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Significance of the Study

cidence of nodular goiter and thyroid cancer today.

o Inrecent years, there has been an increased incidence of thyroid nodules and thyroid cancer.
o Metabolic syndrome and insulin resistance are among the important factors causing the increased in-
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Abstract

There is an increased incidence of thyroid nodules and can-
cer. In this article, the reasons for this increase are evaluated
and discussed. The factors causing increases in the incidence
of nodules are the same as those causing increases in thyroid
cancer. There are publications from all over the world re-
garding the rising incidence of thyroid cancer; it is especially
associated with papillary cancer. The literature was reviewed
and evaluated with regard to this significant phenomenon.
Thyroid-stimulating hormone (TSH) is the main mitotic fac-
tor. Any agent that elevates TSH will stimulate nodule forma-
tion. Therefore, the incidence of thyroid nodules is high in
endemic goiter regions due to iodine deficiency. This paper
has described many of the factors causing this higher inci-
dence. Of note, metabolic syndrome and insulin resistance
are important factors associated with the increased inci-
dence of nodular goiter and papillary thyroid cancer today.
However, these data must be confirmed by other studies in

Introduction

Normal thyroid follicles (thyrocytes) are formed from
single-row epithelial cells. One thyrocyte may have a robust
ability in hormone synthesis and secretion, while another
in the same follicle may display very low levels of hormone
synthesis and secretion. In the same follicle, one thyrocyte
may have excessive iodine retention, whereas it may be very
low in another. In addition, while a thyrocyte may show an
excessive mitotic response to proliferative stimuli, a neigh-
boring thyrocyte in the same follicle may have very low mi-
totic characteristics [1]. Thus, there is considerable hetero-
geneity between thyrocytes in the same follicle.

These variations cause differences in the hyperplastic
nodules originating from these cells. If there is high so-
dium/iodine symporter activity in a thyrocyte with an ex-
cessive response to mitotic stimulation, a nodule origi-
nating from this will be characterized scintigraphically as
anormoactive or hyperactive nodule. On the other hand,
if mitotic activity is low in a nodule with high sodium/
iodine symporter activity, the resulting nodule will be a
scintigraphically cold nodule due to low iodine retention,
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Thyroid-stimulating hormone (TSH) is the main mi-
totic factor. Iodine deficiency is the leading cause of in-
creases in TSH. Thus, the incidence of nodules is high in
regions with endemic goiter due to iodine deficiency. Se-
lenium deficiency also causes goiter and nodular goiter,
albeit via a different pathway. Some chemicals (e.g., ni-
trate and perchlorate) can cause goiter by affecting iodine
uptake or hormone synthesis.

Physical examination is important for the diagnosis of
thyroid nodules. Nodules 1 cm in size or greater can be
detected by careful thyroid palpation only if they are situ-
ated in an anterior location. This examination can deter-
mine the location, rough dimensions, and consistency of
a nodule. The likelihood that the thyroid nodule is can-
cerous increases in the presence of pathologic lymphade-
nopathy. The nodule detection rate by palpation decreas-
es for individuals with short necks and obese people. Fur-
thermore, it is not possible to detect nodules located in
the back of the thyroid.

Ultrasound is the most common initial radiological
approach used to detect and characterize thyroid nodules
[2-4]. Thyroid nodules may be incidentally detected on
examination by computed tomography (CT), magnetic
resonance imaging, and positron emission tomography.
Scintigraphy is not a routine laboratory method for eval-
uating nodules. However, if TSH is at the lower limit or
is suppressed further in an individual with nodular goiter,
scintigraphy is used to assess whether the nodule is func-
tioning autonomously.

There is an increased incidence of thyroid nodules de-
spite the use of iodine prophylaxis in many countries [2].
One of the leading causes of nodule detection is the in-
creased use and sensitivity of radiological imaging. Ultra-
sound can currently detect nodules as small as 1-2 mm,
causing the incidence of nodules to increase to 60,000
70,000 per 100,000 adults in a population. This number
was below 10,000 when palpation and scintigraphy were
the only methods used for nodule evaluation. However, it
is unlikely that the increase in nodules is only associated
with the development of improved radiological imaging.
Many studies have found that the incidence of nodular
goiter is increased even when this factor is eliminated.
The cancer rate of nodular goiter is around 5%. The rate
does not differ between single nodules and multinodular
goiter [2, 3].

The factors contributing to increases in nodules are
the same as those contributing to increases in thyroid
cancer. These increases are especially associated with
papillary thyroid cancer, and partially associated with the
use of ultrasound and fine-needle aspiration biopsy.
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However, when these factors are statistically eliminated,

there is still a clear increase in papillary thyroid cancer.
Thus, the causes of the increased incidence of thyroid

nodules and thyroid cancer are still not understood.

Radiation

Radiation directed at the thyroid in individuals under
the age of 20 years increases the incidence of nodular goi-
ter in early years, and then increases the incidence of pap-
illary cancer in later years. Thyroid irradiation may be
caused by radiography performed at young ages on CT
examinations and administration of radioactive iodine.
The increasing overuse of imaging in medicine is one of
the important factors believed to affect the growing epi-
demic of thyroid nodules and papillary thyroid cancer [5].

The most striking example of radiation exposure is the
accident at the Chernobyl nuclear reactor in 1986. The
incidence of nodular goiter increased among children
and adolescents during the first 2-4 years after the acci-
dent, while that of papillary cancer increased after 4 years
[2, 4]. Chernobyl was the first example of ingested and
inhaled radioiodine resulting in radiation-induced thy-
roid tumorigenesis.

lodine

Several studies have shown that rates of goiter, nodular
goiter, and papillary thyroid cancer are higher in iodine-
insufficient areas than in those that have sufficient iodine
[6, 7]. Iodine deficiency has been shown to lead to these
conditions by increasing TSH levels. However, when goi-
ter prophylaxis is performed with high doses of iodine in
iodine-insufficient areas, it can sometimes cause iodine
excess, which also causes an increase in papillary thyroid
cancer. Areas with primary iodine excess, such as Japan
and Hawaii, have been shown to have a high incidence of
papillary thyroid cancer [2].

Environment

Today’s environment exposes the public to many
harmful chemicals. These chemicals can come from the
water, air, or food, including many ready-made food
products. The public is most commonly exposed to ni-
trates. As nitrates are used for many agricultural purpos-
es, they may leach into drinking water, exposing the pub-
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lic to nitrates. Nitrates can also be found in industrial nu-
tritional products. In addition, the public is also exposed
to chemicals such as benzene, formaldehyde, pesticides,
bisphenol A, polychlorinated biphenyl, polyhalogenated
aromatic hydrocarbons, and polybrominated diphenyl
ether. These chemicals have been shown to cause goiter
and nodular goiter, and some may also cause papillary
thyroid cancer due to their genetic properties [2].

Mutations

Many mutations can lead to nodular goiter and papil-
lary thyroid cancer. About 4-6% of patients with nodular
goiter have a RAS mutation, and about 74-87% of those
with a RAS mutation have benign or malignant neoplasia.
The RAS mutation has a positive predictive value of 78%
and a negative predictive value of 64%. Mutations in
PAX8/PPARy, RET/PTC, BRAF, and RAS have been re-
ported in papillary thyroid cancer, which is the most
common thyroid cancer. BRAF and TERT promoter mu-
tations have also been reported to cause clinical differ-
ences in thyroid-differentiated cancers. Mitotic cycle-
weighted mutations have been also mentioned in more
aggressive papillary thyroid cancer types. Mutations in
SPOP (4/38), ZNF148 (6/38), and EZH]1 (3/38) have been
reported in benign nodules. However, despite differences
in various studies, the mutation detection rate in nodular
goiter is less than 10% [8-10].

Insulin Resistance, Metabolic Syndrome, and Their
Association with Thyroid Nodule

Some of the most important causes of goiter, nodular
goiter, and papillary thyroid cancer are metabolic syn-
drome and insulin resistance. Several recent studies have
focused on the relationships between metabolic syn-
drome, thyroid growth in insulin resistance, increases in
the thyroid nodule rate, and increases in the papillary thy-
roid cancer rate [11-20]. The Homeostasis Model Assess-
ment of Insulin Resistance (HOMA-IR) has been shown
to be positively associated with thyroid volume and the
presence of a nodule [9]. Indeed, there is a positive rela-
tionship between all of the components of metabolic syn-
drome and the frequency of nodular goiter. However, the
closest association is that of insulin resistance with thy-
roid nodule and papillary thyroid cancer.

The same association is seen in obesity, albeit indepen-
dently of insulin resistance. A hazard ratio of 1.53 has

Factors Contributing to Thyroid Nodules
and Cancer

been reported in terms of papillary thyroid cancer in
obese males and females (BMI >30 kg/m?). A meta-anal-
ysis of 21 studies revealed that the incidence of papillary
cancer increases while that of medullary cancer decreases
among obese individuals. Another meta-analysis showed
that an increase of 5 kg/m? in BMI is associated with a
significant increase in papillary thyroid cancer risk (rela-
tive risk = 1.33) [21]. Obesity has been shown to promote
the progression of thyroid cancer. The molecular mecha-
nisms by which obesity increases thyroid cancer risk and
facilitates cancer progression are not completely under-
stood [22].

Below, we discuss the different pathways regarding the
pathogenesis of metabolic syndrome-insulin resistance
with thyroid hyperplasia, thyroid nodule, and cancer.
Chronic inflammation in obesity, metabolic syndrome,
and insulin resistance is a risk factor for many types of
cancer. In obesity, the release of proinflammatory factors
from adipose tissue increases, while the release of adipo-
kines decreases. Proinflammatory factors act as signal
mediators of peritumoral tissue in tumor growth and
progression. As the adipose tissue increases, leptin syn-
thesis increases, and the chronic inflammation in en-
larged adipose tissue augments the secretion of the cyto-
kines IL-6 and TNF, which contribute to cancer develop-
ment, growth, progression, and metastasis [23]. Aberrant
expression of leptin and/or its receptor has been found in
a variety of malignancies including thyroid carcinoma
(24, 25]. In vitro studies have shown that leptin modulates
the growth, proliferation, and invasion of thyroid carci-
noma cell lines via activation of various signaling path-
ways such as Janus kinase/signal transducer and activator
of transcription, phosphoinositide 3-kinase/protein ki-
nase B/Akt, and/or mitogen-activated protein kinase
(MAPK) [24, 25].

Thyroid-Stimulating Hormone

TSH is a predominantly proliferative molecule for the
thyroid. Elevation of serum levels of TSH causes signifi-
cant increases in thyroid volume. Elevations, even mini-
mal elevations, in TSH over an adequate amount of time
are sufficient for goiter formation. Iodine-insufficient en-
demic goiter areas have many examples of this pathogen-
esis. It has been shown that mild or moderate elevations
in TSH are generally detected in these areas and are
among the main reasons for goiter formation.

Obese individuals often have increased leptin in the
circulation, which reduces the formation of triiodothyro-
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nine by suppressing the effect of type II deiodinase on the
paraventricular nucleus TRH neurons in the hypothala-
mus. This increase in TRH stimulates the secretion of
TSH in the hypophysis. The mean TSH level in obese in-
dividuals is 0.8-2.0 mU/L higher than that in nonobese
individuals. Over time, this slight elevation can cause an
increase in the incidence of goiter, nodular goiter, and
papillary thyroid cancer [26, 27].

Association between Hyperinsulinemia, Insulin
Receptor, Insulin-Like Growth Factor, and Thyroid
Nodule/Cancer

Hyperinsulinemia refers to chronic insulin excess and
reveals the mitogenic effect of insulin. This effect induces
tissue hyperplasia by stimulating cell division and pro-
longs cell survival by inducing antiapoptotic effects [11].
Insulin receptor levels have been shown to be increased
in thyroid cancers [28, 29]. The insulin receptor and the
insulin-like growth factor (IGF) receptor (IGFR) are
structurally homologous. Thus, insulin can bind to both
the insulin receptor and the IGFR. Further, an insulin re-
ceptor and an IGFR can dimerize to form a hybrid recep-
tor, leading to inappropriate binding [11]. When insulin
binds to its receptor, the phosphoinositide 3-kinase path-
way is activated, leading to glucose uptake. In addition,
the MAPK cascade is also activated with insulin binding.
The MAPK pathway is responsible for cell and tissue pro-
liferation as well as for gene expression. Normally, the
MAPK pathway is upstream of glucose uptake, but the
MAPK pathway is limited at the physiological level. How-
ever, the MAPK pathway also plays a major role in chron-
ic hyperinsulinemia in insulin resistance [11].

Activation of IGFR is also very important in insulin
resistance. IGFR activation is thought to play a major role
in many types of cancer, with an increased incidence in
metabolic syndrome. It also plays a role in thyroid cancer.
In cases of insulin resistance, the amount of circulating
IGF-binding proteins that bind IGFs is reduced. As a re-
sult, circulating free IGFs are increased, and, therefore,
IGFs that are naturally associated with IGFRs will in-
crease. The mitogenic effect of the IGFR signal chain is
also known to play a role [28-30].

IGFRs do not occur very densely in the normal thyro-
cyte membrane. However, IGFR membrane densities are
significantly increased in thyroid nodules and cancers.
IGFRs have been scintigraphically found to occur more
densely in cell membranes of cold (noncancerous) nod-
ules than in normoactive and, especially, hyperactive
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nodules [28-30]. Insulin resistance stimulates the IGF
pathway as well as the insulin pathway in thyroid tissue.

Increased levels of insulin receptor expression have
been observed in differentiated and undifferentiated thy-
roid cancer tissues. The addition of metformin to the en-
vironment inhibits the increase in tumor cells [31]. This
inhibition has been associated with activation of adeno-
sine monophosphate kinase in cell pathways, as well as
with the subsequent inhibition of the mammalian target
of rapamycin pathway [31]. In a retrospective cohort
study evaluating Korean national health data, 128,453 in-
dividuals who used metformin and 128,453 who did not
use metformin were evaluated for papillary thyroid can-
cer over a 7.8-year follow-up period. The results of that
study revealed that metformin has a protective effect
against the development of thyroid cancer. However, de-
pending on the cumulative dose of metformin, this ben-
eficial effect emerges in later, but not in early, periods.
This beneficial effect is particularly pronounced in dia-
betic individuals, especially in the age range of 50-64
years [32]. Another study revealed that metformin led to
a high remission rate and lower recurrence of cervical
lymph node metastasis [33]. However, these data must be
confirmed by other studies in the future.

Conclusions

Obesity, an increasing pandemic in the world, is de-
fined as an abnormal or excessive amount of fat accumu-
lation to the extent that it impairs human health. Accord-
ing to the 2014 report of the World Health Organization,
more than 1.9 billion adults are overweight (39%) and
over 600 million adults are obese (13%) [34]. In recent
years, there has been an increased incidence of thyroid
nodules and thyroid cancer. Many of the factors causing
this higher incidence have been discussed here. Of note,
obesity, metabolic syndrome, and insulin resistance may
be the most important factors causing the increased inci-
dence of nodular goiter and thyroid cancer today.
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