover all part of the world
and all groups (8, 19). Iodine intake should be regulated with
great care.

Selenium

Selenium (Se) is an important element in thyroid hormone
biosynthesis and metabolism (20). Thyroid tissue has the highest
Se concentration (21). Se exerts its biological function through
selenoproteins, the main classes of selenoproteins are
glutathione peroxidase(GPX), iodothyronine deiodinase(DIO),
thioredoxin reductase(TXNRD), selenoprotein P(SEPP),
selenoprotein K(SELK), etc. They are involved in many diverse
biological processes, including DNA synthesis, oxidoreductions,
antioxidant defence, thyroid hormone metabolism, immune
responses and so on (22, 23). Se deficiency decreases the
ability of T4 to transform into T3 (24). Lower serum Se levels
(Se deficiency) are associated with newly diagnosed Graves’
disease and autoimmune hypothyroidism (25).

Although iodine is a major factor in the multiple etiologies of
thyroid disease and is a major determinant of thyroid size,
experts have proposed that Se also affects thyroid size (20, 26).
During the biosynthesis and storage of thyroid hormones, the
normal function of thyroid cells and vascular follicular units
requires adequate Se intake. Iodine status is a major driver of
changes in thyroid size in people with iodine deficiency. In
iodine-rich individuals, the effect of Se on thyroid size was more
pronounced than that of iodine deficient. A large intervention
study has shown that inadequate Se intake is associated with
increased thyroid volume in women, but not in men (27), which
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adds the complexity to clinical use of Se. Determining the
optimal Se dosage and future research should take gender
into account.

An observational study on the relationship between Se and
Graves’ disease found that serum Se concentration in patients in
remission was higher than that in relapsed patients (28), while
serum Se concentration in newly diagnosed patients was lower
than that in the control group (25). There is a complex
relationship between Se concentration and Graves’
ophthalmopathy. The serum Se concentration of patients with
Graves’ ophthalmopathy is lower than that of healthy subjects
(29), which indicates that Se deficiency may be an independent
risk factor for this condition. However, in a separate study, no
significant association was found between Se level and the
severity or activity of Graves’ ophthalmopathy (30). A 2019
paper reported that Se deficiency increases the risk of
hyperthyroidism in both Graves’ disease and nodular goiter,
but Se supplementation does not affect TSH receptor
autoantibody levels and T cell proliferation (31).
Hyperthyroidism recovery was faster with appropriate Se
supplementation in combination with thyrotacazole treatment
than with thyrotacazole alone (32).

Some observational studies have shown a beneficial role of
selenide in autoimmune diseases of the thyroid and other
endocrine glands. This research may contribute to further
understanding the role of Se status in inflammation, allergic
reactions, and asthma (21). Se may influence the progression of
autoimmune thyroid diseases by affecting immune responses
(33). The pathogenesis of thyroid autoimmune diseases under
low Se conditions is unclear. Possible mechanisms include a
reduced cellular immune response, reduced production of
interferon y and other cytokines in Se deficiency, or an
overreaction of the immune system. The balance between
oxidation and antioxidant is an important feature of thyroid
autoimmunity (34). Se may suppress the overreacting immune
system activity or impair T lymphocytes immune function
through antioxidant mechanisms involved in the pathogenesis
of thyroid autoimmune diseases (22, 35, 36). In a series of animal
studies, Se supplementation reduced thyroiditis prevalence and
lymphocyte infiltration in the thyroid, affected the differentiation
of T-cells, and upregulated regulatory T cells. A low-Se diet
can enhance the development of autoantibodies against
thyroglobulin (Tg) and thyroid peroxidase (TPO) (37, 38).

Se supplementation can suppress the Thl-dependent
immune response, inhibiting the inflammatory response and
destructive injury to thyroid. Se supplementation reportedly
reduced serum thyroid peroxidase antibody (TPO-Ab) levels
in patients with autoimmune thyroiditis treated with LT4 at 3
months, 6 months, and 12 months, as well as in untreated
patients at 3 months. Not all studies are consistent, and different
results may be due to regional differences in Se and iodine intake
or to differences in inflammation severity and duration, study
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size, sample size, intervention duration, and the presence of
other micronutrients. Therefore, the relationship between Se
levels and autoimmune disease must be confirmed by large-
scale, prospective trials (39).

The relationship between Se an cancer has been studied in a
long time. Se supplementation may reduce the incidence of liver,
esophagus, pancreas, prostate, colon and breast cancers (40, 41).
Many data support the hypothesis that low levels of Se are
associated with an increased incidence of thyroid cancer,
especially PTC (42, 43). Se has a high concentration in thyroid
tissue and is used to synthesize selenoproteins. Selenoprotein
DIO catalyzes the conversion of T4 and T3, maintains steady-
state levels of T3. Through cooperating with selenoprotein GPX
and TXNRD, DIO also has antioxidant effects and protects
thyroid gland against ROS (44). Se can also play its anticancer
role by inducing death and apoptosis of cancer cells, producing
superoxide radicals and triggering mitochondrial apoptosis. The
anticancer effect of Se can selectively induce apoptosis of cancer
cells without causing significant damage to normal cells (45).
Therefore, the fluctuation of Se levels can affect the normal
physiological process of thyroid gland and promote the
development of pathological processes, including cancer.
While this relationship has been clinically confirmed, the
specific mechanism has not been clearly clarified (44, 46).
Many animal model studies and epidemiological and
interventional investigations have also shown that serum Se
concentrations are related to the occurrence, development, and
even metastasis of different types of cancer. Study limitations
included access to retrospective data, a relatively small patient
population, a short observation period, and the use of a single Se
concentration level measurement.

Iodine and Se interact in a variety of ways in thyroid
metabolism. Animal and human data have shown that Se
concentration and selenoprotein expression are related to
iodine intake (47). High iodine intake or exposure can reduce
Se concentration and selenoprotein expression in the thyroid,
while low iodine intake may be associated with increased levels
of thyroid Se, selenoprotein, and blood Se markers (25, 26, 48,
49). Excessive Se intake will aggravate the consequences of
iodine deficiency, while an appropriate Se supply can reduce
the adverse effects of excess iodine on the thyroid and prevent
thyroid inflammation, fibrosis, and destruction (21). The
mechanism of thyroid damage in areas with combined iodine
and Se deficiency is described as follows. GPX protects the
thyroid from excessive H202 and plays an important role in
the thyroid’s antioxidant defense. Iodine deficiency may
stimulate H202 production, and Se deficiency may cause GPX
activity to be insufficient to remove excess H202.

Se was first recognized as essential to health in 1957 (33).
Maintaining physiological Se equilibrium through a reasonable
diet or Se supplementation is required to prevent thyroid disease
and to maintain overall health (22). The relationship between
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severe Se deficiency and thyroid dysfunction was only formally
proposed in the 1990s, with an understanding of the link
between Se and thyroid metabolism and the suggestion that Se
supplementation might be useful in treating autoimmune
thyroid diseases (50). Some studies have found that the
increase of serum thyroglobulin antibody(TgAb) in patients
with PTC after surgery is related to tumor recurrence and
metastasis (51). Meanwhile, other studies have found that
TgAb levels in patients with thyroid carcinoma after surgery
can be controlled by oral Se yeast tablets (52). This can help
avoid the missed diagnosis of patients with tumor recurrence or
metastasis accompanied by low levels of Tg (caused by elevated
TgAb). However, Se supplementation should consider the
relatively narrow Se therapeutic dose range and the risks
associated with acute and chronic overdose, especially in
patients with type 2 diabetes (53). Adequate iodine levels
should be established before increasing Se intake (20, 54).

Iron

Iron (Ir) is essential to human health, as it participates in
oxidation-reduction reactions and plays a role in oxygen
transport in the body. The two initial steps in thyroid
hormone synthesis are catalyzed by TPO, a heme-dependent
protein. Ir deficiency adversely affects cognitive development,
immune function, and pregnancy (55). Severe Ir deficiency can
reduce TPO activity and interfere with thyroid hormone
synthesis (56). A large number of animal and human studies
have found that, with or without anemia, nutritional Ir
deficiency can affect thyroid metabolism, reduce plasma total
T4 and T3 levels, reduce peripheral T4-T3 conversion, and
increase TSH levels (57). A survey found that 23-25% of
school-aged children suffered from both goiter and Ir
deficiency anemia (58).

Studies indicate that thyroid dysfunction, including
hypothyroidism and hyperthyroidism, is associated with
hemoglobin levels. Hyperthyroidism is associated with Ir
deficiency anemia by altering Ir metabolism and utilization,
increasing oxidative stress, and increasing hemolysis, thereby
reducing the RBC survival rate (59, 60). One explanation for the
co-existence of hypothyroidism and Ir deficiency anemia is
that thyroid abnormalities and anemia share a common
cause. Chronic inflammatory disease, malnutrition, and
malabsorption can all lead to hypothyroidism, which is an
adaptive response to energy deficiency. In addition, poor
nutrition and malabsorption can lead to deficiencies in
micronutrients such as Ir, vitamin B12, and folic acid, which
are critical for red blood cell production, and iodine, which is
essential for normal thyroid function.

Ir deficiency can also reduce TPO activity, which is the most
common cause of thyroid dysfunction and anemia (61). Patients
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with hypothyroidism may experience Ir malabsorption. One
study found that in hypothyroidism patients with low
hemoglobin and low serum Ir levels, hemoglobin
concentration increased after T4 replacement therapy. This
increase was more significant when T4 was supplemented with
Ir, possibly due to acidosis. Ir deficiency anemia may lead to
changes in central nervous system, which may control the
thyroid axis and may influence thyroid hormone level (62, 63).
The link between hypothyroidism and anemia may be partly
biological. The reason is that hypothyroidism reduces the
need for oxygen transport and delivery to peripheral tissues
(57). In conclusion, the mechanism of Ir deficiency’s impact on
thyroid metabolism is not fully understood and requires
further study.

There are many studies on Ir concentration and
autoimmune diseases in pregnant and non-pregnant women.
The prevalence of isolated positive TPOAb in non-pregnant
women with iron-deficient is increasing. The more severe the Ir
deficiency, the higher the prevalence of isolated positive TPOADb
in pregnant women. However, Ir deficiency is not associated
with positive TgAb alone (64, 65), and the mechanism remains
unclear. Previous studies have shown that excess Ir can regulate
and exaggerate autoimmune processes, which can induce
reactive oxygen species production, oxidative stress, and lipid
peroxidation, leading to demyelination of certain autoimmune
diseases, such as autoimmune encephalomyelitis and multiple
sclerosis (66-68). However, one study found that excess Ir was
not associated with either positive TPOAb or TgAb, and further
prospective studies are needed for verification (65). Patients with
Hashimoto’s thyroiditis and subclinical hypothyroidism had
lower serum Ir concentration and higher prevalence of Ir
deficiency than healthy controls (69).

Ir homeostasis is essential to the biological processes of
normal cells. The disruption of Ir homeostasis can lead to a
variety of cell disorders, such as growth arrest. Excess Ir can
damage proteins, DNA, and other cellular components (70, 71).
Research on Ir and thyroid cancer is ongoing. Thyroid cancer
cells secrete hepcidin, which can lead to decreased expression of
Ferroportin (FPN) and increased intracellular Ir retention, thus
promoting cancer proliferation. Most research suggests that
there is a relationship between Ir and thyroid cancer, but the
specific mechanism is unclear (72, 73).

In school-age children with Ir deficiency, thyroid volume
was significantly reduced when Ir was supplemented with iodine
or included in a food nutrition program (58, 74). The high
prevalence of Ir deficiency in children in endemic goiter areas
may reduce the effectiveness of iodized salt programs (57).
Therefore, prevention of Ir deficiency anemia reduces Ir-
related diseases and improves responses to iodized salt.
Therefore, as for pregnant women and young children, further
research on the advantages of Ir and iodine simultaneous
supplementation is needed. New methods to further improve
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the stability and bioavailability of Ir and iodine in double-
fortified salt are needed.

Lithium

Todine is concentrated in the thyroid gland through sodium
iodide transporters. However, lithium’s mechanism of action on
the thyroid gland is unclear. It has been reported that human
administration of lithium (Li) can alter thyroid iodine uptake.
This may be because Li competes with iodine transportation,
which leads to a lower thyroid iodine uptake rate. Li can also
affect iodine kinetics, causing iodine retention, induce
hypothyroidism, and increase TSH secretion. Li has many
effects on cell physiology. Its main effect on thyroid function is
to induce hypothyroidism and goiter by inhibiting the release of
thyroid hormone (75). Thyroid volume and goiter enlargement
have been reported in patients treated with long-term lithium
compared to controls (76). It also affects deiodination and iodine
uptake (77).

Li effectively inhibits thyroid hormone release. It was first
used in 1976 as an adjunct therapy for hyperthyroidism treated
with radioactive iodine (78). Since then, more research has
found that Li inhibits the release of thyroid hormones in cases
of normal thyroid activity and hyperthyroidism (79). It can be
used in the adjuvant treatment of I-131 in hyperthyroid patients,
increasing the retention of radioactive iodine, effectively
reducing the medication activity of hyperthyroidism, and
reducing the increase in thyroid hormone concentration
observed after treatment with radioactive iodine. It can be
used in combination with thiamides for the adjuvant
treatment of severe hyperthyroidism.

Although a study demonstrates that Li can be used as an
adjuvant treatment for hyperthyroidism, some surveys have shown
that the incidence of lithium-related asymptomatic thyroiditis and
thyrotoxicosis is much higher than that of the general population
(80). An epidemiological study of Li concluded that long-term Li
intake was associated with an increase in thyrotoxicosis (80). This
may be because Li therapy reduces thyroid hormones and covers
the signs of hyperthyroidism, which occurs when the body adapts
to Li therapy. Li can also directly damage thyroid cells and release
Tg and thyroid hormones into circulation, making the thyroid
temporarily hyperactive.

Li is reportedly an adjuvant element in the radioactive iodine
treatment of metastatic well-differentiated thyroid cancer and
the ablation of postoperative residual tissue for low-risk thyroid
cancer (81-83). However, at present, there is no evidence that Li
has any beneficial effect on the control of the development of
differentiated thyroid cancer. Some studies have found that Li
has not a significant effect as an adjuvant drug (84).

It was first proposed that patients treated with Li would
develop a goiter, followed by hypothyroidism (85). However, the
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prevalence of Li-related hypothyroidism varies depending on the
study population, laboratory evaluations, and environmental
factors. Common clinical side effects of Li related drug are
reported in up to 40% of goiter cases and 20% of hypothyroid
cases. The incidence of complications varies greatly based on the
patient and analysis methods (80). Li inhibits thyroid hormone
production, leading to elevated TSH levels and increased risk of
goiter. Wnt/B-catenin signaling may play an important role in
Li-associated goiters (86). Li promotes [-catenin-mediated
thyroid cell proliferation (87) and can accelerate the
progression of existing thyroiditis, as evidenced by an increase
in circulating antibodies. On the contrary, some studies suggest
there is no increase in the prevalence of thyroiditis or thyroid
antibody levels in patients treated with Li (88, 89).

Li-related hypothyroidism may be associated with
autoimmunity, which may be due to inhibition of thyroid
hormone secretion by Li. Thyroid function should be monitored
long-term in the course of Li treatment. Some patients experience
subclinical hypothyroidism, which may develop within weeks,
months, or years of starting Li and may include atypical features
such as myxoedema (90). Meanwhile, some studies indicate that
iodine and Li have a synergistic effect on hypothyroidism (91, 92).
Dietary iodine concentration, the body’s innate iodine levels,
thyroid hormones, and their interactions with chronic Li
therapy can all influence hypothyroidism.

Copper

As an oxidation-reduction active element, copper (Co)
maintains thyroid activity and lipid metabolism. Co prevents T4
overabsorption and controls calcium levels. The relationship
between Co and thyroid function has been described in the
literature. Animal studies indicate that relatively high levels of
Co are associated with hypothyroidism while relatively low levels
are associated with hyperthyroidism (28, 93). With increased
serum Co levels, TSH level decreases monotonically (24). Some
studies have found that Co is positively correlated with thyroid
hormone and can stimulate thyroid hormone production (93). Co
reduction may increase oxidative stress in thyroid cells, resulting
in reduced thyroid hormone synthesis and decreased circulating
thyroid hormone levels. Conversely, thyroid hormones can also
affect blood Co concentration. Experimental studies in mice
suggest that thyroid hormones can regulate blood Co levels by
increasing Co output from the liver. T3 treatment revises the
expression of ceruloplasmin in mice, leading to an increase in
serum Co levels (94). A human study showed that radioactive
iodine treatment in patients with hyperthyroidism reduced
thyroid hormone levels and, subsequently, serum Co levels (95).

Very little is known about the relationships between Co and
thyroid autoimmune diseases. It has been reported that a high
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serum Co concentration is positively correlated with the
presence of thyroid autoantibodies (96). In another study, Co
levels have not been associated with thyroid autoimmune
inflammation and thyroid autoantibodies (97).

Co is thought to start angiogenesis in tumor cells (98).
High concentrations of Co can induce growth, proliferation,
and cancer through DNA damage by toxic hydroxyl radicals
(99). The Co concentration of healthy thyroid tissue is
significantly higher than that in the benign thyroid tissue
(100, 101), and some studies indicate that the serum Co level
in patients with benign thyroid disease after surgery is
significantly lower than before surgery. Co is associated with
thyroid cancer, and inhibition of MEK1/2 kinase activity by
Co chelating agents may be used in combination with other
MAPK pathway inhibitors to treat BRAF mutation-positive
cancers and cancers resistant to BRAFV600E and MEK1/2
inhibitors (102).

Zinc

Zinc (Zn) is essential for human health and plays a role in
gene expression, cell division and growth, and in a variety of
enzymes involved in immune and reproductive functioning. Zn
deficiency can affect the physical development of children and
increase the risk of several infections (103). There have been
many studies on Zn and thyroid hormone levels, and both
hypothyroidism and hyperthyroidism are reportedly associated
with low Zn concentrations (104). Low Zn levels are believed to
be associated with hypothyroidism and high Zn levels with
hyperthyroidism (105). One study found a significant positive
correlation between thyroid autoantibodies and Zn in thyroid
autoimmune patients (106). Zn can also affect thyroid volume.
The volume of thyroid was positively correlated with Zn
concentration (74, 107).

Serum Zn concentrations are significantly reduced in many
malignant tumors (108), including thyroid cancer. Zn levels in
PTC and follicular carcinoma are lower than that in healthy
individuals (108-110). Changes in trace elements in the serum
and thyroid tissues may be related to thyroid cancer
pathogenesis. Zn is essential for thyroid hormone metabolism
and has a potential relationship with cancer. Therefore, it is
critical to assess micronutrient deficiencies to optimize targeted
nutritional therapy for thyroid cancer patients.

Dietary Zn supplementation, initially used to restore immune
function, also improves thyroid function, such as reduced TSH
levels. Compared with the single application of Li, the application
of Li and Zn generates higher levels of T3 and T4, suggesting that
Zn has a regulatory effect on thyroid hormones. Therefore, Zn has
some potential protective effect to alleviate thyroid function
changes after Li supplementation (111).
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Manganese

The trace element manganese (Mn) is a co-factor of many
enzymes and has a variety of functions. Mn may interfere with
the binding, transport, and activity of thyroid hormones at the
tissue level (112, 113). Mn deficiency is rare in humans as we
generally maintain a stable tissue level of this trace element
(114). The effect of Mn on the thyroid is not well understood. A
study clarified that serum Mn levels are strongly correlated with
thyroid hormones, as a high Mn concentration reduces free T3
and free T4 levels, causing hypothyroidism (114, 115). Mn may
affect the thyroid hormone levels by regulating deiodinases,
which converts T4 to T3. The thyroids of female mice treated
with excessive amounts of Mn were enlarged (116). Children
with nontoxic goiter has a higher concentration of serum
manganese (117). The concentration of manganese in the
serum and thyroid tissues of patients with Hashimoto’s
thyroiditis is higher than in those with normal thyroid (118, 119)

Mn deficiency has an impact not only on thyroid hormone
metabolism, but also on other physiological processes such as
nervous system development (120). Dopamine is a regulator of
TSH secretion, and Mn destroys dopaminergic neurons by
influencing TSH and thyroid hormones, eventually leading to
neurodevelopmental defects (112). The increased incidence of
thyroid cancer has been associated with a number of
micronutrients, including Mn (121). The concentration of Mn in
thyroid tissue is increased in patients with thyroid cancer compared
with those with benign thyroid (122). The mutagenicity and
carcinogenicity of Mn may be related to oxidative stress (123).

Magnesium

Magnesium (Mg) plays a central role in thyroid disease. Mg is
related to the stabilization of the structure of nucleic acids and
seems also involved in DNA replication, transcription, and repair.
Therefore, any Mg deficiency can lead to the development of
tumors through DNA mutations (124). Serum Mg levels are
closely related to thyroid cancer, and malignant tumors usually
have higher Mg levels than normal tissues (125, 126). Meanwhile,
serum Mg levels in thyroid cancer patients are lower than in
healthy people (127). Mg may influence the development of
cancer through its association with inflammation and/or free
radicals, which may lead to DNA oxidative damage and cancer
formation. Mg-deficient animals show a higher sensitivity to
oxidative stress in vivo and their tissues are more susceptible to
peroxides in vitro (128). Also, experimental data indicate that
high doses of Mg can increase thyroid activity (129), an Mg
deficiency affects the bioavailability and tissue distribution of Se,
resulting in decreased Se levels (130).

Dietary Mg deficiency can affect thyroid activity. Thyroid
volume increased and total T4 level decreased in rats with Mg
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deficiency, with no significant changes in T3. Mg is essential for
thyroid utilization of iodine and the conversion of inactive T4 into
active T3 (131). These data support Mg’s association with
thyroid function.

Cadmium

Cadmium (Cd) is listed as one of 126 priority pollutants and a
kind of carcinogen. There are insufficient studies on its effects on
the thyroid, but it has been reported that chronic Cd poisoning is
common in cases of colloid cystic goiter, adenomatous follicular
hyperplasia with low dysplasia and reduced Tg secretion, and
diffuse nodular hyperplasia and hypertrophy of parafollicular cells
(132-134).

Chronic Cd exposure reportedly affects thyroid structure and
function, damaging follicular cells and parafollicular cells, and Cd
accumulation in the thyroid gland is associated with abnormal
thyroid hormone levels and thyroid lesions. Higher levels of Cd
exposure can increase TSH, possibly because Cd regulates the
production and secretion of thyroid hormones, which can
decrease T4 levels. Cd affects thyroid hormone metabolism,
including the central and peripheral nervous system.

Cd exposure causes changes in circulating thyroid hormone
or TSH levels due to the hypothalamic-pituitary-thyroid axis or
the interruption of thyroid hormone transport and peripheral
metabolic inactivation (135, 136). Cd may increase the risk of
goiter at certain concentrations, which can affect the volume of
thyroid gland (121). Blood Cd levels were positively correlated
with female TgAb (137). Cd and its compounds are recognized
as carcinogens, although the role of Cd as a human thyroid
carcinogen remains unclear, research indicates that the Cd in
thyroid tissues of patients with advanced thyroid cancer is
higher. The accumulation of Cd in thyroid tissues may lead to
the progression and aggravation of thyroid cancer in Korean
women (138-140).

Molybdenum

Many studies have found that molybdenum (Mo) is related to
thyroid metabolism. In males, Mo level is positively correlated
with the TSH level. Mo can interact with thyroid hormone
receptors to affect thyroid hormone levels (141), and Mo
treatment can cause histological changes to the thyroid follicular
cells in rats (139), which suggests that Mo can alter thyroid
hormone levels. There are few studies on Mo and thyroid
volume. Iodine deficiency may be accompanied by Mo
deficiency, and some patients with endemic goiter should be
supplemented with trace elements including Mo on the basis of
iodine supportive therapy (142). An increase in dietary Mo may
accelerate or promote cell transformation, thus acting as a tumor
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promoter, but not a carcinogen (141). Chronic exposure to certain
levels of boron, Cd and Mo in rats with hypothyroidism has been
accelerated malignant transformation of thyroid cells. There may
be some association between Mo and thyroid cancer (137).

Other trace elements

The incidence of thyroid disease has dramatically increased
over the last few decades. Although the etiology of thyroid
disease is not fully understood, the role of trace element
deficiency or excess is being recognized. In addition to the
above mentioned, the role of human thyroid metabolism and
function also requires other trace elements, such as arsenic (As),
plumbum (Pb), and mercury (Hg). The As and Pb concentration
in the thyroid tissue of Hashimoto’s thyroiditis patients was
significantly increased (143), and the concentration of As and Pb
in maternal urine was negatively correlated with FT3 and FT3/
FT4 levels in the mother. This concentration also affects neonatal
thyroid hormone levels (144, 145). It has also been suggested
that higher levels of lead exposure may be positively correlated
with total T3 (both male and female) and total T4 (female)
concentrations (146). A higher level of Pb in the blood of
teenagers with nontoxic goiter in comparison with healthy
adolescents was found in a study (117).

TABLE 1 Effect of trace elements on thyroid diseases.

10.3389/fendo.2022.904889

Although epidemiological investigations indicate that As is a
human carcinogen, its mechanism of action (147) and the
relationship between As and thyroid cancer is not fully
understood. As can inhibit thyroid homeostasis directly and alter
the expression of related genes (148). Furthermore, it has been
speculated that As disrupts Se’s anticancer activity (122). As The
accumulation of Pb in the thyroid gland leads to the destruction of
the follicular cell structure and thyroid dysfunction (149). Hg is
associated with a decrease in T3 and T4 levels, while some surveys
show no correlation with TSH levels. However, serum TSH
concentration may be higher in people exposed to Hg (150, 151).
Hg exposure is associated with positive cell autoimmunity and is
positively correlated with TgAb and TPOAD (152). Hg may also be
a potential thyroid carcinogen. Long-term follow-up of thyroid
conditions in exposed populations is recommended to further
study the effects of occupational Hg exposure on the thyroid.

Conclusion

Various trace elements are important to thyroid metabolism
and function, and correlate with thyroid autoimmunity and
tumors (Table 1). For example, there is strong evidence that Ir
and iodine are closely related to thyroid metabolism and that
serum Se, Zn, and Co impact thyroid hormone levels. Evidence

Trace elements  Thyroid volume  Thyroid Autoimmune Thyroid Types of evidence Corresponding
function thyroiditis carcinoma references

I High intake - 11 + + 123 (3-6, 9, 10, 13-18)

Low intake + 14 - +/-

Se High intake - T - 1,2,3 (20, 22, 26, 27, 35-38, 42,

Low intake + | + + 43)

Ir High intake + 11 + + 12,3 (59, 60, 62-65, 72-74)

Low intake - X + -

Li High intake + 1 + - 1,2,3 (75, 76, 79-83, 85, 88-92)

Low intake - 7 +

Co High intake + 17l + + 1,2 (93-97, 99, 102)

Low intake - 1 -

Zn High intake + 171 + - 1,2 (74, 104-111)

Low intake - 1 +

Mn High intake + 1 + + 12 (114-119, 121-123)

Low intake - X -

Mg High intake + 1 —_ + 1,2 (125-131)

Low intake - 15 _ +

Cd High intake + ! + + 12 (121, 132-140)

Low intake - 1 -

Mo High intake - ! — + 1,2 (137, 139, 141, 142)

Low intake + 1 _ -

As High intake — l + — 1 (122, 143-145, 147, 148)

Low intake —_ 1 —_

Pb High intake + n + + 1 (117, 143-146, 149)

Low intake - 171 - -

Hg High intake —_ | + + 1,2 (150-152)

Low intake —_ 1 -

1 : Hyperthyroidism, | : Hypothyroidism, + : Promotion, - : Inhibition, —— : Not Clear, Type of evidence: 1: population studies, 2: animal studies, 3: intervention trial.
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also suggests that Zn, Co and Cd may interact with one another,
trace element abnormalities may impair thyroid iodine uptake.
Preventing trace element deficiency may not only reduce the
diseases associated with that trace elements but also improve the
effectiveness of other trace elements. The prevalence of trace
elements deficiencies may reduce the effectiveness of ongoing
public health programs due to trace element interactions.
Meanwhile, further research is warranted for thyroid-related
trace elements, which in order to provide better clinical
diagnosis and treatment strategies of thyroid disease in future.
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