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ABSTRACT

Introduction: Obesity has become a global health problem with rapidly increasing prevalence across all age groups.
Accumulating evidence suggests that excess adiposity affects thyroid function and morphology and may contribute to the
rising incidence of thyroid cancer. This review summarizes current knowledge on the interplay between obesity, thyroid
physiology, thyroid structural alterations, and thyroid cancer risk.

Methods: A comprehensive literature search was conducted using PubMed and Google Scholar, focusing on systematic
reviews and meta-analyses. Keywords such as “obesity”, “body mass index”, “thyroid nodules”, “thyroid cancer”, “bariatric
surgery”, and “GLP-1 RA” guided the search. Selected studies were qualitatively analyzed.

Results: Obesity was strongly associated with elevated TSH, thyroid hypertrophy, increased thyroid volume, and higher
prevalence of nodules, often with more suspicious cytology. Meta-analyses showed that each 5-unit increase in BMI
corresponds to an increase up to a 30% in thyroid cancer risk, particularly for papillary, follicular, and anaplastic subtypes.
Mechanisms include hyperleptinemia, chronic inflammation, insulin resistance, altered estrogen signaling, and oxidative
stress. Weight-loss interventions, including bariatric surgery and GLP-1 receptor agonists, were associated with the
improvements of thyroid function and morphology.

Conclusions: Obesity is a significant and modifiable determinant of thyroid dysfunction and thyroid cancer. Effective weight
management may reverse obesity-related thyroid alterations and should be integrated into clinical care and preventive
strategies.
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Introduction

The prevalence of obesity has increased significantly in recent decades in both adult and pediatric
populations (Bliiher, 2019; Tung et al, 2023). Some studies indicate that obesity has become a global epidemic
and is a major worldwide health problem (Bliher, 2019; Lin & Li, 2021; Mahmoud, 2022). The
etiopathogenesis of obesity is a complex issue comprising genetic, socioeconomic and cultural influences.
Nevertheless, modification of lifestyle habits, patterns of consumption and urban development have become
key factors that meaningfully contribute to its progressive prevalence (Mahmoud, 2022). Obesity should be
treated as a chronic multisystem disease associated with a decreased quality of life and increased mortality
(Lin, & Li, 2021; Sarma, Sockalingam, & Dash, 2021). It is not only the risk factor for noncommunicable
diseases such as coronary artery disease, hypertension, chronic kidney disease, hyperlipidemia, type 2 diabetes
mellitus or musculoskeletal disorders, but also a condition associated with a higher risk of malignancy,
including thyroid cancer (TC) (Lin & Li, 2021; Pati et al, 2023).

The objective of this review is to provide readers with updated information on obesity and its impact on
thyroid function and morphology among adult patients, to present the relationship between obesity and TC
development and to summarize recent evidence on obesity treatment, both surgical and non-surgical, and its
impact on thyroid function.

e-ISSN: 2544-9435 2



4(48) (2025): International Journal of Innovative Technologies in Social Science

Methodology

This review aims to provide the latest scientific findings regarding obesity and thyroid morphology and
function. A literature search was conducted using PubMed and Google Scholar. Most evidence is derived from
meta-analyses and systematic reviews. Specific keywords such as “obesity”, “body mass index”, “thyroid
nodules”, “thyroid cancer”, “bariatric surgery”, “GLP-1 RA” were used in the search strategy. Thoroughly

B

selected studies were examined and qualitatively analyzed.

Obesity - Definition And Epidemiology

Definition

According to the World Health Organization (WHO) guidelines, the diagnosis of obesity in adults is based
on the Body Mass Index (BMI) (WHO, 2000). BMI is calculated as the weight in kilograms divided by the square
of the height in metres (kg/m2). Overweight is characterised as a BMI in the range 25.00—29.99 and obesity as a
BMI greater than or equal to 30.00. Then it is further classified into three severity levels: class I (BMI 30.00—
34.99), class I (BMI 35.00-39.99) and class IIT (BMI>40.00) (WHO, 2000; Lin, & Li, 2021). The International
Federation for the Surgery of Obesity and Metabolic Disorders (IFSO) extends the WHO classification by
subdividing obesity into five classes: classes I-III correspond to those defined by the WHO, class IV (formerly
termed “super obesity”) includes individuals with a BMI of 50.0-59.99 kg/m?, and class V (previously “super—
super obesity”) includes individuals with a BMI > 60.0 kg/m? (Salminen et al, 2024). The classifications are
presented in Table 1.

Table 1. Classifications of body weight in adults based on Body Mass Index (BMI).

Classification WHO IFSO

Underweight <18.50 <18.50
Normal range 18.50 —24.99 18.50 — 24.99
Overweight 25.00-29.99 25.00 —29.99

Obesity >30.00 >30.00
Class I 30.00-34.99 30.00 —34.99
Class II 35.00-39.99 35.00 —39.99
Class 111 >40.00 40.00 —49.99
Class IV — 50.00 — 59.99

Class V — >60.00

BMI is considered as a sufficiently reliable diagnostic measurement for population-level assessments
and many individual patients. Nevertheless, some studies suggest that accurate diagnosis of obesity in an
individual may require other anthropometric assessments beyond body weight alone (e.g., waist circumference,
percent body fat, and android/visceral fat) (Fitch & Bays, 2022). Quoted limitations of using BMI as the only
indicator of adiposity include its imperfect correlation with individual body composition, failure to account for
variations in muscle mass, misclassification of obesity in muscular individuals and underestimation of
adiposity among patients with sarcopenia (Fitch & Bays, 2022). However BMI is indicated as a reasonable
and simple initial screening tool for a majority of patients (Fitch & Bays, 2022).

Epidemiology

Obesity is currently perceived as a global pandemic (Bliher, 2019). In 2022 over 890 million adults
were obese what corresponds to about 16% of adults aged 18 years and older worldwide who were diagnosed
with obesity in 2022 (WHO, 2025). According to the report of the WHO the worldwide prevalence of obesity
has nearly tripled over the past five decades and it is estimated that by 2030 over one billion adults globally
will be obese (WHO, 2023). Due to its well-documented and indisputable negative impact on human health,
at the 75™ World Health Assembly in 2022, Member States prepared and adopted new recommendations for
the prevention and management of obesity (WHO, 2023). Stopping the increasing obesity prevalence is one of
the Global Targets for Noncommunicable Diseases (WHO, 2023).

e-ISSN: 2544-9435 3
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The Relationship Between Obesity and Thyroid Function and Morphology

Leptin and TSH correlation

Obesity is a multisystem disease that affects the function of many organs in the human body, including
the thyroid. Thyroid-stimulating hormone (TSH) levels are positively correlated with the amount of adipose
tissue (Biondi, 2024; Santini et al, 2014). Leptin, adipocytokine produced by adipose tissue, participates in the
expression of the thyrotropin-releasing hormone (TRH) in the paraventricular nucleus (PVN) and arcuate
nucleus (ARC), and regulates the hypothalamus—pituitary—thyroid axis (Biondi, 2024). As a result of
hyperleptinemia caused by excess adiposity, the hypothalamus—pituitary—thyroid axis activates resulting in
elevated TSH plasma concentration (Santini et al, 2014). An observational study assessing weight change
during 11-year follow-up among 4,649 individuals without previous thyroid disease treatment indicated that
0.6 kg weight gain in women (95% CI = 0.4-0.9, p<0.01) and a 0.7 kg weight gain in men (95% CI = 0.02—
1.3, p = 0.04) were associated with an increase of 1 mIU/L of TSH (Bjergved et al, 2014). This association is
further supported by the fact that TSH levels decrease following weight loss achieved through bariatric surgery
or diets with a caloric deficit (Guan et al, 2017; Santini et al, 2014). Moreover, due to TSH receptor expression
on adipocytes, elevated TSH results in stimulated leptin secretion. A complex positive-feedback interaction
therefore links leptin with serum TSH. (Baranowska-Bik & Bik, 2020; Biondi, 2024).

TSH in obese patients

Thyroid stimulating hormone (TSH), a glycoprotein hormone synthesized in the pituitary gland, is a
regulatory element of the hypothalamus—pituitary—thyroid axis. It is secreted by the anterior pituitary gland in
both basal and pulsatile patterns. The synthesis and release of TSH are essential for thyroid hormone
production and secretion and are regulated by TRH as well as by negative feedback from circulating
tritodothyronine (T3) and thyroxine (T4). TSH stimulates hypertrophy and hyperplasia of thyrocytes, enhances
iodine uptake and thyroglobulin production and contributes to modulation of immune response (Wu et al,
2022). However, permanently increased TSH serum level, as observed in many patients diagnosed with obesity,
may lead to overstimulation, excessive hyperplasia, and the development of focal thyroid lesions, resulting in
overall thyroid enlargement (Szczepanek-Parulska et al, 2016).

Hiperinsulinemia and thyroid gland

Insulin is an anabolic peptide hormone regulating glucose homeostasis. Hyperinsulinemia and the
subsequent development of insulin resistance are well-documented consequences of weight gain. High energy
intake promotes excessive fatty acid storage in white adipose tissue, leading to adipose tissue dysfunction,
chronic inflammation, and impaired insulin sensitivity, which in turn stimulates pancreatic p-cells to increase
insulin secretion, resulting in hyperinsulinemia and the progression of insulin resistance (Mastrototaro &
Roden, 2021). Several reviews have shown that hyperinsulinemia exerts a growth-stimulatory effect on
thyrocytes and insulin resistance is an acknowledged risk factor for the development of thyroid goiter,
including nodular goiter (Chen, Xu, Renko, & Derwahl, 2012). A study conducted among 413 residents of
Georgia demonstrated that the mean thyroid volume was significantly higher in patients with insulin resistance
compared to controls (20.52 + 6.39 cm?® vs. 15.25 £ 6.55 cm?, p < 0.001) (Lomtadze, Giorgadze, Janjgava,
Kacharava, & Taboridze, 2023).

Obesity and thyroid autoimmunity

Several studies have evaluated the association between leptin levels and autoimmune thyroid disease in
obese individuals (Marzullo et al, 2010; Song et al, 2019). The results suggest that thyroid peroxidase
antibodies (TPOADb) are more frequently detected in obese patients, and an increased leptin concentration may
be associated with Hashimoto thyroiditis, regardless of bioanthropometric parameters (Marzullo et al, 2010).
A meta-analysis of 14 studies reported a causal relationship between obesity and subclinical hypothyroidism.
Obese individuals exhibited an increased risk of subclinical hypothyroidism (OR = 1.70, 95% CI = 1.42-2.03;
p < 0.001) and a significant association with Hashimoto thyroiditis (OR = 1.91, 95% CI = 1.10-3.32, p =
0.022), supporting the concept that adiposity constitutes a risk factor for both Hashimoto thyroiditis and
subclinical hypothyroidism (Song et al, 2019). Elevated leptin levels may play a key role by modulating
immune activity and inflammatory pathways, potentially contributing to increased TPOAD production (Song
etal, 2019).
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Thyroid nodules in obese patients

Over recent decades, the global prevalence of thyroid nodules has increased substantially (Pemayun,
2016). Although this trend is largely attributed to the widespread availability and frequent use of thyroid
ultrasonography, the escalating global prevalence of obesity and accumulating evidence on the effects of
adipose tissue on thyroid morphology highlight the need to further examine the role of obesity in the
development of thyroid alterations. In a retrospective analysis of 310 patients, Demetriou et al (2025) evaluated
the potential association between obesity and the occurrence of thyroid nodules. Overweight and obese
individuals (BMI > 25 kg/m?) exhibited a tendency toward a higher number of nodules compared with
individuals of normal BMI (4.25 + 2.42 vs. 3.66 + 1.93, p = 0.05). Furthermore, patients with BMI > 25kg/m?
demonstrated significantly poorer fine-needle aspiration (FNA) outcomes than those with BMI < 25 kg/m? (p
= 0.029), with a notable difference in the proportion of Thy4-Thy5 categories (p = 0.04). Lesion risk
assessment was conducted according to the UK RCPath terminological system, as presented in Table 2.

Table 2. UK RCPath terminology system in thyroid fine-needle aspiration (Poller, Cochand-Priollet, &
Trimboli, 2021)

Thyl Non-diagnostic for cytological diagnosis

Thylc Non-diagnostic for cytological diagnosis—cystic lesion
Thy2 Non-neoplastic

Thy2c Non-neoplastic—cystic lesion

Thy3a Neoplasm possible—atypia/non-diagnostic
Thy3f Neoplasm possible, suggesting follicular neoplasm
Thy4 Suspicious of malignancy

Thy5 Malignant

In another study, Fokou et al (2025) analyzed 294 patients diagnosed with Hashimoto toxicosis and
found that individuals with BMI > 25 kg/m? had a significantly higher rate of suspicious or malignant cytology
(Thy4-ThyS5) compared with those with BMI < 25 kg/m? (27.03% vs. 18.18%, p < 0.01). These findings
collectively suggest a positive correlation between obesity and an increased risk of thyroid malignancy.

Thyroid Cancer - Epidemiology, Classification and Risk Factors

Epidemiology

TC is the most common endocrine malignancy worldwide and represents a growing public health
challenge. It affects women disproportionately and is the second most frequent cancer in young adult females
(Bray et al, 2018). Globally, TC ranks ninth among all malignancies, and its incidence, particularly that of
papillary thyroid carcinoma, has risen markedly over recent decades (Wirth et al, 2021). Although advances
in diagnostic methods, including high-resolution ultrasonography and improved cytological assessment, have
contributed to the increased detection of small thyroid lesions, they do not fully explain this trend. Data from
the Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer Institute in the
United States have shown an increased incidence of even larger, clinically apparent tumors between 1980 and
2005, which are detectable without advanced diagnostic techniques (Enewold et al, 2009). These observations
suggest that additional factors may be involved in the rising incidence of TC. The available evidence indicates
that TC development is likely influenced by a combination of improved detection and broader epidemiological
shifts linked to environmental and metabolic factors.

Classification

TC comprises a heterogeneous group of malignancies that differ substantially in histological subtype,
clinical behavior, and prognosis. Differentiated TC represent the vast majority of cases, with papillary thyroid
carcinoma (PTC) being the most prevalent subtype, accounting for approximately 85-90% of all TC (Zhang
& Xu, 2024). PTC typically exhibits indolent behavior and excellent long-term survival, although aggressive
variants and advanced disease with lymph nodes or distant metastases may occur. Follicular thyroid carcinoma
(FTC) constitutes the second most common subtype, representing 10—15% of cases, with a higher prevalence
in iodine-deficient regions. Compared with PTC, FTC demonstrates a greater tendency for vascular invasion
and distant metastases, particularly to the lungs and bones (Shen et al, 2024). Medullary thyroid carcinoma
(MTC), arising from parafollicular C cells, accounts for approximately 3-5% of TC and may occur
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sporadically or as part of hereditary syndromes, most notably multiple endocrine neoplasia type 2 (Forma et
al, 2025). Anaplastic thyroid carcinoma (ATC) is the rarest subtype, accounting for about 2% of cases, yet it
is responsible for a disproportionate number of TC—related deaths due to its highly aggressive nature, rapid
progression, and poor response to therapy (Li, Zhang, Zhou, & Du, 2022).

Risk factors

Numerous studies are currently underway to better characterize the risk factors associated with TC.
Increasing attention has been directed toward identifying environmental, metabolic, hormonal, and genetic
influences that may drive carcinogenesis (Franchini et al, 2022). Understanding these factors is essential for
improving risk stratification, informing preventive strategies, and elucidating the complex mechanisms
underlying thyroid tumor initiation and progression. The most important risk factors include iodine deficiency
and radiation exposure (Mirkatouli, Hirota, & Yoshinaga, 2023). However, additional contributors such as
dietary factors, exposure to endocrine-disrupting chemicals and other xenobiotics, estrogen exposure, cigarette
smoking, diabetes, obesity, metabolic syndrome, and insulin resistance have also been proposed (Derwahl &
Nicula, 2014; Lee, Chai, & Y1, 2021; Dong etal, 2022; Ma, et al, 2015; Zhao et al, 2012; Rezzdnico, Rezzonico,
Pusiol, Pitoia, & Niepomniszcze, 2009). These conditions may disrupt the organism’s epigenetic status and
influence health by altering gene expression patterns (Nettore et al, 2019). Many of these factors are strongly
linked to increased body weight, suggesting that excess adiposity may play an important role in TC
development.

Molecular Links Between Obesity and Thyroid Cancer

In recent decades, the global rise in obesity has renewed scientific interest in understanding its impact
on the incidence and progression of various malignancies, including TC. Although a single unifying
mechanism has not been identified, the currently available studies strongly suggest that obesity induces a
constellation of endocrine, metabolic, inflammatory, and molecular alterations that not only contribute to the
development of focal lesions and hypothyroidism, as mentioned in previous paragraphs. Performing together
they can also create a microenvironment favorable to the neoplastic transformation of thyroid cells (Franchini
et al, 2022).

IL-6 and TNF-a

A central feature of obesity-related carcinogenesis is chronic low-grade inflammation, a state driven by
functional and structural remodeling of adipose tissue. In healthy individuals, adipose tissue acts as a
metabolically active endocrine organ that helps maintain energy balance through the controlled release of
adipokines. However, as adipocytes undergo hypertrophy in the context of obesity, adipose tissue becomes
infiltrated by macrophages and other immune cells, shifting from an anti-inflammatory to a pro-inflammatory
phenotype (Kawai, Autieri, & Scalia, 2021; Haase et al, 2014). This transition leads to sustained
overproduction of cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a) [the level
of serum IL-6 (SMD = 1.04, 95% CI: 0.40-1.67, p = 0.001) and the level of serum TNF-a (SMD =1.31, 95%
CI: 0.35-2.28, p = 0.008) in TC are significantly higher than those in control], which are known to influence
cell proliferation, apoptosis resistance, and extracellular matrix remodeling (Zheng et al, 2019; Zhao et al,
2020). Such systemic inflammatory activation may not only impair thyroid homeostasis, but also encourage
the initiation and progression of malignant lesions within the gland.

Adiponectin and leptin

Another crucial element linking obesity with TC is the dysregulation of adipokines, including leptin and
adiponectin. Hyperleptinemia in obesity causes increased mitogenic signaling, enhanced angiogenesis, and reduced
apoptosis, processes that have been observed in various tumor models, including those of the thyroid (Celano et al,
2019) Conversely, adiponectin, an adipokine with anti-inflammatory and insulin-sensitizing effects, is markedly
reduced in individuals with obesity (Nigro et al, 2021).
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Insulin resistance and IGF-1

Metabolic alterations associated with obesity, particularly insulin resistance and compensatory
hyperinsulinemia, represent an additional pathway that may promote thyroid tumorigenesis. Insulin, acting
through the insulin receptor and the insulin-like growth factor 1 (IGF) system, exerts potent mitogenic effects
via activation of MAPK and PI3K/AKT pathways (Artim, Mendrola, & Lemmon, 2012). Overexpression of
IGF ligands and their receptors has been widely documented across multiple malignancies, including TC (Vella
et al, 2001). This upregulation appears to represent an early event in malignant transformation, supporting
uncontrolled proliferation and suppressing apoptosis, and is frequently associated with poorer clinical
outcomes (Bowers et al, 2015). A meta-analysis of 42 articles indicated increased risk for TC in patients with
insulin resistance (RR = 1.59, 95% CI=1.12-2.27, p=0.01) (Yin et al, 2018). Further evidence suggests that
insulin and IGF-1 may synergize with TSH, the principal physiological stimulator of thyroid cell growth.
Although the mitogenic effect of TSH is minimal in the absence of growth factors, it is markedly amplified in
the presence of IGF-1 (Vella & Malaguarnera, 2018).

Estrogens

Adipose tissue is a major site of aromatase activity, leading to increased peripheral conversion of
androgens to estrogens (Pazaitou-Panayiotou, Polyzos, & Mantzoros, 2013). As thyroid tissue expresses
estrogen receptors, predominantly the proliferative ER-a subtype, an estrogen-rich environment may potentiate
growth signals and promote more aggressive tumor behavior (Liu, Xu, Ma, & Chang, 2021). The effects of
estrogens on thyroid cells involve crosstalk between several oncogenic pathways, including PI3K/AKT,
MAPK, and NF-«B, as well as modulation of oxidative stress responses and angiogenesis (Liu, Xu, Ma, &
Chang, 2021). These hormonal dynamics may partially explain the higher prevalence of TC in women and the
potential influence of menopausal status and adiposity on disease risk.

Oxidative stress

Oxidative stress, defined as an excess of free radicals and reactive metabolites capable of inducing
harmful biological effects, represents another mechanistic link between obesity and TC. Excess adiposity and
associated metabolic disturbances increase the production of reactive oxygen species (ROS), while
simultaneously impairing antioxidant defense systems (Xing, 2012). Thyroid tissue is uniquely susceptible to
oxidative stress due to its physiological reliance on hydrogen peroxide for thyroid hormone synthesis
(Karbownik-Lewinska & Kokoszko-Bilska, 2012). In the context of obesity, chronic ROS overproduction may
exacerbate DNA damage, promote genomic instability, and stimulate oncogenic signaling, thereby creating an
environment conducive to neoplastic transformation (Costa, Scholer-Dahirel, & Mechta-Grigoriou, 2014).

Dietary patterns

Emerging evidence suggests that dietary patterns, beyond their role in promoting caloric imbalance, also
modulate inflammatory and metabolic pathways relevant to TC development (Neale, Batterham, & Tapsell,
2016). The Dietary Inflammatory Index (DII) is a literature-derived index that evaluates the relationship
between multiple dietary components and inflammation-related biomarkers. Higher DII values indicate a more
pro-inflammatory dietary pattern and have been linked to an elevated risk of obesity and other chronic
conditions, including TC risk, particularly when combined with other obesity-related metabolic abnormalities
(Marx et al, 2021). These findings underscore the multifaceted role of nutritional behavior in shaping both
systemic inflammation and the carcinogenic susceptibility of thyroid tissue.

Summary of recent data

The latest meta-analysis, which included 22 studies, showed that obesity is significantly associated with
an increased risk of TC (HR = 1.33; 95% CI 1.24-1.43) (Hisan, Myung, & Nguyen, 2025). This risk is
significantly higher regardless of the type of study (prospective or retrospective cohort study), gender (male
or female), continent (America, Europe, or Asia) and study quality (high or low). Another meta-analysis of 21
studies, including 121,999 patients with TC, showed that the risk of TC increases proportionally to the severity
of obesity. Each 5-unit increase in BMI, 5 kg increase in weight, 5 cm increase in waist or hip circumference,
and 0.1-unit increase in waist-to-hip ratio were associated with 30%, 5%, 5%, and 14% greater risks of TC,
respectively (Schmid, Ricci, Behrens, & Leitzmann, 2015). Studies have shown that obesity is significantly
positively correlated to papillary, follicular, and anaplastic TC, whereas the association with medullary TC
was not confirmed (Schmid, Ricci, Behrens, & Leitzmann, 2015). Furthermore, a study comparing the effects
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of various factors on the development of TC found that obesity was associated with an increase in TC risk
comparable to that observed with radiation exposure (13%, 95% CI: 5-21%, four studies; 14% 95% CI: 5—
23%, eight studies, respectively) (Sadeghi et al, 2018).

The Effect of Obesity Treatment on The Thyroid Gland

With the global obesity epidemic, the use of bariatric surgery and pharmacological agents acting on the
incretin axis have increased. Studies assessing the impact of obesity treatment on thyroid morphology and
function, as well as the risk of developing cancers, including TC, have already been published.

Bariatric surgery

De Sousa et al (2023) examined the impact of bariatric surgery (BS) on thyroid function and morphology.
The study included 70 patients, of whom 40 patients who underwent BS. The results showed that thyroid
volume (TV) decreased after BS, differing significantly from the control group without surgical intervention
(—1,5 cm3, p = 0.003). The change in thyroid volume (ATV) was independently and positively correlated with
AHOMA-IR (p = 0.007) and AIL6 (p = 0.016). A non-significant reduction in TSH within the BS group
(—0.3872 vs. —0.2483, p = 0.128) was observed. The conversion of T4 to T3 increased significantly after BS,
as demonstrated by the T3/T4 ratio (+5.16, p = 0.01). In another study including 122 patients, with a BS group
of 33 patients, TSH and fT3 levels significantly decreased (p = 0.005 and p = 0.002, respectively) with no
significant changes in thyroid function in the control group. Thyroid volume increased significantly in the
control group but not in the BS group (p = 0.034 vs. 0.270) (Soyer et al, 2025).

Glucagon-like peptide 1 receptor agonists

Early observational studies had raised concerns regarding a potential increased risk of TC with
glucagon-like peptide 1 receptor agonists (GLP-1 RAs) (Bezin et al, 2023). However, more recent evidence
has not corroborated these results (Baxter et al, 2025). One study investigated the use of GLP-1 RAs compared
with use of dipeptidyl peptidase-4 inhibitors (DPP-41) among patients with type 2 diabetes mellitus and their
association with TC development. The results have shown that use of GLP1-RAs relative to use of DPP-4i
was not associated with an increased risk of TC (pooled weighted HR 0.81, 95% CI 0.59-1.12). No increased
risk of TC was observed with increasing cumulative dose of GLP1-RAs among GLP1-RAs ever-users.
Moreover, a meta-analysis by Nagendra, BG, Sharma and Duttam (2023), including data from 37 randomised
controlled trials and 19 real-world studies, found no increased risk of TC (2.04; 0.33-12.61), or other
neoplasms (0.95; 0.62—1.45) in participants using semaglutide. In a recent large-scale cohort study comparing
GLP-1RAs-treated patients with controls, significant risk reduction over the 5-year follow-up included
malignancies in thyroid and endocrine glands (HR 0.7, 95% CI 0.56—0.87) (Levy et al, 2025). However,
subgroup analysis by individual GLP-1 RAs types showed that semaglutide was associated with a significantly
lower risk of TC, while liraglutide increased that risk (HR = 1.702, 95% CI = 1.029-2.815).

Discussion

The findings of this review highlight the complex and multifactorial relationship between obesity,
thyroid function, thyroid morphology, and TC risk. Obesity has evolved into a global public health challenge
of unprecedented scale, with its prevalence rising sharply across all age groups. As demonstrated in numerous
studies, excess adiposity exerts diverse endocrine, metabolic, immune, and molecular effects that can influence
thyroid homeostasis and the development of both benign and malignant thyroid disease.

A consistent body of evidence indicates that obesity is associated with alterations in thyroid function
driven primarily by leptin-mediated stimulation of the hypothalamus—pituitary—thyroid axis. Hyperleptinemia
in individuals with elevated adiposity induces TRH and TSH secretion, which may lead to persistent TSH
elevation and consequent thyroid hypertrophy, hyperplasia, and the formation of focal lesions. Clinical studies
support this mechanism, showing that even modest weight gain is associated with measurable increases in
TSH, whereas weight loss results in decreased TSH levels and improved thyroid hormone dynamics. These
findings underscore the physiological sensitivity of the thyroid to metabolic changes arising from excess
adipose tissue.

Beyond functional alterations, accumulating evidence demonstrates a strong association between
obesity and structural thyroid abnormalities. Several recent analyses show that overweight and obese
individuals exhibit a higher prevalence of thyroid nodules, larger thyroid volumes, and worse cytological
outcomes on fine-needle aspiration. Many studies consistently report higher rates of suspicious or malignant
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cytology among individuals with BMI > 25 kg/m?. These observations suggest that obesity may not only
promote the development of nodules but may also contribute to a more aggressive morphological profile,
which has significant clinical and diagnostic implications. Currently, clinical guidelines do not recommend
routine thyroid ultrasonography for screening in patients with obesity. However, in light of the accumulating
evidence, this issue may warrant consideration in selected patient populations.

An increasing number of studies linking obesity to a higher risk of TC emphasize the growing clinical
importance of these findings. Recent meta-analyses, including large cohorts from multiple continents,
demonstrate a clear positive association between BMI and TC incidence. The risk rises proportionally with
increasing adiposity, with a 5-unit increase in BMI associated with a 30% higher risk of TC. Importantly,
obesity appears to confer a similar magnitude of risk as well-established factors such as radiation exposure.
Notably, the association is strongest for papillary, follicular, and anaplastic thyroid carcinomas, but not for
medullary thyroid carcinoma, suggesting tumor-type-specific pathways.

Mechanistically, several biological processes may explain how obesity promotes thyroid carcinogenesis.
Chronic low-grade inflammation, characterized by elevated circulating IL-6 and TNF-a, contributes to a pro-
tumorigenic microenvironment. Dysregulation of adipokines, including increased leptin and reduced
adiponectin, further enhances mitogenic signaling, angiogenesis, and resistance to apoptosis.
Hyperinsulinemia and insulin resistance, hallmark features of metabolic dysfunction, synergize with TSH to
amplify thyrocyte proliferation. Additionally, increased aromatase activity in adipose tissue raises estrogen
levels, potentially driving tumorigenesis in tissues expressing estrogen receptors, including the thyroid.
Elevated oxidative stress, to which thyroid tissue is uniquely vulnerable, adds another layer of risk by
promoting DNA damage and genomic instability. Finally, dietary patterns characterized by high inflammatory
potential may further amplify systemic and local carcinogenic processes.

Recent data on obesity treatment provide important insight into the reversibility of obesity-related
thyroid alterations. Bariatric surgery has consistently been shown to reduce thyroid volume, improve thyroid
hormone profiles, decrease TSH levels, and alleviate metabolic risk factors. Pharmacological treatments,
particularly GLP-1 RAs, have generated interest because of earlier concerns regarding TC risk. However, the
current evidence strongly suggests that GLP-1 RAs do not increase TC incidence, with several large analyses
showing neutral or even protective effects. Notably, the risk profile may differ between GLP-1 RAs subtypes:
semaglutide appears to reduce TC risk, while liraglutide may be associated with a modest increase. These
findings highlight the need for further subtype-specific evaluations but overall support the safety of GLP-1-
based therapies in patients with or at risk for thyroid disease.

Overall, the evidence presented in this review underscores that the relationship between obesity and
thyroid disease is clinically significant. Excess adiposity represents a modifiable risk factor whose influence
extends from functional thyroid disturbances to morphological abnormalities and carcinogenic potential. With
obesity rates continuing to rise globally, addressing this relationship should be a priority in both endocrinology
and public health.

Conclusions

Obesity clearly emerges as an important determinant of both functional and structural thyroid
abnormalities. A substantial body of epidemiological data shows that obesity significantly increases the risk
of developing TC. Importantly, interventions targeting weight reduction appear capable of reversing or
attenuating many obesity-related thyroid alterations. Integrating weight management into the evaluation and
treatment of thyroid disorders, alongside continued research into the underlying mechanisms and long-term
outcomes of obesity-targeted therapies, will be essential for optimizing care and refining clinical guidelines.
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