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Abstract: Thyroid cancer is the most common thyroid malignant tumor, and its incidence rate is on the rise in most countries.
Iodine is an essential trace element for the synthesis of thyroid hormones in the human body. Long term excessive iodine can
induce thyroid diseases such as hyperthyroidism and thyroid nodules, but its relationship with the occurrence of thyroid cancer is
uncertain. There may be regional differences and some confusing or interfering factors, due to the influence of iodine intake
and dietary habits on the final iodine nutritional status of the human body, and the influence of water iodine content on the
iodine nutritional status of the human body. In recent years, researchers have revealed the relationship between iodine excess
and thyroid cancer through ecological studies of regional water iodine distribution, dietary iodine and thyroid cancer, but the
results are controversial. In the epidemiological studies on the correlation between urinary iodine concentration and thyroid
cancer in residents, there is no conclusion on the correlation between urinary iodine concentration and iodine level of thyroid
cancer patients and whether MUI can truly reflect the iodine nutrition level of thyroid cancer patients. This article reviews the
research progress and controversies on the relationship between iodine excess and thyroid cancer, and comments on the possible
reasons for the controversies, providing reference for future research.
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attention to the relationship between iodine, which is closely
related to thyroid hormone metabolism, and the occurrence
of thyroid cancer.

Iodine mainly comes from seawater and can be dispersed
through the air in a gaseous or foggy form to crops near land
and sea areas. The human body mainly obtains physiological
iodine requirements through drinking water and food
(including iodine fortified foods). About 99% of the iodine in
the body is excreted from the body through urine, so urine
iodine levels can effectively reflect the iodine nutritional
status of the population. The World Health Organization
(WHO) recommends the use of median urinary iodine (MUI)
to reflect the iodine nutritional status of the population, and
has issued evaluation standards for iodine nutritional status of
various populations [5]. Iodine is an essential trace element
for the synthesis of thyroid hormones in the human body.
Adequate iodine intake is beneficial for maintaining the
homeostasis of the human body's internal environment.

1. Introduction

Thyroid cancer is the most common malignant tumor of
the thyroid gland, with the vast majority originating from
thyroid follicular epithelial cells. Thyroid carcinoma of
follicular cell origin is further divided into papillary thyroid
carcinoma (PTC), follicular thyroid carcinoma (FTC),
Hurthle cell carcinoma (HCC), poorly differentiated thyroid
carcinoma (PDTC) and anaplastic thyroid carcinoma (ATC),
among which PTC accounts for about 90% of the total
number of thyroid cancers [1, 2]. According to statistics,
from 1990 to 2017, global thyroid cancer events increased by
169%, and the standardized incidence rate showed an upward
trend throughout the entire time period [3]. There are
research reports that factors such as environment and
nutrition play an important role in the occurrence of thyroid
cancer [4]. In recent years, researchers have begun to pay
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However, long-term iodine excess or iodine deficiency can
lead to various thyroid diseases [6]. Some studies have
reported that excessive iodine is associated with the
occurrence of thyroid cancer, but the relationship between the
two is still controversial [7-9]. This article reviews the
research progress and controversies on the relationship
between iodine excess and thyroid cancer, explores the
possible reasons for the controversies, and provides a
reference basis for subsequent research.

2. Ecological Research on Water Iodine
Distribution, High Iodine Diet, and
Thyroid Cancer Occurrence

The iodine required by the human body is mainly obtained
from drinking water and food. Researchers have attempted to
reveal the relationship between excessive iodine and the
occurrence of thyroid cancer from an ecological perspective,
but the conclusion is controversial. For example, sea fish and
shellfish are iodine rich foods, and some studies have pointed
out that these iodine rich foods are risk factors for thyroid
cancer [10, 11]. On the contrary, large-scale prospective
studies conducted in iodine suitable European populations
have shown that long-term consumption of marine fish or
shellfish is not associated with changes in thyroid cancer risk
[12]. Some reports even suggest that sea fish and shellfish
can reduce the risk of thyroid cancer and play a protective
role [6, 13, 14]. A retrospective study on the relationship
between iodine and thyroid diseases indicated that there is a
correlation between water induced high iodine and the high
incidence of thyroid cancer [15]; However, a 10-year
retrospective study based on the relationship between water
iodine and thyroid cancer in different regions suggests that
the increase in thyroid cancer incidence may be due to
advances in diagnostic technology and improved living
standards, rather than the role of water iodine [16].

The results of ecological research should be interpreted
with caution. Firstly, some researchers overlooked the impact
of changes in iodine intake patterns, lifestyle habits, and
other factors on the final iodine nutritional status of the
human body when exploring the iodine nutritional status of
people in high iodine areas. Iceland is a region with a high
incidence of thyroid cancer in northern Europe. The residents
of the island have a traditional habit of consuming fish with
high iodine content. Theoretically, iodine nutrition should be
in an adequate state. However, a recent report on iodine
nutrition assessment of the Icelandic population pointed out
that residents, especially pregnant women, have already
suffered from iodine deficiency [17]. In fact, the dietary
habits of the younger generation in Iceland are no longer
significantly different from those of other Nordic populations,
and even young women and adolescents on the island receive
less than two-thirds of the WHO recommended iodine levels
from their food [18]. Daishan County, under the jurisdiction
of Zhoushan City, Zhejiang Province, belongs to the coastal
area, where sea salt is abundant and residents like to eat

seafood. However, the population urinary iodine monitoring
results show that the iodine nutrition level of permanent
residents in Daishan County is lower than that of surrounding
counties and cities, and children and women of childbearing
age are in iodine deficiency state [19]. Therefore, the impact
of factors such as the intake of iodine and changes in dietary
habits on the final iodine nutritional status of the human body
cannot be ignored. Secondly, there is controversy over the
correlation between water iodine and the iodine nutritional
status of the population in various regions. According to the
report of the third national iodine deficiency Disorders
survey in Sri Lanka, the average water iodine in the country
was only 7 ug/L, but the residents' MUI was as high as 457
pg/L [20]. A survey on the iodine nutritional status of
pregnant women in different iodine rich areas in Tianjin
(water iodine levels of 150-300 and>300 pg/L) showed a
correlation between the iodine content in drinking water and
the urine iodine of pregnant women, and with the increase of
water iodine content, the impact of drinking water iodine
intake on the iodine nutritional status of pregnant women is
gradually increasing [21]. A survey conducted by Zhang
Xiangdong et al. in areas with different water iodine levels in
Shanxi Province pointed out that only when water
iodine>100 ng/L can it significantly affect the iodine
nutrition level of residents [22]. Therefore, there may be
regional differences in the impact of water iodine content on
human iodine nutritional status. Once again, there are various
ways for the human body to obtain water and food, and
researchers cannot control the confusion or interference of
certain suspicious or unknown risk factors with the target
factors. The above may be the main reason for the
controversy surrounding the relationship between iodine and
thyroid cancer based on ecological research.

3. Epidemiological Studies Based on
Urinary lodine

Several reports have indicated that urinary iodine in
patients with thyroid cancer, especially PTC, is at a high
level, and increased urinary iodine may be a risk factor for
the occurrence of PTC [23-26]. Teng et al. [15] found that
from 1999 to 2004, no thyroid cancer occurred in Panshan
County of Tianjin (MUI was 97 pg/L) and Zhangwu County
of Liaoning Province (MUI was 375 ng/L), while 13 cases of
PTC occurred in Huanghua City of Hebei Province (MUI
was 615 pg/L) during the same period. In contrast, data from
the National Health and Nutrition Examination Survey
(NHMC) showed that thyroid cancer continued to increase at
an annualized rate of 6.6 percent from 1988 to 2010 in the
United States, all of whom were in iodine adequacy [27].
Since 2000, the prevalence of thyroid cancer has increased
dramatically among Shanghai residents, with an annualized
rate of 14.4% [28]. However, the iodine nutrition survey of
Shanghai residents showed that from 2002 to 2014, all
residents in Shanghai were in an appropriate state of iodine
[29]. Huang et al. [30] found that high urinary iodine was a
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risk factor for PTC, and changes in its concentration were
significantly related to PTC invasion and migration. On the
contrary, a meta-analysis of the association between urinary
iodine and thyroid cancer suggested that high urinary iodine
may be a clinical feature of patients with thyroid cancer and
is not related to iodine intake in the resident population [31].
Therefore, there is still controversy about the relationship
between urinary iodine and the occurrence of thyroid cancer,
and urinary iodine may not be an independent risk factor for
the development of thyroid cancer. In addition to the role of
iodine, the influence of other factors such as environmental
pollution, biological clock imbalance, and increased body fat
on the occurrence of thyroid cancer should be
comprehensively considered.

Thyroid nodules are a common clinical symptom before
the occurrence of thyroid cancer, and 3%-17% of thyroid
nodules are malignant, which is a risk factor for the
occurrence of thyroid cancer [32, 33]. There is a U-shaped
relationship between urinary iodine and the prevalence of
thyroid nodules [34], with low or too high iodine leading to
the development of thyroid nodules [35-37]. For example,
Kim et al. [38] found that the prevalence of thyroid cancer
and the level of MUI in the range of <300 pg/L and >2500
pg/L) were significantly higher than those of thyroid nodules.
The authors suggest that iodine excess may be related to the
high incidence of thyroid cancer.

It is worth considering whether MUI can truly reflect the
iodine nutrition level of thyroid cancer patients. 70%-80% of
human iodine is stored in thyroid cells, and iodine in blood is
mainly transported to thyroid cells through the sodium iodide
symporter (NIS) on thyroid basement membrane cells against
the concentration gradient. Therefore, NIS is also referred to
as the "portal" to regulate the iodine concentration inside and
outside thyroid cells [39]. Thyroid stimulating hormone
(TSH) is a key regulator of NIS expression, which can
up-regulate NIS transcription through cyclic adenosine
phosphate (cAMP), thereby enhancing iodide uptake by the
thyroid [40]. Most studies have shown that thyroid cancer
tissues have low levels of NIS protein expression compared
with normal tissues [41-43]. Mechanistic studies have shown
that mutated murine sarcoma virus oncogene homolog Bl
(BRAF) protein in thyroid cancer cells can inhibit NIS
protein expression through the mitogen-activated protein
kinase (MAPK) pathway [44]. Theoretically, when the
expression of NIS gene or protein is suppressed, it will affect
the iodine uptake capacity of the thyroid gland to a certain
extent. However, the correlation between urine iodine
concentration and iodine levels in the thyroid gland has not
been clearly described in many studies.

4. Studies Based on the Molecular
Characteristics of Thyroid Cancer

4.1. Iodine Overdose, BRAF Gene Mutation and the
Occurrence of Thyroid Cancer

In the evolution of human thyroid cancer, gene mutation

plays an important role. The most common one is the
substitution of thymine and adenine at 1799 position of
BRAF gene, which causes valine at position 600 to be
replaced by glutamic acid, and the post-translational mutated
BRAFV600E protein is highly expressed [45]. According to
statistics [46, 47], BRAF gene mutations account for
30%-40% of all PTC, of which 71% are V600E replacement
mutations. BRAFV600E protein can cause the activation of
serine/threonine kinases in the body structure, leading to
constitutive activation of downstream kinases of the MAPK
pathway, which plays an important role in the occurrence of
thyroid cancer, especially PTC, leading to changes in
downstream gene expression and abnormal proliferation of
cancer cells. Animal and cellular experiments have also
shown [48, 49] that high BRAFV600E expression alone can
cause a malignant appearance of the thyroid gland in the
absence of any mutagen, with a preference for papillary
pathological features.

For the controversial factor of iodine excess, researchers
have also tried to reveal the relationship between iodine
excess and PTC by changing the BRAFV600E mutation rate.
Studies have found [50] that the BRAFV600E mutation rate
of PTC in the population in iodine excess areas is
significantly higher than that in iodine adequate areas, and
high iodine exposure may be the driving factor for changing
the BRAF gene into an active state. However, some recent
studies [51, 52] have shown that BRAFV600E mutation rate
of PTC in both iodine excess and iodine deficiency areas has
no significant change compared with iodine adequate areas,
and BRAFV600E is more like the clinical manifestation of
PTC. Although in theory, the long-term continuous
stimulation of mutagens will amplify this accumulation effect
of thyroid follicular cells and eventually induce gene
mutations. However, animal studies have shown that only
thyroid adenoma occurs in rats fed with high-iodine diet
alone at the end of the experiment, and even when
co-exposed with carcinogen diisopropanol nitrosamine, the
rat thyroid does not show a malignant phenotype, indicating
that high-iodine alone may not be the initiating factor
inducing thyroid cancer [53].

Under normal circumstances, thyroid follicular epithelial
cells grow very slowly, which makes it able to withstand
the invasion of various adverse factors from the outside
world, and at the same time, they will accumulate the
consequences of these damage. High iodine can mediate the
apoptosis of thyroid cancer cells by increasing the activities
of extracellular signal-regulated kinase 1/2 (ERK1/2) and
mission-activated protein kinase 1/2 (JNK1/2) in MAPK
and nuclear factor-xb (NF-xB) pathways [54]. In addition, it
has been reported that when high iodine induces apoptosis
in BRAF-mutated papillary human thyroid cancer cells
(BCPAP), BRAF can protect against apoptosis by
increasing the level of autophagosomes in BCPAP cells. At
the same time, high iodine can also promote the expression
of BRAF gene, activate the MAPK pathway, and
up-regulate the level of BRAF kinase, thereby promoting
the proliferation and migration of BCPAP cells [55]. In
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conclusion, whether high iodine can induce BRAF gene
mutation needs further study.

4.2. Iodine Excess, TSH, and the Development of Thyroid
Cancer

Under the condition of iodine deficiency, the low level of
thyroid hormone promotes the synthesis and secretion of
TSH by the pituitary gland through negative feedback
regulation. It should be noted that long-term high iodine
intake can also lead to an increase in the body's TSH level.
Data from the National Health and Nutrition Examination
Survey of Korea [56] showed that TSH levels of residents in
iodine excess areas were significantly increased. Animal
experiments have also shown that there is a time and
measurement effect relationship between serum TSH level
and iodine intake in rats [57].

In physiological state, TSH binds to thyroid stimulating
hormone receptor (TSHR) on thyroid cell membrane and
activates it. Through coupling signaling pathways, it
promotes the expression of downstream effector genes,
thereby controlling the proliferation and differentiation of
thyroid cells and the secretion and release of thyroid
hormones. Clinical cohort studies and meta-analyses have
shown that the serum TSH level of patients with thyroid
cancer is mostly within the physiological range, but beyond
the quartile of the median, the TSH level of patients with
thyroid nodules is positively correlated with the prevalence
of thyroid cancer [58-61]. However, the association
between serum TSH Ilevels and thyroid cancer is
controversial. A clinical cohort study showed that serum
TSH level was not associated with the rate of thyroid
nodule deterioration and was not a risk factor for thyroid
cancer [62]. In addition, retrospective studies based on data
from the Israeli National Cancer Registry have shown an
inverse relationship between elevated serum TSH levels and
the prevalence of thyroid cancer when within the
physiological range [63].

Relevant animal and cell experiments provide some
information about this controversy. Franco et al. [64] found
that the serum TSH level of BRAFV600E/TPO-Cre mice
established by gene knock-in technology was significantly
higher than that of wild-type mice, and all of them
developed highly aggressive PTC at the 5th week of birth.
Shimamura et al. [65] found that BRAFV600E/TPO-Cre
mice did not develop thyroid cancer when serum TSH
levels were within the physiological range, while BrafCA/+
mice with higher thyroid cancer transformation rates all
showed a malignant phenotype after 1 year. During the
study of TSH/TSHR signaling pathway, Wu et al. [66]
found that appropriate concentrations of TSH promoted the
proliferation of thyroid cancer cells by activating TSHR,
while high concentrations of TSH had an inactivating effect
on these cells. Therefore, there are two possibilities of
TSH/TSHR signaling in the process of thyroid cancer: (1)
TSHR is not the initiator of thyroid cancer, but an important
factor in promoting thyroid cancer: a large number of
clinical cohort studies have shown that TSHR promotes the

occurrence and development of thyroid cancer [67-69]; (2)
The activation of TSHR is not only dependent on the
binding mode of the ligand receptor of TSH: researchers
have found in patients with thyroid cancer that TSHR with
germline or tumor-specific mutations can self-activate and
start downstream cascades to promote the proliferation of
cancer cells [70].

Over the past few decades, the incidence of thyroid
cancer has continued to increase in most countries,
especially after the implementation of the strategy of
iodized salt to correct iodine deficiency [71], but the role of
iodine intake in the development of thyroid cancer remains
uncertain. The greatest challenge is the lack of biomarkers
that can accurately reflect individual iodine nutritional
status over a long period of time. A large number of studies
have reported that long-term high iodine intake can cause
an increase in serum TSH levels in humans [15, 56]. At the
same time, it has been widely reported that the activation of
TSH/TSHR signaling cascade promotes the occurrence and
development of thyroid cancer [70]. This makes serum TSH
level potential in studying the association between iodine
excess and thyroid cancer. However, the self-activation of
TSHR expressed by thyroid cancer cells may affect the
judgment of the association between TSH and thyroid
cancer. Therefore, when exploring the relationship between
iodine excess and thyroid cancer, researchers should bring
both TSH and TSHR into the research system at the same
time. In conclusion, the relationship between iodine excess
and thyroid cancer may be as follows: (1) Iodine excess
may not be the mutagenic factor of thyroid cancer gene
mutation; (2) Iodine excess plays both an inhibitory and a
promoting role in BRAF-induced PTC development; (3)
Iodine excess can increase the secretion level of TSH in
human body, and the promotion effect of TSH on
BRAF-induced PTC is affected by the activation status of
TSHR. In conclusion, at present, the research on the
relationship and mechanism between iodine excess and
TSH/TSHR signaling in the development of thyroid cancer
is limited, and researchers need to conduct extensive and
in-depth exploration.
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