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Simple Summary: The prevalence of thyroid nodules has increased worldwide over the last few
decades. Obesity is an emerging problem and a known risk factor for several pathologies. It is a
state of chronic, low-grade inflammation that causes an immune response that promotes
carcinogenesis. Leptin plays a vital role in the development and progression of thyroid nodules, and
estrogen is also involved in thyroid nodule formation. Obesity results in increased levels of
circulating estrogens due to increased aromatase activity. Metabolic syndrome stimulates
proliferation and angiogenesis in the thyroid gland through hyperinsulinemia, hyperglycemia and
dyslipidemia. Thyroid-stimulating hormone (TSH) can turn pre-adipocytes into mature adipocytes
and exerts mitogenic effects. The above mechanisms and clinical implications are discussed in more
detail in this review.

Abstract: A widely discussed topic in the pathophysiology of thyroid nodules is the role of obesity
that leads to increased systemic inflammatory markers. Leptin plays a vital role in forming thyroid
nodules and cancer through several mechanisms. Together with chronic inflammation, there is an
augmentation in the secretion of tumor necrosis factor (TNF) and cytokines interleukin 6 (IL-6),
contributing to cancer development, progression and metastasis. In addition, leptin exerts a
modulatory action in the growth, proliferation and invasion of thyroid carcinoma cell lines via
activating various signal pathways, such as Janus kinase/signal transducer and activator of
transcription, mitogen-activated protein kinase (MAPK) and/or phosphoinositide 3-kinase
(PI3K)/protein kinase B (Akt). Through several proposed mechanisms, aberrant endogenous
estrogen levels have been suggested to play a vital role in the development of both benign and
malignant nodules. Metabolic syndrome triggers the development of thyroid nodules by
stimulating thyroid proliferation and angiogenesis due to hyperinsulinemia, hyperglycemia and
dyslipidemia. Insulin resistance influences the distribution and structure of the thyroid blood
vessels. Insulin growth factor -1 (IGF-1) and insulin affect the regulation of the expression of thyroid
genes and the proliferation and differentiation of thyroid cells. TSH can promote the differentiation
of pre-adipocytes to mature adipocytes, but also, in the presence of insulin, TSH possesses mitogenic
properties. This review aims to summarize the underlying mechanisms explaining the role of
obesity in the pathophysiology of thyroid nodules and discuss potential clinical implications.

Keywords: thyroid nodules; obesity; inflammation; leptin; estrogen; cytokines; metabolic
syndrome; carcinogenesis

1. Introduction

Thyroid nodule prevalence has been rising along with a parallel increase in obesity worldwide
over the past few decades[1-4]. Together with the rising incidence of thyroid nodules, thyroid cancer
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detection rapidly increased [5]. The low-grade, chronic inflammation commonly observed during
obesity leads to a non-specific immune response by increasing systemic inflammatory molecules,
which contributes to developing thyroid nodules and cancer [6,7]. The increased release of leptin and
decreased secretion of adiponectin from white adipose tissue of obese individuals, along with high
oxidative stress, enhance cell proliferation and angiogenesis [8]. Aberrant endogenous estrogen levels
have been suggested to play a vital role in the development of both benign and malignant nodules.
Obesity leads to increased aromatase activity in the peripheral adipose tissue resulting in higher
levels of circulating estrogens. Several pathways are involved in the molecular effects of estrogen in
follicular cells. Estrogens have a regulatory effect on vascular endothelial growth factor (VEGF)
secretion in thyroid cells that increases angiogenesis. [9] Metabolic syndrome stimulates thyroid
proliferation and angiogenesis due to hyperinsulinemia, hyperglycemia, and dyslipidemia [10,11]. It
triggers the secretion of IGF-1, and insulin regulates the expression of thyroid genes to control the
proliferation and differentiation of thyroid cells. Furthermore, expression of TSH receptors in
extrathyroidal tissues, specifically in adipose tissue, where TSH can promote the differentiation of
pre-adipocytes to mature adipocytes, and in the presence of insulin, TSH exerts mitogenic properties
[12]. In this review, we summarize the latest evidence regarding the molecular links between obesity
and thyroid cancer development and discuss emerging diagnostic and therapeutic implications.

2. Epidemiological Evidence Linking Thyroid Nodules, Thyroid Cancer and Obesity

Thyroid nodularity is common, with an increased prevalence worldwide. Palpable thyroid
nodules are present in 3-7% of the general population [13]. The prevalence of thyroid nodules by
high-resolution ultrasound is 19-68% in randomly selected individuals, with annually rising trends
globally [14]. As expected, the detection rates of thyroid nodules are higher with ultrasound when
compared to palpation since there has been a widespread application of sensitive imaging techniques
which diagnose thyroid nodules in recent years [14,15].

Several studies have shown that the prevalence of thyroid nodules depends on risk factors such
as age, gender, iodine intake and history of radiation exposure [16]. In the United States, it is
estimated that approximately half of the adults older than 60 years have thyroid nodules. Although
there is a correlation between advanced age and a high prevalence rate of thyroid nodules, the
etiology of this relationship is unclear [17]. A relatively recent multicenter-based study in Korea
(N=72,319) found that the prevalence of thyroid nodules detected by ultrasound at health check-ups
was 34%, rising to 55% for patients aged >70 years [15]. Female gender has also been proven to be a
strong risk factor for thyroid nodules. The gender differences in thyroid nodules might be due to
physiology, pregnancy, and female estrogen exposure [18]. It is worth noting that the development
of thyroid nodules is four times more frequent in women than men, and their prevalence increases
with age and body mass index [19]. Another risk factor that influences the presence of thyroid
nodules is iodine intake, which has been the subject of numerous studies. Thyroid nodules were
found to be more prevalent in iodine-deficient countries. It has been reported that the prevalence of
thyroid nodules ranged from 2.6% in iodine-sufficient countries to 20.2% in iodine-deficient areas
[20]. Furthermore, hypertension, fasting glucose and diabetes were associated with a higher risk of
thyroid nodules. Contrary to the previously mentioned risk factors that negatively influence the
occurrence of thyroid nodules, smoking, alcohol drinking, exercise and a Mediterranean diet might
have protective effects [21].

In recent years, numerous studies have associated metabolic syndrome with the increased
prevalence of thyroid nodules [21,22]. Metabolic syndrome has rising rates with an overall prevalence
of approximately 25% worldwide [22,23]. The increased incidence of metabolic syndrome is
attributed to economic development and change in diet and lifestyle [23,24]. Previous studies showed
that diabetic patients had a higher incidence of thyroid nodules [24]. In addition, a strong association
was demonstrated between thyroid nodule development and specific components of metabolic
syndrome, such as waist circumference (WC), hypertension, and hyperglycemia [22]. A recent study
in China reflected the relationship between waist circumference and thyroid nodule risk [25]. Males
and older adults (260 years old) with metabolic syndrome had a higher risk of thyroid nodules than
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females and younger people. Patients with poorly controlled metabolic syndrome, especially those
with uncontrolled, abnormal glucose metabolism, are more prone to develop thyroid nodules [26].
Despite these findings, the correlation between metabolic syndrome and the occurrence of thyroid
nodules remains questionable [24].

Thyroid cancer represents the most common endocrine malignancy, with a rising incidence and
mortality globally. Thyroid cancer is the ninth most common type in men and the fifth most common
cancer among women [27]. According to data from the International Agency for Research on Cancer
(IARC), the global incidence of thyroid cancer was approximately 6.7 cases per 100,000 people in 2018
[28]. Approximately 90% of all thyroid malignancies are differentiated thyroid carcinoma,
comprising papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma (FTC). Poorly
differentiated thyroid carcinoma (PDTC) and anaplastic thyroid carcinoma (ATC) are rare tumors
accounting for 5% and 1%, respectively. Medullary thyroid carcinoma (MTC) represents 5% of
thyroid cancers [29]. The incidence rates of FTC, ATC and MTC thyroid carcinomas have remained
relatively stable over the past 30 years [30]. Thyroid cancer is three times higher among females. The
rising incidence is due to the variation of geographical regions and environmental exposures. The
highest incidence is observed in higher-income countries, like the Republic of Korea, Canada, Italy,
France, Israel, Croatia, Austria, and the U.S. as well as some middle- to upper-middle-income
countries, such as Turkey, Brazil, Costa Rica and China. Furthermore, the incidence rates are high in
some island nations and territories, including Cyprus, Cabo Verde and French Polynesia [31]. Several
risk factors, such as female sex, radiation, dietary iodine content, genetic or hereditary conditions,
and a history of benign thyroid disease, can increase the incidence of thyroid cancer [28].

The widespread use of imaging modalities, specifically ultrasonography, to evaluate patients
has allowed a growing number of incidentally discovered thyroid nodules, which previously were
undetectable [32]. A recent study found that a significant proportion of thyroid cancer (49%) was
discovered incidentally in asymptomatic people through histological examination and imaging
studies [33].

In recent decades, obesity has increased dramatically as it affects all ages, with a worldwide
prevalence of 13%, nearly tripled between 1975 and 2016. The risk of many types of cancers is
augmented in morbidly obese individuals with BMI> 40 kg/m? or >35 kg/m? in the presence of obesity-
related comorbidities [7]. Severely obese individuals are more likely to develop thyroid nodules than
non-obese individuals [11,34]. Moreover, there is some evidence that adiposity is related to more
aggressive features of thyroid cancer [35,36]. Also, type 2 diabetes mellitus (T2DM), strongly
associated with obesity, has been identified as a risk factor for increased TSH levels and thyroid
cancer. However, T2DM may be a risk factor for thyroid cancer independent of obesity [11,35]. A 5
kg/m? increase in BMI is correlated with a significant increase in the incidence of PTC [37]. Several
studies suggested a strong association between central adiposity and thyroid cancer [37,38]. Waist
circumference is an independent predictor of thyroid cancer [37]. An increase in BMI and waist-to-
hip ratio also increases the risk of thyroid cancer. Nevertheless, the connection between obesity and
thyroid nodules is unclear due to the different methods used to assess obesity [39]. Despite the above,
some studies concluded that there was no significant association between BMI and thyroid cancer
[40,41].

3. Obesity as a Chronic Inflammatory Condition

It is well established that obesity is a state of chronic low-grade inflammation. During this
condition of continuing inflammation, the release of pro-inflammatory factors from tissues increases
while the release of adipokines decreases, leading to a non-specific immune system activation which
is believed to contribute to the development of obese-related pathologies. The resulting
contraposition between adipose-resident immune cells and adipocytes further promotes the immune
cell production of multiple pro-inflammatory factors with subsequent induction of insulin resistance,
hyperinsulinemia, hyperglycemia, hyperlipidemia, and vascular injury; all of them are associated
with oxidative stress, cancer development and progression [7].
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Chronic inflammation triggers the activation and transcription of several factors such as nuclear
factor-kappa-light-chain-enhancer of activated B cells (NF-kB), signal transducer and activator of
transcription (STAT3), and activator proteinl (AP-1) in pre-malignant cells. Obese white tissue
increases the production of leptin, which is pro-inflammatory, pro-proliferative, pro-oncogenic, and
pro-angiogenic. It decreases adiponectin (APN) levels, which are anti-inflammatory, anti-angiogenic,
and anti-proliferative [42]. Combined with high oxidative stress, inflammatory cytokines are
upregulated, enhancing cell proliferation and angiogenesis. The activation of the obese white adipose
tissue has multiple roles in cancer, including effects mediated via interleukin IL-18 (IL-1B), which
promotes the proliferation and invasion of tumor cells. In addition, the increased levels of circulating
free fatty acids observed in obesity may lead to steatosis of the thyroid gland [43].

In rats treated with a high-fat diet, thyroid tumor cell proliferation was found to be increased
via upregulation of cyclin D1 protein levels, phosphorylation of retinoblastoma (Rb) protein, elevated
leptin serum levels and increased STAT3 gene expression [7]. Studies also revealed lower APN in
patients with thyroid cancer, whereas higher levels of IL-6 and leptin were associated with more
advanced papillary thyroid cancer (PTC). APN is shown to be inversely associated with women's
cancer risk [7].

4. Gender and Adipose Tissue

The female sex is a well-known factor associated with the development of thyroid nodules. A
study by Lai et al. demonstrated that women with a high body mass index (BMI) are likelier to have
thyroid nodules with a high-risk sonographic pattern. The same study revealed a significantly higher
risk of thyroid nodules as weight, body fat percentage (BFP), body surface area (BSA) and body mass
index (BMI) increased. In addition, statistically significant results were found between the risk of
thyroid nodules with high-suspicion sonographic pattern per 10 kg increase in weight, 5% increase
in BSA and 5 kg/m? increase in the BMI [44]. The predominance of the female gender in thyroid
nodules is often attributed to the different patterns of adipose tissue distribution. Song et al. showed
that women tend to have larger subcutaneous fat stores than visceral fat, while men tend to have
more visceral fat for any given waist circumference. Obese individuals, with a higher proportion of
subcutaneous fat than visceral fat, are at a lower risk of developing metabolic syndrome [25].

Interestingly, visceral fat is a stronger predictor of insulin resistance among men and women
above 50. It is supported that central abdominal obesity carries a higher risk of co-morbid disease
states, while lower body adiposity is associated with a less unhealthy metabolic profile. There are
two theories behind the reasoning that visceral fat is unhealthier. One hypothesis postulates that
visceral fat is responsible for the secretion of several adipokines, such as IL-1, IL-6, TNF-a, and leptin.
The second hypothesis suggests that the liver is directly exposed to the non-esterified fatty acid
released predominately from visceral fat, making it more prone to poor glucose control [45].

Adipose tissue serves as an important endocrine organ, and leptin concentration is more
reflective of subcutaneous fat, while insulin is more indicative of visceral fat. Another important
difference is that leptin correlates better with total adipose tissue in women than in men. On the other
hand, insulin levels are better correlated with adipose tissue in men. Even though women have more
fat than men, insulin sensitivity seems less affected by increased body fat than in men. Fat distribution
differences among men and women have endocrine, metabolic, and health consequences [25,45].

Endogenous differences in estrogen levels are considered the major factor for both benign and
malignant thyroid nodules (Figure 1). Obesity causes increased aromatase activity in the peripheral
adipose leading to higher levels of circulating estrogens. Hyperactivation of aromatase leads to an
imbalance between estrogens and androgens that contributes to carcinogenesis in obese. Two
estrogen receptors, ER-a and ER-f3, mediate estrogens. ER-a is overexpressed in thyroid cells, while
ER-B exhibits reduced or absent expression. Several pathways, including PI:K/AKT, MEK/ERK,
VEGF and NF-k B, are involved in the molecular effects of estrogen in follicular cells [39]. The primary
estrogen, 17-Beta estradiol (E2), increases cyclin D1 expression by binding to ER-a and reduces the
expression of p27 and beta-catenin. E2 can lead to an increased ability for cell proliferation and
survival by activation of the Bcl-2 gene [46]. E2 also stimulates reactive oxygen species (ROS)
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production and promotes the hyperexpression of hypoxia-inducible factor-la (HIF1-at) [46]. In
addition, estrogens can control thyroid tumor development and cancer cell invasiveness through
genetic and epigenetic changes and activation of the PIsK/AKT and MAPK pathways. Estrogens can
also increase angiogenesis by regulating VEGF secretion in thyroid cells. GPR30 receptor was found
in thyroid carcinoma cells and represents another way estrogen stimulates cell growth that lacks
expression of ERs [46].

In obese postmenopausal women, there is an increase in the conversion of endogenous sex
steroids. The postmenopausal state is also responsible for a significant imbalance between levels of
androgens and estrogens. Postmenopausal women with PTC exhibit an increase in ER-a expression,
and these findings suggest a role in promoting cancer aggressiveness. The same increased ER-a
expression levels were observed in obese women despite menopause [47].

4
OBESITY

INCREASE AROMATASE

IMBALANCE BETWEEN ESTROGENS AND ANDROGENS

v
INCREASE ESTROGEN CONCENTRATION

ACTIVATE PATHWAYS IN CELLS
P13K/AKT ‘ VEGF
MEK/ERK [ s ] R ek
THYROID
CARCINOGENESIS

Figure 1. Obesity and Thyroid Carcinogenesis. Adipose tissue is responsible for the conversion or
synthesis of endogenous sex steroids through aromatase activity. In obese individuals, the
overexpression and hyperactivity of aromatase lead to an imbalance between estrogens and
androgens, resulting in elevated estrogen levels that contribute to the development of thyroid cancer.
Increases in estrogen concentration activate several cell pathways, including the PIK/AKT,
MEK/ERK, VEGF, and NF-kB pathways. PIEK/AKT phosphatidylinositol-3 kinase signal pathway.
MEK/ERK Mitogen-activated protein kinase/extracellular signal-regulated kinase. VEGF Vascular
Endothelial Growth Factor pathway. NF-Kb Nuclear Factor kappa B pathway.

5. Leptin and the Hypothalamic—Pituitary — Thyroid (HPT) Axis

The stimulation of the HPT axis observed in obesity is mainly due to the centrally-acting leptin,
which regulates the activity of neurons in the hypothalamus and has both direct and indirect effects
on thyrotropin-releasing hormone-stimulating thyroid hormone (TRH-TSH) secretion.
Overnutrition caused by hyperleptinemia activates the secretion of TRH and, in turn, promotes the
synthesis of TSH and thyroid hormone. Leptin can act directly on the TRH-ergic neurons within the
paraventricular nucleus through the leptin receptor. Indirectly, leptin regulates the mechanism of the
hypothalamic neuronal network [48].

In obesity, high leptin levels fail to reduce appetite and increase energy expenditure. Studies in
adults showed that leptin-controlled arcuate neurons were unresponsive to signals from adipose
tissue and insulin, disrupting energy homeostasis and food intake regulation [48]. Furthermore,
leptin is reported to have a significant role in carcinogenesis by stimulating tumor cell growth and
invasion by increasing cellular hypertrophy of thyroid cells and enhancing the expression of
thyroglobulin [18]. In vitro studies showed that the stimulating effects of leptin were augmented by
the co-administration of TSH [48].
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Evidence showed that long-term exposure of the thyroid gland to high levels of TSH due to
hyperleptinemia could cause significant thyroid gland hyperplasia and thyroid nodule formation.
Furthermore, studies showed that BMI levels, weight circumference (WC), TSH and fasting plasma
glucose (FPG) were significantly higher in the thyroid nodule group than in the non-thyroid nodule
group. In addition, single-factor logistic regression analysis revealed that thyroid nodules occurrence
was positively associated with metabolic syndrome [24]. Leptin receptors in the thyroid gland could
induce PTC cell proliferation and inhibit cancer cell apoptosis [7]. The mean TSH levels in obese
individuals appeared to be 0.8-2 mU/L higher than in non-obese individuals as a result of the leptin
effect on the Type II deiodinase on the paraventricular nucleus, which could cause a rise in the
incidence of goiter, nodular goiter, and papillary thyroid carcinoma development over time [15,42].

6. Metabolic Syndrome, Hyperinsulinemia, and Insulin-like Growth Factor-1

Several studies found an association between metabolic syndrome (MS) components and
thyroid nodules [44]. In a quantitative review of thirteen independent observational studies, Zhang
et al. reported that metabolic syndrome was related to a higher risk of thyroid nodules [26]. Xu et al.,
in a large-scale study, found a statistically significant association between thyroid nodules and
metabolic disorders. Overweight, central obesity, high blood glucose, hypercholesterolemia and fatty
liver disease were all significantly associated with the prevalence of multiple thyroid nodules [18]. A
positive relationship was found between all components of metabolic syndrome and nodular goiter,
but the most significant association was reported between insulin resistance, thyroid nodules and
PTC [42]. In the study of Moon et al., the prevalence of metabolic syndrome was higher in the patient
group with nodules; both higher BMI and waist circumference were independently associated with
thyroid nodules [15]. IGF-1 promotes the progression and mitosis of many types of cells together
with the signal transduction through the Insulin-like growth factor 1 receptor (IGF1-R), leading to
abnormal hyperplasia, differentiation, and apoptosis of thyrocytes. This pathway could be a TSH-
independent mechanism explaining the association between thyroid nodule formation and metabolic
syndrome [49].

According to Chen et al., insulin resistance caused by obesity could result in steatosis and
infiltration of the thyroid gland, subsequently leading to changes in the gland's morphology and
function [43]. Insulin induces tissue hyperplasia by stimulating cell division and prolongs cell
survival by exerting anti-apoptotic effects. In addition, thyroid cancer tissues had higher insulin
receptor levels [42].

Insulin receptor (IR) and IGF-R are structurally homologous. When insulin binds to its receptor,
the PI:K pathway is activated, leading to glucose uptake, while the MAPK pathway is responsible for
cell and tissue proliferation and gene expression. The MAPK pathway has a major role in insulin
resistance and chronic hyperinsulinemia. The activation of insulin growth factor receptors is believed
to play an important role in various types of cancer with an increased incidence of metabolic
syndrome. In a state of insulin resistance, the amount of IGF-binding protein is reduced, resulting in
high levels of circulating IGF [42].

IGE-R is present in higher density on the membrane of cold nodules than hyperactive and
normoactive ones. Also, higher levels of insulin receptors were detected in differentiated and
undifferentiated thyroid cancer tissues. Interestingly, the addition of metformin, an insulin sensitizer,
inhibits tumor cell proliferation, which is associated with the activation of the adenosine
monophosphate kinase in cell pathways and the subsequent inhibition of the mammalian target
rapamycin (mTOR) pathway. Metformin is thought to be protective against thyroid cancer
development [39,42]. Liu et al. reported that insulin resistance was closely related to the distribution,
density, and structure of the thyroid blood vessels, which might promote the development of thyroid
nodules [24].

Shin et al. showed that the tumorigenic effect of metabolic syndrome appears to be mediated
through changes in cytokine levels due to low expression of tumor suppressor genes and an increase
in the levels of oncogene expression due to inflammation and ROS production. A higher prevalence
of large nodules in individuals with metabolic syndrome and hyperglycemia indicated by glycated
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hemoglobin (HbA1C) levels demonstrates a significant relationship with thyroid nodules in women
[49].

7. Adipose Tissue and TSH Levels

Several epidemiological studies noted a positive correlation between elevated TSH levels and
BML. In patients with metabolic syndrome and subclinical hypothyroidism, serum TSH levels were
correlated with the severity of obesity. TSH can promote the differentiation of pre-adipocytes to
mature adipocytes. TSH was found to increase the accumulation of triglycerides by thyroid-
stimulating hormone receptors (TSHR) via activation of the AMPK/PPARY pathway. Thyrotropin
and TSHR were thought to be limited only to thyrocytes. Still, the expression of TSHR in
extrathyroidal tissues, including liver and adipose tissue, was also demonstrated [50].

Patients with MS have a higher prevalence of nodular thyroid disease, probably due to
inflammatory levels and elevated TSH [51]. Glucose tolerance was demonstrated to have the most
significant contribution to the development of nodules. Activation of the TSH receptor and the
production of intracellular cyclic AMP (cAMP) leads to the activation of protein kinase A (PKA) that
phosphorylates nuclear factor cAMP response element binding protein (CREB) that activates the
targeted genes leading to thyroid cell proliferation. Elevated TSH can increase thyroid cell
proliferation through p70S6K — mediated effects on the localization of p27 [52]. Insulin activates
(IGF)-1 receptors that can increase the sensitivity of TSH, promoting thyroid cell proliferation. TSH
possesses well-known mitogenic properties in the presence of insulin in cell cultures [51].

8. Oxidative Stress and Diet

Low-grade chronic inflammation associated with obesity is responsible for many pathological
conditions, including hyperglycemia, hyperlipidemia, hyperinsulinemia, insulin resistance and
vascular damage and are all related to oxidative stress, which leads to carcinogenesis. Excess harmful
free radicals and reactive molecules characterize oxidative stress. The exact function of oxidative
stress in thyroid cancer remains uncertain; nonetheless, there are indications that a plausible link
exists between decreased antioxidant activity and augmented generation of Reactive Oxygen Species
(ROS), which may contribute to the development of thyroid tumors. ROS's activation of MAPK and
PLK/AKT signaling pathways could lead to tumorigenesis [39].

Diet has a significant role in the pathophysiology of chronic inflammation; The Dietary
Inflammatory Index (DII) is a measure that explores the correlation between diet and biomarkers of
inflammation. Two recent studies have linked high DII scores to thyroid cancer and other
inflammatory conditions [39].

Hyperinsulinemia

Adipose tissue and
TSH

—_— Gender
Metabolic Y PY Inflammatory signals
Syndrome ° @ IL-1, IL- TNF
Y 0.. @ 000 (IL-1, IL-6 and )
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Figure 2. Mechanisms associating obesity and thyroid nodules.
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Obesity, a state of chronic, low-grade inflammation, causes an immune response that promotes
carcinogenesis. Leptin plays a vital role in the development and progression of thyroid nodules, and
estrogen is also involved in thyroid nodule formation. Obesity results in increased levels of
circulating estrogens due to increased aromatase activity. Metabolic syndrome stimulates
proliferation and angiogenesis in the thyroid gland through hyperinsulinemia, hyperglycemia and
dyslipidemia. Thyroid-stimulating hormone (TSH) can turn pre-adipocytes into mature adipocytes
and exerts mitogenic effects.

9. Conclusions and Future Perspectives

The pathophysiology of thyroid nodules and thyroid cancer is complex, with various parameters
and biological pathways involved. The correlation between obesity and thyroid cancer is established
and can be explained, at least in part, through a plethora of molecular mechanisms. The main
mechanisms linking obesity with the development of thyroid nodules are shown in Figure 2. Obesity
alone, as a state of chronic inflammation, is a key factor in the pathophysiology of thyroid nodules.
Obesity, through increased leptin secretion, insulin resistance and activation of the HPT Axis,
contributes to the genesis and development of thyroid nodules. Further investigation is needed to
elucidate the mechanisms involved in the multifactorial link between thyroid nodules, thyroid
cancer, obesity, and metabolic syndrome.

According to a study by Luo et al., intentional weight loss among postmenopausal women in
the Women's Health Initiative (WHI) study was associated with a decreased risk of developing
obesity-related cancer. The WHI study consisted of 58,667 postmenopausal women aged 50-79,
whose body weight and waist circumference were measured at baseline and year 3. During the
average 12-year follow-up period, 6033 cases of obesity-related cancers were reported [53]. A meta-
analysis of 24 million cohorts conducted to evaluate the association between obesity and weight
change and the risk of developing thyroid cancer demonstrated that obesity and weight gain are
significant risk factors for thyroid cancer. Specifically, obesity increases the risk of thyroid cancer in
women, and conversely, maintaining a healthy weight was associated with a reduced risk of thyroid
cancer in both men and women [54].

Future directions for research include large-scale studies to assess the impact of weight loss on
thyroid cancer in obese individuals. While epidemiological studies suggest a link between obesity
and thyroid cancer, further research is needed to fully understand the mechanisms underlying this
association and develop effective prevention and treatment strategies based on this knowledge.
Additionally, randomized controlled trials are needed to assess the effects of targeting obesity and
its potential mediators like inflammation, insulin resistance, IGF-1, and low adiponectin on thyroid
cancer prevention. However, there are challenges, such as disentangling the effects of obesity from
other factors, the heterogeneity of thyroid cancers, and a lack of consensus on specific mechanisms.

Ongoing research can lead to a better understanding of disease and the development of more
effective prevention and treatment strategies. Nonetheless, given that obesity is a risk factor that can
be modified, it is an important target for public health initiatives to reduce the incidence of thyroid
cancer and the formation of thyroid nodules. Encouraging healthy weight management and weight
loss through public health initiatives can help lower the risk of developing thyroid cancer.
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