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Abstract: The incidences of thyroid cancer and diabetes are rapidly increasing worldwide. The relationship between thyroid cancer 
and diabetes is a popular topic in medicine. Increasing evidence has shown that diabetes increases the risk of thyroid cancer to a certain 
extent. This mechanism may be related to genetic factors, abnormal thyroid-stimulating hormone secretion, oxidative stress injury, 
hyperinsulinemia, elevated insulin-like growth factor-1 levels, abnormal secretion of adipocytokines, and increased secretion of 
inflammatory factors and chemokines. This article reviews the latest research progress on the relationship between thyroid cancer 
and diabetes, including the association between diabetes and the risk of developing thyroid cancer, its underlying mechanisms, and 
potential anti-thyroid cancer effects of hypoglycemic drugs. It providing novel strategies for the prevention, treatment, and improving 
the prognosis of thyroid cancer. 
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Introduction
Diabetes is a chronic metabolic disease characterized by elevated blood glucose levels and is the most common endocrine 
disease. The rapid development of the global economy has brought about lifestyle changes and accelerated aging population, 
resulting in an increasing prevalence of diabetes each year. About 537 million adults worldwide have diabetes, and type 2 
diabetes accounts for nearly 90%.1,2 Thyroid cancer is the most common malignant tumor of the endocrine system, and it 
originates from the thyroid follicular epithelial cells. In recent years, the incidence of thyroid cancer has increased significantly, 
making it the fastest-growing tumor globally. It is expected to become the fourth most common type of malignant tumor 
worldwide.3,4 Thyroid carcinoma encompasses various subtypes, including papillary thyroid carcinoma (PTC), follicular thyroid 
carcinoma, medullary thyroid carcinoma, and anaplastic thyroid carcinoma according to the histological origin. PTC is the most 
common subtype of thyroid carcinoma.5 The incidence of concurrent diabetes and malignant tumors is increasing worldwide. 
The correlation between diabetes and malignant tumors has always been a research hotspot in medicine. A century ago, some 
scholars have proposed that there may be a link between diabetes and malignant tumors.6 Clinical studies have confirmed that 
diabetes is a high-risk factor for various malignant tumors. Notably, the occurrence and development of breast, gastric, colorectal, 
and pancreatic cancers are closely associated with diabetes.7–10

Through an examination of the clinical data from patients with diabetes and thyroid cancer, we found that the risk of 
thyroid cancer was significantly increased in patients with diabetes. With the increasing incidence of thyroid cancer, it is 
necessary to analyze the correlation between thyroid cancer and diabetes to provide valuable insights for the prevention and 
improving prognosis of thyroid cancer. This article presents a comprehensive review of the latest research findings on the 
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association between thyroid cancer and diabetes, including the risk factors associated with the diseases, their shared 
pathogenesis, and the potential impact of hypoglycemic medications on thyroid cancer.

Diabetes as a Risk Factor of Thyroid Cancer
More and more studies have shown that diabetes can affect the risk of thyroid cancer (Table 1). A 10-year prospective 
study reported a 25% increased risk of thyroid cancer in patients with diabetes; the study also revealed that the risk of 
thyroid cancer in females with diabetes was significantly higher than that in males with diabetes.11 A retrospective cohort 
study demonstrated that although thyroid cancer is rare among men, those with diabetes had a 40% higher thyroid cancer 
risk than women, emphasizing that there is a significantly higher risk in patients with diabetes.12 Yeo et al observed that 
in areas with a high incidence of thyroid cancer, the risk of thyroid cancer in female patients with diabetes increased by 
30%, while the risk in male patients did not increase.13 Zhan et al observed that patients with a history of diabetes and 
high fasting blood glucose levels have a significantly increased risk of thyroid cancer.14

Furthermore, a systematic review and meta-analysis of thyroid cancer revealed that patients with insulin resistance and 
elevated blood glucose levels have a significantly increased risk of thyroid cancer.15 Seo et al reported that within a duration of 
up to 5 years, patients with type 2 diabetes have low risk of developing thyroid cancer, and this risk increased after receiving 
hypoglycemic drugs.16 Carstensen et al observed that, compared with the general population, female patients with type 1 
diabetes exhibited an elevated overall incidence and increased risk of thyroid cancer.17 Furthermore, research has demon-
strated that patients with diabetes not only have an increased risk of thyroid cancer but are also more likely to have lymph node 
and distant metastasis, which may lead to worse prognoses.16,18 Bezin et al observed that the use of a glucagon-like peptide-1 
receptor agonist increased the risk of all thyroid cancers, especially within 1–3 years of the drug use.22 The results of a meta- 
analysis of a cohort study showed that the risk of thyroid cancer increased in any type of diabetic patients compared with non- 
diabetic patients.19 A 14-year cross-sectional study found that diabetes increases the risk of thyroid cancer in women.20 

A prospective study on the risk of new-onset type 2 diabetes and cancer found that the risk of thyroid cancer in patients with 
type 2 diabetes increased significantly.21 Many studies have demonstrated an increased risk of thyroid cancer in patients with 
diabetes; however, prospective studies with large sample sizes are still needed to verify the correlation between diabetes and 
thyroid cancer risk and to explore the potential mechanism underlying their relationship.

The Underlying Mechanisms of Diabetes and Thyroid Cancer
Hereditary Factors
Uncoupling proteins (UCPs) are located in the inner mitochondrial membrane and belong to the mitochondrial 
transporter family. It is a homolog of proton transporters and an antioxidant that inhibits the production of reactive 
oxygen species (ROS) within the mitochondria. UCP-encoding gene is located on human chromosome 11.23–25 Studies 
have revealed that UCP2 polymorphism may play a pathological role in diabetes and cancer.26–28 Other studies have 
found a negative correlation between UCP2 and glucose-stimulated insulin secretion; UCP2 upregulation inhibits insulin 
secretion and increases the risk of type 2 diabetes.29,30 Studies have also reported that UCP2 promotes cell proliferation, 
which may be an important mechanism for promoting tumorigenesis. For instance, in a study on skin cancer, UCP2 
deficiency was found to inhibit skin cell proliferation, and when UCP2 was downregulated by miR-214 in hepatocellular 
carcinoma, cell proliferation was inhibited.31,32 Studies have found that UCP2 is a new therapeutic target for HER2- 
positive breast cancer, and UCP2 inhibitors can improve the efficacy of trastuzumab in the treatment of breast cancer.33 

Sithul et al found that the level of oxidative stress in tumor cells was significantly reduced after knocking out the UCP2 
gene of thyroid cancer cells, indicating that high expression of UCP2 in tumor cells may significantly increase the level 
of oxidative stress in cells, thereby promoting the proliferation of tumor cells.34 Li et al described the role of UCP2 gene 
in diabetes and cancer in detail, and found that UCP2 gene plays an important pathological role in diabetes and cancer.35 

UCP2 gene expression activity is regulated by many factors, such as ROS, free fatty acids and other factors.36 Excessive 
ROS accumulation in diabetic patients leads to an increase in UCP2 expression activity, which may eventually promote 
the carcinogenesis of thyroid cells. Since the role of UCP2 gene in cancer has only received attention in recent years, it is 
still necessary to further study how diabetes promotes the occurrence and progression of thyroid cancer through UCP2 
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Table 1 Studies on the Relationship Between Diabetes and the Risk of Thyroid Cancer

Reference Country Name of Study Study Design Number of Cases/Follow-Up Duration Estimated Risk

Aschebrook-Kilfoy et al11 USA Diabetes and Thyroid Cancer Risk 

in the National Institutes of Health- 
AARP Diet and Health Study

Prospective 

cohort study

200,556 women, 295,992 men 

Mean follow-up time: 10 years

Women:HR =1.46 (95% CI:1.01–2.10) 

Men:HR= 1.04 (95% CI:0.69–1.58)

Linkeviciute-Ulinskiene 
et al12

Lithuania Increased Risk of Site-Specific 
Cancer in People with Type 2 

Diabetes: A National Cohort Study

Retrospective 
cohort study

78,823 women, 48,467 men 
Cohort established by identifying T2DM 

patients during 2000–2012. Cohort exit 

date: date of death or 2012

Women:SIR =1.40 (95% CI:1.22–1.62) 
Men:SIR= 1.83 (95% CI:1.57–1.99)

Yeo et al13 USA, 

Denmark, 
Sweden, 

Israel, 

Canada, 
Taiwan, 

Norway, 

Austria 
Iceland, 

Italy

Diabetes mellitus and risk of thyroid 

cancer

A meta-analysis 1542 women, 506 men 

Retrieval time before July 2012.

Women:RR =1.38 (95% CI:1.13–1.67) 

Men:RR= 1.11 (95% CI:0.80–1.53)

Yin et al15 America, 

Asia, 

Europe

The association between thyroid 

cancer and insulin resistance, 

metabolic syndrome and its 
components

A systematic 

review and meta- 

analysis

2031 women, 907 men 

Retrieval time before January 2018

Women:RR =1.49 (95% CI:0.95–2.34) 

Men:RR= 1.12 (95% CI:1.01–1.25)

Seo et al16 Korea The Association between Type 2 
Diabetes Mellitus and Thyroid 

Cancer

Case-control 
study

415 thyroid cancer,415 non-thyroid cancer Women: OR =0.4 (95% CI:0.20–0.81) 
Men: OR = 1.00 (95% CI:0.58–1.74)

Carstensen et al17 Australia, 

Denmark, 

Finland, 
Scotland, 

Sweden

Cancer incidence in persons with 

type 1 diabetes

Population-based 

cohort study

3.9 million person-years 

Follow up until death or end of study

Women:HR =1.51 (95% CI:1.34–1.72) 

Men:HR= 1.25 (95% CI:0.97–1.61)

(Continued)
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Table 1 (Continued). 

Reference Country Name of Study Study Design Number of Cases/Follow-Up Duration Estimated Risk

Li et al18 USA, 

China 

Iceland, 
Denmark, 

Norway, 

Austria, 
Sweden, 

Israel, 

Canada, 
Japan

Association of diabetes mellitus with 

thyroid cancer risk

A meta-analysis of 

cohort studies

10,725,884 patients. 

Retrieval time before July 2016

Women:RR =1.11 (95% CI:1.06–1.17) 

Men:RR= 1.14 (95% CI:1.00–1.30)

Dong et al19 Lithuania 
Canada 

China 

Finland 
Korea 

Denmark 

USA, 
Israel

Different types of diabetes mellitus 
and risk of thyroid cancer

A meta-analysis of 
cohort studies

The sample size of the included studies was 
greater than 300,000. The mean follow-up 

time ranged from 3.0 to 20.8 years

Women: HR = 1.36 (95% CI, 1.22–1.52) 
Men: HR = 1.26 (95% CI, 1.12–1.41)

Saewai et al20 USA Diabetes Mellitus as Cancer Risk A Cross-Sectional 
Analysis

29,314 diabetes patients. 
Diagnosed diabetes in 2004–2018 Follow- 

up to diagnosed cancer

Women: SIR = 3.51 (95% CI: 3.12–3.96) 
Men: SIR = 2.99 (95% CI:2.65–3.39)

Hu et al21 USA Incident Type 2 Diabetes Duration 

and Cancer Risk

A Prospective 

Study in Two US 

Cohorts

113 429 women,45604men. The follow-up 

time was the date of cancer diagnosis or 

death.

Women: HR = 1.50 (95% CI, 0.99–2.27) 

Men: HR = 1.45 (95% CI, 0.66–3.17)

Abbreviations: HR, Hazard ratio; SIR, site-specific standardized incidence ratio; OR, odds ratio; RR, relative risk.
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gene. Thyroid cancer is the fourth most common type of cancer worldwide. Investigating the molecular-level correlation 
between thyroid cancer and diabetes at the molecular level, particularly the expression of UCP2, could provide insights 
into their relationship.

Abnormal Secretion of Thyroid-Stimulating Hormone
Thyroid-stimulating hormone (TSH) is a thyroid cell growth factor secreted by the adenohypophysis that plays a crucial 
role in the malignant transformation of thyroid follicular cells. It activates adenylate cyclase by binding to TSH receptors 
and increases cyclic adenosine monophosphate and protein kinase A levels, thereby regulating the growth and prolifera-
tion of thyroid cells.37 Studies have demonstrated that patients with poorly controlled blood glucose in type 2 diabetes 
have a high risk of subclinical hypothyroidism, and this risk increases with the increase of glycosylated hemoglobin.38 

Adhami et al reported that the concentration of TSH in plasma is closely related to the occurrence and development of 
thyroid cancer and that high levels of TSH promote the proliferation, invasion, and metastasis of tumor cells.39 A case- 
control study revealed that elevated or decreased TSH levels increased the risk of thyroid cancer, and the risk of cervical 
lymph node metastasis in thyroid cancer is closely related to high plasma TSH levels.40 Since subclinical hypothyroidism 
is the most common thyroid dysfunction in patients with diabetes, the majority of patients with diabetes and thyroid 
dysfunction have elevated plasma TSH levels, and high levels of TSH may promote tumor cell growth and accelerate 
tumor metastasis. Therefore, diabetes may lead to carcinogenesis of the thyroid follicular epithelium by affecting the 
secretion of TSH, and high levels of TSH may affect the prognosis of thyroid cancer. Song et al revealed that the thyroid 
cancer cells stimulated by TSH activate protein kinase B (PKB) and extracellular signal-regulated kinase (ERK) 
signaling pathways to promote the secretion of vascular endothelial growth factor and CXC chemokine ligand 8, thereby 
accelerating vascular growth and ultimately accelerating the proliferation of tumor cells.37 Zou et al observed that TSH 
downregulates the expression of p53 in thyroid cancer through the mitogen-activated protein kinases and phosphoinosi-
tide 3-kinases (PI3K)/PKB signaling pathways to overcome Braf (V600E)-induced apoptosis, thereby accelerating the 
progression of thyroid cancer.41 A survey of patients with thyroid cancer found that 80.4% of doctors recommended TSH 
suppression therapy for patients with moderate-risk papillary thyroid cancer, 48.8% recommended TSH suppression 
therapy for patients with low-risk papillary thyroid cancer, and 29.7% recommended TSH suppression therapy for 
patients with very low-risk papillary thyroid cancer.42 Therefore, abnormal TSH secretion may affect the correlation 
between diabetes and thyroid cancer, and it is extremely important to control the plasma concentration of TSH in patients 
with confirmed thyroid cancer.

Oxidative Stress Injury
Oxidative stress refers to an imbalance between the oxidation and antioxidant systems in cells and tissues, caused by the 
excessive production or insufficient clearance of ROS and other active free radicals from the body. Hyperglycemia in 
patients with diabetes can induce the accumulation of ROS through sugar autooxidation, activation of the polyol 
pathway, generation of angiotensin-converting enzymes (ACEs), activation of protein kinase C, and non-enzymatic 
glycosylation of proteins, thereby increasing the level of oxidative stress.43,44 Studies have reported that islet β-cells are 
directly or indirectly affected by oxidative stress, resulting in impaired cell function, which in turn leads to decreased 
sensitivity of peripheral tissues to insulin and ultimately accelerates the progression of diabetes.45 Many studies have 
revealed that patients with diabetes have increased levels of ROS and oxidative stress, which in turn affect cell growth 
and proliferation and lead to cell DNA mutations, which may play a role in the initiation and progression of multistage 
carcinogenesis46–48 (Figure 1). Other studies have revealed that the accumulation of ROS can lead to BRAFV600E 
mutations, which have a great impact on the prognosis of thyroid cancer.49–51 Zhang et al demonstrated that oxidative 
stress can induce the expression of protein tyrosine phosphatase non-receptor type 2 (PTPN2), one of the protein tyrosine 
phosphatases (PTPs), and the upregulated PTPN2 can promote thyroid cancer progression.52 Tabur et al reported that 
patients with thyroid cancer had severe oxidative damage to their DNA and impaired antioxidant status. The levels of 
DNA oxidative damage and oxidative stress index in the thyroid cancer group before and after surgery were significantly 
higher than those in the healthy control group, and the levels of DNA oxidative damage and oxidative stress in the 
thyroid cancer group after surgery were lower than those in the same group before surgery.53 Furthermore, Ziros et al 
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observed that excess oxygen free radicals act as signal transduction molecules to activate the nuclear transcription-related 
factor 2-antioxidant response element system to regulate gene transcription, generate a variety of Phase II detoxification 
enzymes and antioxidants, and increase the incidence and treatment resistance of thyroid cancer.54 Oxidative stress injury 
is believed to play a role in the pathogenesis of diabetes and thyroid cancer.

Hyperinsulinemia and Elevated Insulin-Like Growth Factor-1
In patients with type 2 diabetes, the efficiency of insulin in promoting glucose uptake and utilization is reduced, resulting 
in the compensatory secretion of large amounts of insulin leading to hyperinsulinemia. Insulin-like growth factors (IGFs) 
are mitogens that regulate cell proliferation, differentiation, and apoptosis. IGF-1 is a member of the IGF family of 
proteins. Studies have demonstrated that IGF-1 ligands and receptors are highly expressed in thyroid cancer cells.55 IGF- 
binding protein-1 is inhibited in patients with hyperinsulinemia, thus the biological activity of IGF-1 increases, 
promoting tumor growth.56 Studies have revealed that hyperinsulinemia caused by diabetes stimulates the secretion of 
IGF-1 in the liver and that insulin regulates the metabolism, accelerates the proliferation of S-phase cells, increases 
neovascularization, and inhibits apoptosis.57,58 Insulin and IGF-1 have long been known to induce protein and DNA 
synthesis in human thyroid cells.59 Studies have shown that hyperinsulinemia may change the blood flow pattern of 
thyroid nodules, thereby altering the distribution, density, and structure of thyroid blood vessels, which may affect the 
growth and development of thyroid nodules.60,61 Moreover, studies have found that IGF-1 plays an important role in the 
development of cancer; high concentrations of IGF-1 in the plasma can significantly increase the risk of prostate, 
colorectal, and breast cancer.62–64 A high concentration of IGF-1 in the plasma can significantly promote the proliferation 
of thyroid cells and the migration of tumor cells. The mechanism may be attributed to the activation of the insulin and 
IGF-1 receptors and the downstream PI3K/PKB signaling pathway, thereby inhibiting the activity of the tumor 
suppressor FoxO3a.65–67 The PI3K/PKB signaling pathway promotes cell proliferation, accelerates cell metabolism, 
and repairs cells. Overexpression of the PI3K/PKB signaling pathway in patients with thyroid cancer indicates that 

Figure 1 The mechanism of oxidative stress injury in diabetes and thyroid cancer. 
Note: Data from these studies.46–48
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hyperinsulinemia and elevated IGF-1 levels may play a role in the pathogenesis of thyroid cancer by affecting these 
signaling pathways.

Abnormal Secretion of Adipocytokines
Leptin, also known as the OB protein or obestatin, is a multifunctional polypeptide encoded by the obesity gene and secreted 
by adipocytes. It is a bioactive molecule that binds to receptors in the body and acts on the hypothalamus to inhibit appetite. 
Additionally, it regulates insulin secretion and promotes cell proliferation and angiogenesis.68 A cross-sectional study 
demonstrated that leptin levels were significantly higher in patients with type 2 diabetes than in those without type 2 
diabetes.69 High expression of leptin receptors occurs in thyroid cancer cells, and high concentrations of leptin promote the 
proliferation of thyroid cancer cells and increase the risk of distant metastasis by activating important signaling pathways, such 
as PI3K/PKB and ERK/MAPK.70–72 Many studies have shown that leptin is an adipocyte-derived cytokine that may be 
directly related to the occurrence and progression of thyroid, breast, and esophageal cancer.73–75 Leptin interacts with many 
factors during the carcinogenic stage and participates in important signaling pathways involved in the occurrence and 
development of cancer. The relationship between leptin and thyroid, liver, breast, lung, prostate, pancreatic, and colorectal 
cancer has been confirmed in many studies.76,77 The leptin level in patients with diabetes is significantly higher than that in 
healthy individuals, and the leptin receptor is highly expressed in thyroid cancer cells. Therefore, high concentrations of leptin 
may promote the occurrence of thyroid cancer, indicating that an abnormal increase in leptin levels in patients with diabetes 
may be related to the occurrence and development of thyroid cancer.

Adiponectin (APN), also known as adipocyte complement-related protein, is a protein hormone secreted by adipocytes 
that has anti-diabetic, anti-vascular sclerosis, anti-inflammatory, and anti-tumor effects.78 Bidulescu et al reported that APN 
levels in patients with type 2 diabetes were significantly lower than those in patients without type 2 diabetes.79 The anti-tumor 
effect of APN may act directly on tumor cells through receptor-mediated pathways or indirectly on tumor cells by regulating 
insulin sensitivity and affecting tumor angiogenesis.80 APN inhibits the proliferation of tumor cells in patients with breast, 
prostate, and colorectal cancers by affecting various intracellular signaling pathways. Additionally, APN levels are negatively 
correlated with thyroid cancer and play a protective role.73,81,82 Furthermore, studies have revealed that patients with thyroid 
cancer who exhibit high expression of APN receptors have a better prognosis, Conversely, the level of APN in patients with 
diabetes is significantly decreased, which weakens the anti-tumor effect of APN and may lead to the occurrence and 
progression of thyroid cancer.83–85 Therefore, a significant decrease in the APN levels in patients with diabetes may play 
a role in the pathogenesis of thyroid cancer.

Resistin is an adipokine produced by human adipocytes, monocytes, and macrophages that can promote cell proliferation, 
resist apoptosis, promote inflammation, and participate in angiogenesis.86 It can affect the cell cycle and apoptosis through 
various mechanisms, thereby promoting tumor cell growth.87,88 Studies have found that resistin is abundantly expressed in 
breast cancer cells, and its expression level is positively correlated with tumor stage, size, and lymph node metastasis; 
similarly, patients with breast cancer with high resistin expression have a worse prognosis.89,90 Many studies have demon-
strated that the concentration of resistin in patients with type 2 diabetes is higher than that in patients without type 2 diabetes, 
and the level of resistin in the plasma of patients with cancer is significantly higher than that in healthy controls, indicating that 
diabetic patients with high concentrations of resistin may be more prone to cancer than the healthy individuals.91–93 Studies 
have revealed that resistin can stimulate the nuclear factor kB (NF-kB) signaling pathway by acting on Toll-like receptor 4 
(TLR4), resulting in the production of interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α). However, IL-6 and TNF-α 
promote the proliferation of thyroid tumor cells, indicating that resistin can indirectly promote the development and 
progression of thyroid cancer.94,95 Many studies have demonstrated that resistin indirectly participates in cell proliferation 
and tumorigenesis by promoting the secretion of various inflammatory factors and the development of hyperinsulinemia.96,97 

Abnormal resistin levels in patients with diabetes may accelerate the development of thyroid cancer. Therefore, neutralizing 
resistin may be a promising strategy for treating thyroid cancer.

Increased Secretion of Inflammatory Factors and Chemokines
Long-term hyperglycemia in patients with diabetes activates the growth factor cascade in the body through neurohumoral 
regulation, thereby increasing the production of inflammatory cytokines and chemokines. Studies have demonstrated that 
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diabetes can promote the secretion of VEGF, IL, TNF, NF-kB, and other inflammatory factors and chemokines, and these are 
closely related to the occurrence of tumors98,99 (Figure 2). Additionally, NF-kB is a regulatory factor that inhibits apoptosis. 
A large increase in NF-kB is beneficial to the survival of thyroid tumor cells and upregulates VEGF expression, which in turn 
induces increased angiogenesis and lymph node metastasis in thyroid tumor tissues.100 TNF-α is a cell-signaling protein mainly 
produced by T lymphocytes, natural killer (NK) cells, and activated macrophages. A meta-analysis revealed that the concentra-
tion of TNF-α in patients with thyroid cancer was significantly higher than that in the healthy control group. Overexpression of 
TNF-α in patients with thyroid cancer induces the excessive expression of TNF-α induced VEGF, promoting the proliferation of 
thyroid tumor cells and facilitating distant metastasis of tumor cells.71 IL-6 is a pleiotropic cytokine that interferes with cell 
growth and differentiation. Studies have confirmed that IL-6 increases the risk of breast, liver, esophageal, and other cancers.101 

Other studies have demonstrated that IL-6 increases the invasiveness of thyroid tumor cells by activating the MAPK and JAK- 
STAT3 signaling pathways, resulting in the overexpression of the transcription factors p-c-Jun and p-stat3. These transcription 
factors bind to the promoter programmed cell death 1 ligand 1 (PD-L1) to enhance gene transcription.95,102,103 IL-8 is 
a chemokine that promotes mitosis, inflammation and angiogenesis. Liotti et al reported that IL-8 was overexpressed in patients 
with thyroid cancer, and it directly and indirectly, participates in the growth and migration of thyroid tumor cells. Overexpression 
of IL-8 is significantly correlated with thyroid cancer prognosis.104 Therefore, significantly increased levels of inflammatory 
factors and chemokines in patients with diabetes may be risk factors for the occurrence and progression of thyroid cancer.

Anti-Thyroid Cancer Effects of Some Hypoglycemic Drugs
Thiazolidinediones
Thiazolidinediones (TZDs) are selective agonists of peroxisome proliferator-activated receptor γ (PPARγ), which improve 
glucose and lipid metabolism by increasing the sensitivity of target cells to insulin when activated.105 It is worth noting that the 
use of thiazolidinediones in diabetic patients is declining significantly and is even almost completely removed from the 
market.106,107 Studies have revealed that activated PPARγ can inhibit tumorigenesis through anti-angiogenic and anti- 
inflammatory effects and can also control the tumor microenvironment by regulating the function of tumor cells, ultimately 

Figure 2 Increased secretion of inflammatory factors and chemokines promotes the occurrence and progression of thyroid cancer. 
Note: Data from these studies.98,99
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playing a role in resisting tumor metastasis.108,109 Lv et al reported that rosiglitazone and pioglitazone can inhibit the PI3K/PKB 
signaling pathway by activating PPARγ, thereby inducing cell cycle G2 arrest and apoptosis of the bladder cancer cells, 
ultimately inhibiting cell proliferation in vitro and tumor cell growth in vivo.110 Kebebew et al observed that rosiglitazone 
treatment increased the uptake of radioactive iodine in patients with partially differentiated thyroid cancer and reduced serum 
thyroglobulin levels, which may assist in the treatment of patients with radioactive iodine-negative thyroid cancer.111 Studies 
have demonstrated that the use of rosiglitazone can reduce the risk of thyroid cancer in patients with type 2 diabetes, particularly 
in patients older than 50 years.112 Chen et al demonstrated that high expression of PPARγ in patients with thyroid cancer can 
significantly improve their recurrence-free survival. The study also revealed that rosiglitazone treatment could inhibit the growth 
of thyroid cancer cells and increase the expression of sodium/iodide cotransporter, thereby improving the prognosis of patients 
with thyroid cancer.113 A basic study found that Lobeglitazone can inhibit the migration and invasion of thyroid cancer by 
inhibiting the P38 MAPK signaling pathway.114 Tsubaki et al demonstrated that pioglitazone induces apoptosis through 
a PPARγ-independent pathway, thus describing pioglitazone as a potential therapeutic drug for controlling the progression of 
different cancers.115 With an in-depth research on TZDs, these may potentially develop as chemotherapeutic drugs for thyroid 
cancer in the future.

Metformin
Metformin primarily increases glucose uptake in peripheral tissues, reduces liver glycogen output, inhibits gluconeogenesis, 
and reduces intestinal glucose absorption. It is the most commonly used first-line treatment for type 2 diabetes and is 
a potential anticancer drug.116,117 The viability of thyroid cancer cells decreased gradually with increasing metformin dose, 
and the apoptosis rate of cancer cells increased with increasing metformin concentration. This may be attributed to the 
downregulation of low-density lipoprotein receptor-related protein 2, which blocks the c-Jun N-terminal kinase signaling 
pathway to inhibit the proliferation of thyroid cancer cells and induce apoptosis.118 Ye et al demonstrated that metformin 
inhibits the proliferation of thyroid cancer cells and induces apoptosis in a concentration- and time-dependent manner. The 
mechanism may involve increasing the apoptosis of thyroid cancer cells and inhibiting their proliferation by activating 
endoplasmic reticulum stress-related pathways.119 Many studies have demonstrated that metformin can reduce the expression 
of the proto-oncogenes Cyclin D1 and c-Myc by inhibiting the mTOR signaling pathway, thereby inhibiting the proliferation, 
migration, and epithelial-mesenchymal transition of thyroid cancer cells.117,120,121 Therefore, metformin and its molecular 
targets may contribute to the treatment of thyroid cancer. One study reported that the use of metformin in the treatment of 
patients with thyroid cancer can reduce tumor volume, and the lack of metformin treatment is an independent risk factor for 
reducing the complete remission rate and shortening progression-free survival in thyroid cancer.122,123 Cho et al observed no 
significant decrease in the risk of thyroid cancer in patients with early-stage diabetes receiving metformin; however, the effect 
of metformin on thyroid cancer was time- and concentration-dependent, leading to an overall significant reduction in the risk 
of thyroid cancer.124 Therefore, metformin may be preferred as a treatment for patients with diabetes and thyroid cancer. The 
role and advantages of metformin in the treatment of thyroid cancer are becoming increasingly prominent, offering new 
perspectives for the clinical management of thyroid cancer in the future.

Alpha-Glucosidase Inhibitors
The hypoglycemic principle of α-glucosidase inhibitors is to inhibit glycosidase at the brush border of the small intestinal 
mucosa, thereby reducing the intestinal absorption of glucose by blocking the hydrolysis of complex carbohydrates.125 Zhan 
et al conducted a study on studying mouse colon cancer and melanoma models and demonstrated that acarbose significantly 
inhibited tumor growth and further enhanced the therapeutic effect of anti-PD1, indicating that acarbose has the potential to be 
used in clinical tumor treatment.126 Lai et al reported that the use of acarbose significantly reduced the risk of lung cancer in 
patients with diabetes in a randomized controlled trial.127 Further, Tseng et al observed that acarbose dose-dependently 
reduced the risk of colorectal cancer by approximately 27% in patients with diabetes.128 Acarbose, the most widely used α- 
glucosidase inhibitor in clinical practice, has been demonstrated to reduce the thyroid cancer metastasis risk; however, this risk 
is greater among diabetic patients with thyroid cancer compared to those without; nevertheless, acarbose use was demon-
strated to significantly lower invasive tumor growth risk in patients with thyroid cancer compared to those who received other 
hypoglycemic drugs due to its intestinal flora interaction effects inhibiting thyroid cell proliferation.129,130 However, due to 
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limited clinical trials and lack of understanding of the pathological mechanisms of acarbose, further large-sample, multicenter 
studies are required to verify the effects of acarbose on thyroid cancer cells growth and its potential to reduce the risk of distant 
metastasis in thyroid cancer.

Conclusions
A complex relationship exists between diabetes and thyroid cancer. Diabetes increases the risk of thyroid cancer, which may be 
associated with genetic factors, abnormal TSH secretion, oxidative stress injury, hyperinsulinemia, elevated IGF-1 levels, 
abnormal secretion of adipocytokines, and increased secretion of inflammatory factors and chemokines. Additionally, diabetes 
is closely associated with the occurrence, development, and prognosis of thyroid cancer. The correlation between thyroid cancer 
and diabetes still requires further investigation and improvement. In addition to the conducting more large-sample prospective 
studies to confirm the potential association between thyroid cancer and diabetes, we also need to focus on an in-depth exploration 
of preventive measures to effectively manage the risk of thyroid cancer in patients with diabetes. Furthermore, the potential 
common pathogenesis between thyroid cancer and diabetes suggests that there may be shared underlying mechanisms. The use of 
certain hypoglycemic drugs reduces the risk of thyroid cancer and distant metastasis. Therefore, conducting more large-sample 
multicenter clinical trials and mechanistic studies on hypoglycemic drugs may help identify novel targets for thyroid cancer 
treatment, providing new directions for the clinical prevention and treatment of thyroid cancer.
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