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Abstract 

Diabetes mellitus and thyroid problems frequently coexist and have a tight connection. 

Studies have indicated that persons with diabetes mellitus are more likely to have thyroid 

issues than vice versa. With its effects on pancreatic beta-cell formation and glucose 

metabolism in a number of organs, including the liver, gastrointestinal tract, pancreas, 

adipose tissue, skeletal muscles, and the central nervous system, thyroid hormone influences 

glucose homeostasis. The impact of thyroid hormone on glucose homeostasis is covered in 

this review. We also go through recommendations for thyroid function testing in each 

problem, as well as the connection between thyroid dysfunction and diabetes mellitus, 

including type 1, type 2, and gestational diabetes. The following are the results of a survey 

conducted by the American Psychological Association. 
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Introduction 

Diabetes mellitus (DM) and thyroid problems are two common chronic endocrine conditions 

that frequently coexist. Compared to the general population, people with type 1 diabetes 

mellitus (T1DM) [1] and type 2 diabetes mellitus (T2DM) [2] have a higher prevalence of 

thyroid abnormalities. Moreover, patients with thyroid conditions have a higher prevalence of 

DM [3]. This trend may be explained by increased medical surveillance of patients with 

diabetes or thyroid disorders, but there are also possible pathophysiological explanations for 

the development of thyroid disorders in patients with diabetes as well as the elevated risk for 

developing DM in people with thyroid disorders. While the relationship between T2DM and 

thyroid problems is more complicated, autoimmunity is a key factor in understanding the link 

between T1DM and auto-immune thyroid disease (AITD).  

The purpose of this article is to review the connections between thyroid dysfunction and 

changes in glucose homeostasis, including diabetes. 

 

THYROID HORMONE AND GLUCOSE HOMEOSTASIS 

 

Blood sugar homeostasis 

By removing glucose from the bloodstream and adding it back in, plasma glucose levels are 

maintained. Glycogenolysis, gluconeogenesis, and intestinal absorption during the fed state 

are the sources of the glucose that enters the bloodstream. The amount of glucose that enters 

the bloodstream depends primarily on how quickly the stomach empties, but other important 

sources include the liver's breakdown of glycogen (glycogenolysis) and the production of 

glucose from non-carbohydrate substrates like lactate, amino acids, and glycerol 

(gluconeogenesis) [4]. In order to sustain life in animals, blood glucose levels must be tightly 

regulated, a process known as glucose homeostasis. The brain, pancreas, liver, gut, adipose, 

and muscular tissue all release hormones and neuropeptides in balance to accomplish this [5]. 
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The two hormones that matter most for maintaining glucose homeostasis are insulin and 

glucagon. A hormone produced by the pancreatic beta-cells, insulin lowers blood sugar levels 

in three different ways: by encouraging glucose uptake by cells in insulin-sensitive peripheral 

tissues, such as skeletal muscle and adipocytes; by promoting the storage of glucose as 

glycogen or conversion of glucose to fatty acids in the liver; and by suppressing postprandial 

glucagon secretion [6]. 

 

Pancreatic beta-cells release glucagon, which is crucial for maintaining plasma glucose levels 

while fasting. As the amount of plasma glucose falls below the usual range, glucagon 

secretion increases, which causes the liver to produce more glucose and raise the level of 

plasma glucose back to the normal range [7]. 

 

Other glucoregulatory hormones, including as amylin, glucagon-like peptide-1 (GLP-1), 

gastric inhibitory polypeptide (GIP), epinephrine, cortisol, and growth hormone, also affect 

glucose homeostasis (GH). In response to nutritional cues, pancreatic -cells co-secrete insulin 

and amylin, which have been isolated from pancreatic amyloid deposits [8]. Amylin 

decreases food intake and body weight by slowing stomach emptying and stifling 

postprandial glucagon secretion [7]. L-cells in the gut secrete the incretin hormones GLP-1 

and GIP. GIP increases insulin secretion, however it has no effect on glucagon or stomach 

emptying. GLP-1 reduces postprandial glucagon secretion in addition to stimulating glucose-

dependent insulin secretion. Moreover, it delays stomach emptying and lowers food intake, 

which in turn lowers body weight [9]. 

 

The central nervous system can also detect blood glucose levels [10]. The ventromedial 

hypothalamus causes the release of hormones that regulate metabolism in response to low 

plasma glucose [11]. Plasma glucose levels increase after a meal as a result of glucose 

absorption. Pancreatic beta-cells produce insulin in response to rising blood glucose levels. 

Insulin enhances the uptake of glucose and its conversion to glycogen or triglycerides by 

skeletal muscle and adipose tissue. It also boosts the liver's capacity to remove glucose 

through lipogenesis and glycogen synthesis. In contrast, during a fasting state, glucagon is 

released to boost blood glucose levels through glycogenolysis. Hepatic gluconeogenesis 

(Figure. 1) produces glucose when fasting is prolonged [7].  
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Figure 1: In fed and fasted conditions, insulin and glucagon maintain blood glucose levels. 

Effects of thyroid hormone on pancreatic beta-cell 

 

The growth and operation of pancreatic-cells have been linked to TH action in several studies 

[12]. Thyroid hormone receptors are present in newborn -cells (THRs). The function of TH 

and THRs in the development of postnatal rat pancreatic β-cells has been discussed by 

Aguayo-Mazzucato et al. [13]. Triiodothyronine (T3) specifically promotes β -cell 

proliferation from conception through the first week of life. Moreover, THR interacts directly 

with the MAFA promotor of the MAF bZIP transcription factor. T3 also boosts insulin 

production that is induced by glucose in a lab setting. In vivo, T3 treatment improves glucose 

intolerance in streptozotocin-induced diabetic mice by acting on a pro-survival, anti-apoptotic 

factor for β-cells [14]. 

 

Thyroid hormone's side effects on insulin resistance and secretion TH influences insulin 

secretion and glucose uptake by diverse actions in the gastrointestinal tract, liver, skeletal 

muscles, and adipose tissue. Through enhancing gastrointestinal motility, TH improves 

glucose absorption [15]. It boosts the expression of the glucose transporter 2 (GLUT2) in the 

liver, which in turn enhances the endogenous synthesis of glucose by increasing 

gluconeogenesis and glycogenolysis. This increases hepatic glucose output. By boosting the 

activity of the enzyme that promotes gluconeogenesis, phosphoenolpyruvate carboxykinase 

(PEPCK), T3 also boosts hepatic gluconeogenesis [16]. 

 

Peripheral insulin resistance is also brought on by accelerated glycogenolysis and 

gluconeogenesis, which also cause hyperinsulinemia and glucose intolerance [16]. The 

hormone TH boosts lipolysis in adipose tissue, which raises free fatty acid levels and 

activates hepatic gluconeogenesis [17]. Moreover, pancreatic -cells are directly stimulated by 

TH to secrete more glucagon and insulin [16]. The expression of the GLUT4 gene and 

glucose absorption in skeletal muscles are both increased by hyperthyroidism [16]. 

 

Key connections between thyroid hormones and the control of lipids and glucose 

Key connections between thyroid hormones and the control of lipids and glucose 
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The paraventricular nucleus (PVN) of the hypothalamus and the liver are connected by a 

sympathetic route, which T3 can use to centrally influence glucose synthesis. Independent of 

glucoregulatory hormones, T3 in the hypothalamic PVN stimulates hepatic glucose synthesis 

[Figure 1; 18]. 

 

 
Figure 2: Thyroid hormone's effects on the metabolism of glucose. 

 

THYROID CONDITIONS AND TYPE 2 DIABETES 

DM and thyroid issues are tightly related. Many studies have shown that both T1DM and 

T2DM have greater rates of thyroid dysfunction. Depending on the demographic being 

investigated, thyroid problems are more or less common in DM patients. 13.4% of adult 

diabetes patients with diabetes were found to have thyroid illness overall, according to a 

comprehensive clinical investigation. 

 

8.8% of men and 16.8% of women had T1DM, which had a frequency of 31.4%, and 6.9% 

had T2DM [20]. An 11% prevalence of thyroid disorders was found in 10,920 DM patients 

after a meta-analysis of all available data. T1DM and T2DM were equally prevalent in this 

study, while the prevalence in women was more than double that of men [21]. According to a 

survey of the entire Danish health register, thyroid conditions raise the risk of diabetes 

mellitus. Hyperthyroid people were 43% more likely to be diagnosed with DM in an 

observational cohort analysis of 2,631 hyperthyroid singletons and 375 twin pairs discordant 

for hyperthyroidism [4]. A separate observational cohort study of 2,822 hypothyroid patients 

found that their prevalence of diabetes was 40% higher than that of controls [6]. 

 

T1DM and thyroid conditions 

 

AITD and Type 1 diabetes mellitus co-occurring 

T1DM, which makes up 5% to 10% of diabetes cases, is caused by the autoimmune 

destruction of pancreatic -cells on a cell-by-cell basis [22]. Autoantibodies to the tyrosine 

phosphatase-related islet antigens IA-2 and IA2b, insulin, glutamic acid decarboxylase 65 

(GAD65), and zinc transporter 8 are examples of related autoimmune indicators (ZnT8). 

Other autoimmune diseases, such as Hashimoto thyroiditis, Graves' disease, celiac disease, 

Addison disease, autoimmune hepatitis, vitiligo, myasthenia gravis, and pernicious anaemia 

are also more likely to occur in T1DM patients [1]. Target-organ autoimmune illnesses AITD 

and T1DM share a relationship; AITD is detected in 17% to 30% of persons with T1DM, and 
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both autoimmune hypothyroidism and hyperthyroidism are associated with an elevated risk 

[23]. 

 

The expression of thyroid autoantibodies such as thyroid peroxidase antibody (TPO Ab) and 

thyroglobulin antibody (TG Ab) is related to this connection [24]. TPO Ab and Tg Ab were 

the most prevalent autoantibodies, accounting for 29% of the population of 814 people with 

T1DM in a study that assessed the prevalence of different autoantibodies [25]. 

 

There is strong evidence that the two diseases are genetically related [26]. These two illnesses 

usually affect the same family and sometimes even the same person. As a phenotype 

categorised as one of the autoimmune polyglandular syndrome 3 variants (APS3), 

specifically APS type 3A, AITD and T1DM frequently affect the same person or multiple 

members of the same family [27]. T1DM and AITD are both multifactorial autoimmune 

endocrine illnesses, meaning that a variety of susceptibility genes and environmental 

variables have a role in the development of the diseases. Major genes found to contribute to a 

combined susceptibility for T1DM and AITD include the human leukocyte antigen (HLA) 

class II, cytotoxic T lymphocyte antigen-4 (CTLA-4) (on chromosome 2q33), protein 

tyrosine phosphatase non-receptor type 22 (PTPN22) (1p13), forkhead box P3 (FOXP3) (Xp 

11), and interleukin 2 receptor [28]. 

These genes affect T cell function due to their immunological connections. While CTLA-4 is 

produced on T cells and functions as a costimulatory receptor that downregulates T cells, the 

HLA-DR molecules deliver autoantigens to T cells. The development of regulatory T cells is 

regulated by FOXP3 and PTPN22, while autoreactive T cells are actively suppressed by IL-

2R via CD25 (the chain of the high-affinity IL-2 receptor) [29]. 

 

Thyroid dysfunction screening advice for people with T1DM 

Particularly in those with positive TPO Abs, T1DM is more prone to thyroid dysfunction 

[25]. Some patients' thyroid conditions may be asymptomatic or may have symptoms that are 

concealed by signs of poorly controlled diabetes. As a result, a thyroid disease diagnosis 

based solely on symptoms may be missed in T1DM. In such cases, routine screening may aid 

in the diagnosis of thyroid illness. The American Thyroid Association (ATA) currently 

advises screening for thyroid dysfunction in children, adolescents, and adults with T1DM 

[30]. 

 

T2DM and thyroid conditions 

 

Insulin resistance and thyroid issues 

Insulin resistance, a disease of glucose homeostasis, is characterized by a reduced metabolic 

response to insulin in peripheral tissues such muscle, liver, and adipose [30]. Pancreatic beta-

cells increase insulin secretion to overcome insulin resistance and maintain glucose 

homeostasis, which results in persistent hyperinsulinemia. Insulin resistance contributes to 

the development of T2DM. In addition to people with DM who have received a clinical 

diagnosis, thyroid function is linked to insulin resistance in people who have normal glucose 

tolerance as well [31]. Although through various methods, both hyperthyroidism and 

hypothyroidism can influence insulin resistance. 

 

T2DM and thyrotoxicosis 

Compared to the general population, diabetes patients have a higher prevalence of 

hyperthyroidism. Those with T2DM were 4.4% more likely to have hyperthyroidism than the 

overall US population, which reported a 1.3% prevalence rate [2,21]. It is known that 
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thyrotoxicosis can cause hyperglycemia through a number of different mechanisms [32]. 

Recognized to cause hyperglycemia through a number of mechanisms [33]. A surplus of TH 

can boost the liver's ability to produce glucose by enhancing gluconeogenesis and 

glycogenolysis, as well as the concentration of free fatty acids by encouraging lipolysis [16]. 

Although thyrotoxicosis similarly speeds up insulin breakdown and shortens the half-life of 

insulin, TH promotes insulin production and causes hyperinsulinemia [33]. 

 

T2DM and hypothyroidism 

Compared to the general population, people with diabetes have a higher prevalence of 

hypothyroidism. Between 5.7% and 25.3% of T2DM patients have hypothyroid, according to 

reports [34]. These wide variations could be attributed to variations in the surveyed 

populations' ages, sexes, and levels of iodine intake [35]. When a person is older, female, has 

a family history of thyroid disease, and tests positive for TPO Ab, their likelihood of having 

hypothyroidism increases [36].  

 

Insulin sensitivity is improved when hypothyroidism is treated and returns to a condition of 

euthyroid function [37]. Hypothyroidism is linked to insulin resistance and glucose 

intolerance. In contrast to thyrotoxicosis, hypothyroidism has a different aetiology for insulin 

resistance. Impaired peripheral glucose assimilation, delayed gastrointestinal glucose 

absorption, and gluconeogenesis are all effects of hypothyroidism [38]. Because skeletal 

muscle and adipose tissue are less sensitive to insulin, insulin resistance is believed to be 

linked to reduced glucose disposal [21]. With subclinical hypothyroidism, the glucose 

metabolism also deteriorates. One meta-analysis study found that T2DM patients had a 1.93-

fold higher likelihood of developing subclinical hypothyroidism than non-diabetics did, and 

that subclinical hypothyroidism may potentially be linked to an increase in diabetic 

complications [56]. In a euthyroid condition, free thyroxine (T4) levels at the lower end of 

the reference range are likewise linked to greater levels of glycosylated haemoglobin 

(HbA1c) [39]. 

 

Screening advice for thyroid dysfunction in T2DM patients 

There are no recommendations for thyroid disease screening in people with T2DM, in 

contrast to the T1DM guideline. In the 2010 guidelines, the ATA advised that persons who 

are at least 35 years old should undergo a thyroid-stimulating hormone (TSH) concentration 

test, followed by a checkup every five years. The guideline suggests more frequent tests in 

patients with high risk factors like diabetes, despite the fact that the DM type is not 

mentioned [33]. On the other hand, according to the USPSTF, there is not enough data to 

support thyroid dysfunction screening in individuals who are not pregnant or who are 

asymptomatic in 2015 [39]. 

 

Thyroid issues in diabetic pregnant women 

 

Pregnancy-related changes in thyroid function and their impact on glucose homeostasis 

 

Many hormonal and metabolic changes take place during pregnancy, which have an impact 

on thyroid function and glucose metabolism [40]. Both pregnant women with gestational 

diabetes and pregnant women with normal glucose tolerance experience a 50% to 60% 

reduction in insulin sensitivity during a typical pregnancy. In women with normal glucose 

tolerance, increased insulin secretion from pancreatic β-cells compensates for the loss in 

insulin sensitivity, whereas gestational diabetes develops when there is insufficient insulin 

secretion to meet this increased demand [41]. 
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The maternal thyroid gland enlarges during pregnancy by 10% in iodine-rich countries but by 

20% to 40% in iodine-deficient nations [42]. Iodine intake should be raised daily by 50% in 

order to account for the nearly 50% rise in TH, T4, and T3 production. For women who are 

pregnant or nursing, the World Health Organization advises a daily iodine consumption of 

250 g [36]. Human chorionic gonadotropin (hCG), a hormone that belongs to the 

glycoprotein hormone family and is made up of both common and hormone-specific β-

subunits, is produced in the early stages of pregnancy by the placenta. The sequences of the 

β-subunits of TSH, follicle-stimulating hormone, and luteinizing hormone are all identical to 

that of hCG [27]. 

In the first trimester of pregnancy, elevated hCG levels activate the thyroid gland, increasing 

TH synthesis and release and lowering TSH [32]. Extreme, ongoing nausea and vomiting 

during pregnancy known as hyperemesis gravidarum can cause electrolyte imbalances, 

dehydration, weight loss of at least 5% from pre-pregnancy levels, and ketonuria. Although 

the specific aetiology is unclear, it is thought to be brought on by a rapidly rising hCG blood 

level [43]. Most transient non-immune hyperthyroidism in the early stages of pregnancy is 

associated with elevated hCG levels, while very few cases of familial recurrent gestational 

hyperthyroidism are caused by a mutant thyrotropin receptor that is hypersensitive to hCG, as 

has been reported with even normal range serum levels [44]. 

 

The two most prevalent endocrinopathies during pregnancy that might harm both the mother 

and the foetus are thyroid dysfunction and diabetes [45]. The first trimester of pregnancy is 

when thyroid function abnormalities are most prevalent in pregnant women [46]. These 

diseases include hypothyroidism, hyperthyroidism, and thyroid autoimmunity, which have 

prevalence rates of 2%–3%, 0.1%–0.4%, and as high as 17% [45]. According to a paper [46], 

women with gestational diabetes mellitus (GDM) had a higher prevalence of hypothyroidism, 

and this link is also seen in postpartum thyroiditis (PPT), an autoimmune-mediated 

destructive thyroiditis in the first year following childbirth. PPT is also three to four times 

more likely in women with T1DM than in healthy women, according to the studies [38]. 

 

Thyroid conditions have been linked to gestational diabetes development and/or impaired 

glucose management in pregnant women with diabetes because THs alter glucose 

homeostasis. GDM risk is higher in pregnant women with overt hypothyroidism or 

subclinical hypothyroidism [23]. Additionally, there have been reports linking maternal 

isolated hypothyroxinaemia (normal TSH levels combined with low free T4) to undesirable 

metabolic outcomes, such as elevated maternal BMI, elevated fasting and postprandial 

glucose, elevated HbA1c, elevated triglycerides, and elevated insulin resistance (homeostasis 

model assessment of insulin resistance) during pregnancy [34]. When compared to women 

who have normal levels of this hormone, early pregnancy women with higher free T3 levels 

may have a higher chance of developing GDM [44]. 

 

Glucose is a crucial energy supply for the survival and operation of the brain. It is crucial to 

maintain proper plasma glucose levels and make sure that the brain always has access to them 

because the brain cannot store glucose on its own. There are a number of defence systems to 

stop or treat hypoglycemia. The primary reaction mechanisms for preventing or treating 

hypoglycemia involve a reduction in insulin secretion and the activation of the 

counterregulatory response. Glucagon, adrenaline, growth hormone, cortisol, and 

neurotransmitters are examples of counterregulatory hormones that function to avoid 

hypoglycemia [45]. Patients with T1DM and T2DM who use insulin or some oral 

hypoglycemic medications frequently experience hypoglycemia. 
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One of the most prevalent endocrine conditions, hypothyroidism frequently coexists with 

T1DM or T2DM [25]. Hypothyroidism may cause hypoglycemia through altering the 

neurological system and different hormones. Adrenocorticotropic hormone and GH deficit 

may produce hypoglycemia in secondary hypothyroidism brought on by hypopituitarism, but 

patients with original hypothyroidism are also at a higher risk of developing the condition. 

The hormone TH interferes with the proper counterregulatory response to insulin-induced 

hypoglycemia by reducing GH and cortisol secretion and affecting the hypothalamic-

pituitary-adrenal (HPA) system's ability to function. By impacting the hypothalamus and 

pituitary, primary hypothyroidism lowers basal and stimulated GH [47]. Patients with 

hypothyroidism may also have relative adrenal insufficiency, which lessens the HPA 

response to hypoglycemia [48]. 

 

Glucose homeostasis is also impacted by hypothyroidism, and these modifications may be 

linked to hypoglycemia. In hypothyroid individuals, gluconeogenesis is diminished in 

skeletal muscle and in adipose tissue [49] and glycogenolysis is hindered [50]. A prolonged 

recovery from hypoglycemia results from these modifications. Moreover, it has been 

suggested that hypothyroidism may cause hypoglycemia by slowing stomach emptying and 

perhaps impairing the glucagon response [51]. 

 

THYROID DISORDERS AND ANTIDIABETIC AGENTS 

Some anti-diabetic medications may affect thyroid function in people with T2DM. Here, the 

effects of typical oral antidiabetic medications on TH levels were discussed. Metformin 

 

Metformin 

For the treatment of T2DM, metformin is a widely used oral anti-diabetic medication. 

Metformin inhibits AMPK in the hypothalamus while increasing adenosine monophosphate-

activated kinase (AMPK) in the liver to reduce hepatic gluconeogenesis [51]. In rat tests, 

metformin has been found to pass the blood-brain barrier, equal plasma concentrations in the 

hypothalamus, and significantly enhance metformin levels in the pituitary gland [52]. These 

data, which suggest that metformin may prevent pituitary TSH release, may be explained by 

these effects. 

 

Metformin medication was initially shown to lower serum TSH levels in patients with 

primary hypothyroidism in 2006 [53]. In a study conducted by the University of California, 

San Diego, and the University of California, Los Angeles, the authors found that the use of 

the term "suicide" in the context of suicide was connected with an increased risk of death. 

Patients with overt and subclinical hypothyroidism were found to benefit from metformin's 

TSH-lowering effects, but euthyroid people did not [98,99].  

 

Although TSH decreased, plasma free T4 and free T3 concentrations did not change, and the 

result was not linked to clinical hyperthyroidism. Nevertheless, this impact might be reversed 

and typically subsided three months after withdrawal [55]. The malignancies of the colon, 

rectum, pancreatic, breast, and prostate have all been demonstrated to respond well to 

metformin [56]. 

 

Sulfonylureas 

Since the 1950s, sulfonylurea medications have been used to treat T2DM. Both goitrogenic 

and antithyroid effects have been linked to these medications. Early research revealed that 

high dosages of sulfonylureas enhance thyroid gland weight while decreasing iodine 
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concentration and radioiodine absorption fixation in animal models [57]. It has been claimed 

that first-generation sulfonylurea users who have diabetes experience hypothyroidism more 

commonly than those who are managed by diet alone or with insulin. However, research on 

glibenclamide and gliclazide, two second-generation sulfonylureas, has revealed that using 

these medications appears to have no effect on TH metabolism [58]. 

Thiazolidinediones 

An important type of insulin sensitizers used to treat T2DM are thiazolidinediones (TZDs). It 

was previously recognised that TZDs work by enhancing the transactivation activity of PPA 

receptors (PPARs). TZDs are agonists of PPAR-, and they can improve lipid metabolism and 

decrease hepatic glucose production [59]. When it comes to adipocyte development, PPAR- 

is primarily prevalent in adipose tissue [60]. Moreover, thyroid tissue from people with 

thyroiditis and Graves' illness as well as the orbital tissue from those with thyroid eye disease 

(TED) both exhibit significant PPAR- expression [61]. Extraocular muscles enlarge, and the 

amount of adipose tissue within the boundaries of the bony orbit increases, which are 

symptoms of TED [62].  

 

GLP-1 receptor agonists and dipeptidyl peptidase-4 inhibitors are examples of incretin 

mimics. 

Incretin mimetics are substances, such as glucagon-like peptide-1 receptor (GLP-1R) agonists 

and dipeptidyl peptidase 4 (DPP4) inhibitors, that mimic or augment the effects of 

endogenous incretin hormones. In preclinical studies in rats, GLP-1R agonists have 

demonstrated a relationship with C-cell proliferation and a possibility for increased risk of 

medullary thyroid carcinoma (MTC) [63]. Liraglutide long-term administration results in C-

cell hyperplasia, dose-dependent calcitonin production, and tumor development in rodents 

[41]. Yet, neither humans nor monkeys displayed this impact. Liraglutide did not cause C-cell 

proliferation in monkeys when used for an extended period of time at very high dosages, and 

it did not cause any appreciable changes in calcitonin levels in investigations on humans [25]. 

Exenatide failed to raise calcitonin in a subsequent study [26]. 

 

Similar to this, liraglutide did not raise calcitonin levels or result in C-cell malignancies in the 

Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes (LEADER) Study [47]. This 

may be because, compared to rodents, human and monkey C-cells express less GLP-1R and 

respond less to GLP-1R agonists [51]. The use of GLP-1R agonists in patients with a 

personal or family history of MTC or multiple endocrine neoplasia (MEN) type 2 is not 

advised, even though the Food and Drug Administration (FDA) does not advocate monitoring 

for the incidence of MTC in individuals using GLP-1R agonists. It has not been thoroughly 

reported how DPP4 inhibitors and thyroid cancer are related. Thyroid cancer was more 

common among Taiwanese T2DM patients in one research that used the drug sitagliptin. 

However, given the short time period and paucity of additional supporting evidence, it is 

believed that the influence of the DPP4 inhibitor on this discovery may not necessarily be 

directly related [38]. This occurred throughout the first year of treatment. 

 

Colesevelam 

Bile acid sequestrants (BASs), which include cholestyramine, colesevelam, colestilan, 

colestimide, and colestipol, were created as lipid-lowering medications for the treatment of 

hypercholesterolemia. In a sample of middle-aged men with primary hypercholesterolemia 

who are asymptomatic, BASs significantly lower levels of low-density lipoprotein cholesterol 

and improve cardiovascular outcomes [60]. BASs also reduce blood glucose levels in T2DM 

patients [61]. The U.S. FDA granted colesevelam, a BAS, approval in 2008 to help adults 

with T2DM achieve better glycemic control [62]. The bile is filled with TH, especially T4 
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and T3. The enterohepatic reabsorption of T4 into the systemic circulation can be inhibited 

by BASs because they can sequester T4 in the colon and increase its faecal excretion. By the 

binding of T4 to the basic anion copolymer resins in the digestive system, cholestyramine and 

colestipol prevent the absorption of levothyroxine. A non-absorbed polymer called 

colestevelam binds to bile acids in the small intestine and prevents their reabsorption. 

Although it has been suggested that colesevelam's pharmacological interactions with other 

substances should be less problematic than those with the older BASs, it is likely that this 

medicine will also bind to levothyroxine and reduce the absorption of this medication [57]. 

Levothyroxine and colestipol should not be combined, for this reason. 

 

Different agents 

On the potential effects of acarbose on thyroid function and the risk/benefit of thyroid cancer, 

little information is currently available. Although the exact mechanism is unclear, acarbose 

raised the levels of TH in dexamethasone-induced hyperglycemic mice [58]. Acarbose was 

linked to a decreased rate of papillary thyroid cancer growth in a retrospective research [59]. 

Similar to this, little information is known about how sodium glucose transporter type 2 

(SGLT2) inhibitors and TH interact. Although it has not been demonstrated in human studies, 

SGLT2 inhibitors have been speculated to potentially raise the incidence of MTC in animal 

models [51]. 

 

CONCLUSION: 

Thyroid problems and diabetes mellitus (DM) are related, because TH influences glucose 

homeostasis. One key factor in the connection between T1DM and AITD is autoimmune 

disease. Insulin resistance and T2DM are both correlated with thyroid dysfunction, including 

both hyperthyroidism and hypothyroidism. In some circumstances, hypothyroidism can also 

raise the risk of hypoglycemia. Also, pregnant women with gestational or pre-existing T1DM 

or T2DM exhibit a correlation between TH and DM. Patients with T1DM are typically 

advised to get a thyroid function test, but there are few guidelines for individuals with T2DM 

regarding thyroid disease screening. However, the majority of recommendations confine 

thyroid function screening to high-risk populations, such as T1DM, rather than 

recommending testing for all pregnant women. The risk of thyroid cancer and TED are 

affected by the usage of some anti-diabetic medications. Hence, care must be taken while 

administering these medications to individuals with T2DM who also have TED or a high risk 

of developing thyroid cancer, as well as when interpreting TH values. In conclusion, 

additional study is necessary to examine the links between DM and thyroid diseases, and 

physicians should be very careful when evaluating patients with both conditions. 

 

REFERENCES: 

1. Nederstigt C, Corssmit EP, de Koning EJ, Dekkers OM. Incidence and prevalence of 

thyroid dysfunction in type 1 diabetes. J Diabetes Complications 2016;30:420-5.  

2. Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter EW, Spencer CA, et 

al. Serum TSH, T(4), and thyroid antibodies in the United States population (1988 to 

1994): National Health and Nutrition Examination Survey (NHANES III). J Clin 

Endocrinol Metab 2002;87:489-99.  

3. Gu Y, Li H, Bao X, Zhang Q, Liu L, Meng G, et al. The relationship between thyroid 

function and the prevalence of type 2 diabetes mellitus in euthyroid subjects. J Clin 

Endocrinol Metab 2017;102:434-42.  

4. Brandt F, Thvilum M, Almind D, Christensen K, Green A, Hegedus L, et al. Morbidity 

before and after the diagnosis of hyperthyroidism: a nationwide register-based study. 

PLoS One 2013;8:e66711.  



 European Journal of Molecular & Clinical Medicine (EJMCM)  

ISSN: 2515-8260                                   Volume 10, Issue 04, 2023 

 

1491 

5. Gronich N, Deftereos SN, Lavi I, Persidis AS, Abernethy DR, Rennert G. 

Hypothyroidism is a risk factor for new-onset diabetes: a cohort study. Diabetes Care 

2015;38:1657-64.  

6. Thvilum M, Brandt F, Almind D, Christensen K, Brix TH, Hegedus L. Type and extent 

of somatic morbidity before and after the diagnosis of hypothyroidism: a nationwide 

register study. PLoS One 2013;8:e75789.  

7. Aronoff SL, Berkowitz K, Shreiner B, Want L. Glucose metabolism and regulation: 

beyond insulin and glucagon. Diabetes Spectr 2004;17:183-90.  

8. Roder PV, Wu B, Liu Y, Han W. Pancreatic regulation of glucose homeostasis. Exp Mol 

Med 2016;48:e219. 

9. Gerich J, Davis J, Lorenzi M, Rizza R, Bohannon N, Karam J, et al. Hormonal 

mechanisms of recovery from insulin-induced hypoglycemia in man. Am J Physiol 

1979;236:E380-5.  

10. Moore CX, Cooper GJ. Co-secretion of amylin and insulin from cultured islet beta-cells: 

modulation by nutrient secretagogues, islet hormones and hypoglycemic agents. 

Biochem Biophys Res Commun 1991;179:1-9.  

11. Nauck MA, Holst JJ, Willms B, Schmiegel W. Glucagon-like peptide 1 (GLP-1) as a 

new therapeutic approach for type 2-diabetes. Exp Clin Endocrinol Diabetes 

1997;105:187-95.  

12. Levin BE, Routh VH, Kang L, Sanders NM, Dunn-Meynell AA. Neuronal glucosensing: 

what do we know after 50 years? Diabetes 2004;53:2521-8.  

13. Borg WP, Sherwin RS, During MJ, Borg MA, Shulman GI. Local ventromedial 

hypothalamus glucopenia triggers counterregulatory hormone release. Diabetes 

1995;44:180-4.  

14. Aguayo-Mazzucato C, Zavacki AM, Marinelarena A, Hollister-Lock J, El Khattabi I, 

Marsili A, et al. Thyroid hormone promotes postnatal rat pancreatic β-cell development 

and glucose-responsive insulin secretion through MAFA. Diabetes 2013;62:1569-80.  

15. Verga Falzacappa C, Mangialardo C, Madaro L, Ranieri D, Lupoi L, Stigliano A, et al. 

Thyroid hormone T3 counteracts STZ induced diabetes in mouse. PLoS One 

2011;6:e19839.  

16. Nishi M. Diabetes mellitus and thyroid diseases. Diabetol Int 2018;9:108-12.  

17. Park EA, Jerden DC, Bahouth SW. Regulation of phosphoenolpyruvate carboxykinase 

gene transcription by thyroid hormone involves two distinct binding sites in the 

promoter. Biochem J 1995;309(Pt 3):913-9.  

18. Park EA, Song S, Vinson C, Roesler WJ. Role of CCAAT enhancer-binding protein beta 

in the thyroid hormone and cAMP induction of phosphoenolpyruvate carboxykinase 

gene transcription. J Biol Chem 1999;274:211-7.  

19. Hage M, Zantout MS, Azar ST. Thyroid disorders and diabetes mellitus. J Thyroid Res 

2011;2011:439463.  

20. Klieverik LP, Janssen SF, van Riel A, Foppen E, Bisschop PH, Serlie MJ, et al. Thyroid 

hormone modulates glucose production via a sympathetic pathway from the 

hypothalamic paraventricular nucleus to the liver. Proc Natl Acad Sci U S A 2009; 

106:5966-71.  

21. Perros P, McCrimmon RJ, Shaw G, Frier BM. Frequency of thyroid dysfunction in 

diabetic patients: value of annual screening. Diabet Med 1995;12:622-7.  

22. Kadiyala R, Peter R, Okosieme OE. Thyroid dysfunction in patients with diabetes: 

clinical implications and screening strategies. Int J Clin Pract 2010;64:1130-9.  

23. Orzan A, Novac C, Mihu M, Tirgoviste CI, Balgradean M. Type 1 diabetes and thyroid 

autoimmunity in children. Maedica (Bucur) 2016;11:308-12.  

24. Roldan MB, Alonso M, Barrio R. Thyroid autoimmunity in children and adolescents 



 European Journal of Molecular & Clinical Medicine (EJMCM)  

ISSN: 2515-8260                                   Volume 10, Issue 04, 2023 

 

1492 

with type 1 diabetes mellitus. Diabetes Nutr Metab 1999;12:27-31.  

25. Umpierrez GE, Latif KA, Murphy MB, Lambeth HC, Stentz F, Bush A, et al. Thyroid 

dysfunction in patients with type 1 diabetes: a longitudinal study. Diabetes Care 

2003;26:1181-5.  

26. Kordonouri O, Klinghammer A, Lang EB, Gruters-Kieslich A, Grabert M, Holl RW. 

Thyroid autoimmunity in children and adolescents with type 1 diabetes: a multicenter 

survey. Diabetes Care 2002;25:1346-50.  

27. Barker JM, Yu J, Yu L, Wang J, Miao D, Bao F, et al. Autoantibody “subspecificity” in 

type 1 diabetes: risk for organ-specific autoimmunity clusters in distinct groups. 

Diabetes Care 2005; 28:850-5.  

28. Huber A, Menconi F, Corathers S, Jacobson EM, Tomer Y. Joint genetic susceptibility 

to type 1 diabetes and autoimmune thyroiditis: from epidemiology to mechanisms. 

Endocr Rev 2008;29:697-725.  

29. Biondi B, Kahaly GJ, Robertson RP. Thyroid dysfunction and diabetes mellitus: two 

closely associated disorders. Endocr Rev 2019;40:789-824.  

30. Villano MJ, Huber AK, Greenberg DA, Golden BK, Concepcion E, Tomer Y. 

Autoimmune thyroiditis and diabetes: dissecting the joint genetic susceptibility in a large 

cohort of multiplex families. J Clin Endocrinol Metab 2009;94:1458-66.  

31. Tomer Y, Menconi F. Type 1 diabetes and autoimmune thyroiditis: the genetic 

connection. Thyroid 2009;19:99-102.  

32. Frommer L, Kahaly GJ. Type 1 diabetes and autoimmune thyroid disease: the genetic 

link. Front Endocrinol (Lausanne) 2021;12:618213.  

33. Ladenson PW, Singer PA, Ain KB, Bagchi N, Bigos ST, Levy EG, et al. American 

Thyroid Association guidelines for detection of thyroid dysfunction. Arch Intern Med 

2000;160:1573- 5.  

34. British Thyroid Association, The Association for Clinical Biochemistry: UK guidelines 

for the use of thyroid function tests.  

35. American Diabetes Association. Standards of medical care in diabetes: 2008. Diabetes 

Care 2008;31 Suppl 1:S12-54.  

36. Baskin HJ, Cobin RH, Duick DS, Gharib H, Guttler RB, Kaplan MM, et al. American 

Association of Clinical Endocrinologists medical guidelines for clinical practice for the 

evaluation and treatment of hyperthyroidism and hypothyroidism. Endocr Pract 

2002;8:457-69.  

37. National Institute for Health and Care Excellence: Type 1 diabetes in adults: diagnosis 

and management.  

38. Mahmud FH, Elbarbary NS, Frohlich-Reiterer E, Holl RW, Kordonouri O, Knip M, et 

al. ISPAD Clinical Practice Consensus Guidelines 2018: other complications and 

associated conditions in children and adolescents with type 1 diabetes. Pediatr Diabetes 

2018;19(Suppl 27):275-86.  

39. LeFevre ML; U.S. Preventive Services Task Force. Screening for thyroid dysfunction: 

U.S. Preventive Services Task Force recommendation statement. Ann Intern Med 

2015;162:641- 50.  

40. Gierach M, Gierach J, Junik R. Insulin resistance and thyroid disorders. Endokrynol Pol 

2014;65:70-6.  

41. Duntas LH, Orgiazzi J, Brabant G. The interface between thy roid and diabetes mellitus. 

Clin Endocrinol (Oxf) 2011;75:1- 9.  

42. Roos A, Bakker SJ, Links TP, Gans RO, Wolffenbuttel BH. Thyroid function is 

associated with components of the metabolic syndrome in euthyroid subjects. J Clin 

Endocrinol Metab 2007;92:491-6.  

43. Maxon HR, Kreines KW, Goldsmith RE, Knowles HC Jr. Long-term observations of 



 European Journal of Molecular & Clinical Medicine (EJMCM)  

ISSN: 2515-8260                                   Volume 10, Issue 04, 2023 

 

1493 

glucose tolerance in thyrotoxic patients. Arch Intern Med 1975;135:1477-80.  

44. O’Meara NM, Blackman JD, Sturis J, Polonsky KS. Alterations in the kinetics of C-

peptide and insulin secretion in hyperthyroidism. J Clin Endocrinol Metab 1993;76:79-

84.  

45. Eledrisi MS, Alshanti MS, Shah MF, Brolosy B, Jaha N. Overview of the diagnosis and 

management of diabetic ketoacidosis. Am J Med Sci 2006;331:243-51.  

46. Potenza M, Via MA, Yanagisawa RT. Excess thyroid hormone and carbohydrate 

metabolism. Endocr Pract 2009;15:254-62.  

47. Tamez-Perez HE, Martinez E, Quintanilla-Flores DL, TamezPena AL, Gutierrez-

Hermosillo H, Diaz de Leon-Gonzalez E. The rate of primary hypothyroidism in diabetic 

patients is greater than in the non-diabetic population: an observational study. Med Clin 

(Barc) 2012;138:475-7.  

48. Distiller LA, Polakow ES, Joffe BI. Type 2 diabetes mellitus and hypothyroidism: the 

possible influence of metformin therapy. Diabet Med 2014;31:172-5.  

49. Al-Geffari M, Ahmad NA, Al-Sharqawi AH, Youssef AM, Alnaqeb D, Al-Rubeaan K. 

Risk factors for thyroid dysfunction among type 2 diabetic patients in a highly diabetes 

mellitus prevalent society. Int J Endocrinol 2013;2013:417920.  

50. Chen G, Wu J, Lin Y, Huang B, Yao J, Jiang Q, et al. Associations between 

cardiovascular risk, insulin resistance, beta-cell function and thyroid dysfunction: a 

cross-sectional study in She ethnic minority group of Fujian Province in China. Eur J 

Endocrinol 2010;163:775-82.  

51. Song F, Bao C, Deng M, Xu H, Fan M, Paillard-Borg S, et al. The prevalence and 

determinants of hypothyroidism in hospitalized patients with type 2 diabetes mellitus. 

Endocrine 2017;55:179-85. 

52. Chaker L, Ligthart S, Korevaar TI, Hofman A, Franco OH, Peeters RP, et al. Thyroid 

function and risk of type 2 diabetes: a population-based prospective cohort study. BMC 

Med 2016; 14:150.  

53. Joffe BI, Distiller LA. Diabetes mellitus and hypothyroidism: strange bedfellows or 

mutual companions? World J Diabetes 2014;5:901-4.  

54. Dubaniewicz A, Kaciuba-Uscilko H, Nazar K, Budohoski L. Sensitivity of the soleus 

muscle to insulin in resting and exercising rats with experimental hypo- and hyper-

thyroidism. Biochem J 1989;263:243-7.  

55. Rochon C, Tauveron I, Dejax C, Benoit P, Capitan P, Fabricio A, et al. Response of 

glucose disposal to hyperinsulinemia in human hypothyroidism and hyperthyroidism. 

Clin Sci (Lond) 2003;104:7-15.  

56. Han C, He X, Xia X, Li Y, Shi X, Shan Z, et al. Subclinical hypothyroidism and type 2 

diabetes: a systematic review and meta-analysis. PLoS One 2015;10:e0135233.  

57. Ha J, Lee J, Lim DJ, Lee JM, Chang SA, Kang MI, et al. Association of serum free 

thyroxine and glucose homeostasis: Korea National Health and Nutrition Examination 

Survey. Korean J Intern Med 2021;36(Suppl 1): S170-9.  

58. National Institute for Health and Care Excellence: Type 2 diabetes in adults: 

management.  

59. American Diabetes Association. 3. Comprehensive medical evaluation and assessment 

of comorbidities: standards of medical care in diabetes-2018. Diabetes Care 

2018;41:S28-37.  

60. Garber JR, Cobin RH, Gharib H, Hennessey JV, Klein I, Mechanick JI, et al. Clinical 

practice guidelines for hypothyroidism in adults: cosponsored by the American 

Association of Clinical Endocrinologists and the American Thyroid Association. Endocr 

Pract 2012;18:988-1028.  

61. Kordonouri O, Maguire AM, Knip M, Schober E, Lorini R, Holl RW, et al. Other 



 European Journal of Molecular & Clinical Medicine (EJMCM)  

ISSN: 2515-8260                                   Volume 10, Issue 04, 2023 

 

1494 

complications and associated conditions with diabetes in children and adolescents. 

Pediatr Diabetes 2009;10 Suppl 12:204-10.  

62. Rosenbloom AL, Silverstein JH, Amemiya S, Zeitler P, Klingensmith GJ. Type 2 

diabetes in children and adolescents. Pediatr Diabetes 2009;10 Suppl 12:17-32.  

63. Konar H, Sarkar M, Roy M. Association of thyroid dysfunction and autoimmunity in 

pregnant women with diabetes mellitus. J Obstet Gynaecol India 2018;68:283-8. 


