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Chapter 2
Classification of Thyroid Diseases

Sabrina Corbetta

2.1  Introduction

Alterations of the circulating thyroid hormones levels, namely hypothyroidism and 
hyperthyroidism, are common conditions with potentially devastating health conse-
quences that affect all populations worldwide [1]. Thyroid dysfunction is common, 
readily identifiable, and easily treatable. Nonetheless, if undiagnosed or untreated, 
it can have profound adverse effects. Despite an increase in thyroid disease aware-
ness and the availability of sensitive laboratory assays for the measurement of thy-
roid hormones, cases of extreme thyroid dysfunction occasionally still occur. 
Hypothyroidism and hyperthyroidism commonly arise from pathological processes 
within the thyroid gland (primary thyroid disease), although in rare cases, they can 
arise from disorders of the hypothalamus or pituitary (central hypothyroidism) or 
from peripheral causes, such as struma ovarii, or functional thyroid cancer metasta-
ses. Iodine nutrition is a key determinant of thyroid disease risk; however, other 
factors, such as aging, smoking status, genetic susceptibility, ethnicity, endocrine 
disruptors, and the advent of novel therapeutics, including immune checkpoint 
inhibitors, also influence thyroid disease epidemiology [1]. Nodular thyroid disor-
ders are prevalent in areas where iodine deficiency is common, while autoimmune 
thyroid (AIT) disorders, including Hashimoto thyroiditis and Graves’ disease, occur 
more frequently in iodine-replete populations. Indeed, a number of other risk fac-
tors, including genetic and ethnic susceptibility, sex, smoking status, alcohol con-
sumption, presence of other autoimmune conditions, syndromic conditions and 
exposure to therapeutic drugs, also influence thyroid disease epidemiology. In this 
general epidemiological setting, the incidence of thyroid cancer worldwide has 
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increased significantly over the past three decades, due mostly to an increase in 
papillary thyroid cancer cases. Although most of these cancers are small and local-
ized, population-based studies have documented a significant increase in thyroid 
cancers of all sizes and stages, in addition to incidence-based mortality for papillary 
thyroid cancer. Increasing incidence of thyroid cancer seems to be due in large part 
to increasing surveillance and overdiagnosis, but researchers agree that there is also 
a true increase in new cases of thyroid cancer [2]. The detection of thyroid dysfunc-
tion has been driven over the past two decades by the progressive lowering of treat-
ment thresholds, together with increased thyroid function testing with sensitive 
assays, determining a higher prevalence of borderline or mild cases. The complex 
inverse association between the pituitary-derived TSH and T4 and T3 indicates TSH 
as the most sensitive marker of thyroid status. Accordingly, overt hypothyroidism is 
defined as TSH concentrations above the reference range and free T4 levels below 
the reference range, while subclinical hypothyroidism is defined as TSH levels 
above the reference range when levels of free T4 are within the population reference 
range (Table 2.1). Likewise, the reverse hormone pattern is applied in the definition 
of overt (low TSH and high free T4) and subclinical hyperthyroidism (low TSH and 
normal free T4) (Table 2.1). In the present chapter, the main clinical thyroid disor-
ders will be presented focusing on epidemiological and clinical features (Table 2.1).

2.2  Hypothyroidism

Hypothyroidism is common throughout the world. Iodine deficiency and autoim-
mune disease (known as Hashimoto thyroiditis) are the prevalent causes of primary 
hypothyroidism [3]. In iodine-sufficient countries, the prevalence of hypothyroid-
ism ranges from 1% to 2% [4, 5], rising to 7% in individuals aged more than 85 years 
[6]. Hypothyroidism is approximately ten times more prevalent in women than men. 
The prevalence of overt hypothyroidism in the general population ranges from 
between 0.2% and 5.3% in Europe [7, 8] and 0.3% and 3.7% in the USA [9].

2.2.1  Autoimmune Thyroiditis

Hashimoto thyroiditis is the most frequent autoimmune thyroid (AIT) disorders. It 
causes a chronic inflammation of the thyroid tissue, and hypothyroidism occurs in 
about 20–30% of patients [10]. AIT incidence is about 0.3–1.5/1000 subjects/year, 
with a major frequency in women than in men (from 4 to 10 times). Hashimoto 
thyroiditis is considered to depend on a combination of genetic susceptibility and 
environmental risk factors, which determines the breakdown of immunological tol-
erance, with a resulting autoimmune attack to the thyroid itself. Lymphocytic infil-
tration, especially of T cells, and follicular destruction are the histological AIT 
hallmark, which can induce progressive thyroid atrophy and fibrosis.
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Table 2.1 Classification of thyroid diseases and associated thyroid hormone alterations

Hypothyroidism Euthyroidism Hyperthyroidism

Hormonal patterns

   TSH ↑ ↓
   FT4 N/↓ N/↑
   FT3 N/↓ N/↑
Frequency (overt disease) 0.2–5.3% 0.1–1.3%
Etiology

Congenital
   Thyroid dysgenesis + +
   Thyroid dyshormonogenesis +
Acquired
   Autoimmunity

    Hashimoto thyroiditis + + +
    Postpartum thyroiditis + +
    Graves’ disease +
   Iodine status

    Severe iodine deficiency +
    Mild to severe iodine excess +
   Infections

    Viral + +
    Postpartum (De Quervain syndrome)
    Bacterial + + +
   Thyrocytes proliferation

    Uninodular goiter + +
    Multinodular goiter + +
    Malignant neoplasia
    Papillary +
    Follicular + +
    Medullary +
    Anaplastic +
   Iatrogenic

    Radioiodine +
    Surgery +
    Drugsa + +
   Secondary (central)

    Hypothalamic failure/dysfunction +
    Pituitary macroadenoma and/or 

apoplexia
+

    Resistance to TSH or TRH +
    Drug-inducedb +
    Inappropriate TSH secretionc +
   Extra-thyroidal

    Consumptive hypothyroidismd +

(continued)
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It is worth noting that there is an association between AIT disorders and other 
organ specific/systemic autoimmune disorders. It is not unusual to find patients with 
more than one immune-mediated endocrine disorder. As a result, polyglandular 
autoimmune syndromes (PAS), characterized by the failure of different endocrine 
glands, occur. Most of these patients showed Addison’s disease, hypogonadism, 
Graves’ disease, AIT, vitiligo, alopecia, pernicious anemia, and type 1 diabetes mel-
litus. In most cases (48%), the first manifestation of PAS was the type 1 diabetes–
AIT disorders association [11].

Moreover, AIT is associated with papillary thyroid cancer and thyroid autoim-
munity, and high TSH levels are considered independent risk factors for thyroid 
cancer [12]. Ten to 30% of patients with papillary thyroid cancer and AIT disorders 
show an aggressive form of the disease [13].

2.2.2  Subclinical Hypothyroidism

Subclinical hypothyroidism exists when serum thyroid hormone levels are within 
the reference range, but serum TSH levels are elevated outside the reference range. 
In iodine-sufficient populations, subclinical hypothyroidism affects up to 10% of 
the population, being highly prevalent among women and elderly individuals [14]. 
However, it should be considered that (1) subclinical hypothyroidism frequently 
reverts to euthyroidism, and (2) TSH levels rise as people without thyroid disease 
age, making it likely that the prevalence of subclinical hypothyroidism has been 
overestimated. Subclinical hypothyroidism may be categorized as grade 1, when 
TSH levels are between the upper limit of the reference range and 9.9 mU/L, and as 
grade 2, when serum TSH levels are 10 mU/L or higher. Approximately 90% of 
patients with subclinical hypothyroidism have serum TSH levels lower than 

Table 2.1 (continued)

Hypothyroidism Euthyroidism Hyperthyroidism

    Tissue-specific due to genetic 
mutationse

+

    Excess intake of thyroid hormone +
    Ectopic thyroid hormone secretionf +

TSH thyroid stimulating hormone, FT4 free tiroxine, FT3 free triiodiotirosine, N within normal 
range, TRH thyrotropin releasing hormone
aAmiodarone, lithium, monoclonal antibodies, sodium valproate (anti-epileptic), tyrosine kinase 
inhibitors and immune checkpoint inhibitors
bDopamine, somatostatins
cTSH secreting pituitary adenoma or pituitary resistance to thyroid hormone
dIt is a paraneoplastic syndrome, resulting from the aberrant uncontrolled expression of the type 3 
deiodinase (D3) that can induce a severe form of hypothyroidism by inactivating T4 and T3 in 
defined tumor tissue
eTHRα, THRβ, MCT8/SLC16A2
fStruma ovarii and functional thyroid cancer metastases
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10 mU/L. Autoimmune thyroiditis is the most common cause of mildly elevated 
serum TSH levels. Indeed, older individuals with mildly elevated serum TSH in the 
absence of thyroid disease are not at risk of increased morbidity and mortality. A 
number of clinical conditions unrelated to primary thyroid diseases, able to induce 
increase in TSH levels, should be considered; they include external radiotherapy to 
the neck, drugs (such as lithium), laboratory anomalies (heterophilic antibodies in 
the serum), untreated adrenal insufficiency, mutations in the TSH receptor gene, 
obesity, critical illness, circulating macroTSH (similar to macroprolactin, in which 
TSH is complexed to antithyrotropic IgG to form a high molecular weight complex 
with low biological activity) and thyroid lobectomy for benign or malignant thyroid 
nodules. In the last setting, permanent hypothyroidism, typically subclinical, can 
occur in up to 60% of patients after thyroid lobectomy and more than 1 year after 
surgery. In 60% of patients with grade 1 subclinical hypothyroidism, TSH declines 
to the normal range over 5 years [15, 16]. The annual rate of progression to overt 
disease is about 2–4% in such patients, depending on anti-thyroperoxidase (TPO) 
antibody status [16–19]. Grade 2 subclinical hypothyroidism is associated with 
increased rates of progression to overt hypothyroidism, especially in women and in 
patients with positive anti-TPO antibodies. Grade 1 subclinical hypothyroidism is 
rarely associated with hypothyroid and neuropsychiatric symptoms or alterations in 
mood or cognition. Cardiovascular abnormalities (left ventricular systolic and dia-
stolic dysfunction and impaired vascular relaxation) have been described in patients 
with grade 1 and grade 2 subclinical hypothyroidism. Hypothyroidism is one of the 
most frequent secondary causes of dyslipidemia (elevated low-density lipoprotein 
[LDL] cholesterol and triglyceride levels), and screening for hypothyroidism is rec-
ommended for individuals with hypercholesterolemia. Metabolic alterations can 
develop in grade 2 subclinical hypothyroidism, mainly in patients with insulin resis-
tance. A meta-analysis performed by the Thyroid Studies Collaboration, a consor-
tium of cohort studies with data from more than 75,000 participants, showed that 
TSH levels of 10 mU/L or higher were associated with increased risk of heart fail-
ure, coronary heart disease events, and mortality from coronary heart disease com-
pared with normal TSH values [20]. In addition, TSH values of 7.0–9.9 mU/L were 
associated with increased risk of fatal stroke and mortality from coronary heart 
disease. Association of subclinical hypothyroidism with dementia, kidney function 
decline, bone mineral density, and fracture risk has been investigated, though con-
clusive results is lacking [14].

2.2.3  Iodine-Induced Hypothyroidism

Iodine-induced hypothyroidism is attributed to a failure of thyroid adaptive mecha-
nisms to an acute iodide load, known as the Wolff–Chaikoff effect. Common sources 
of excess iodine include supplementation, diet, iodinated contrast agents, and medi-
cation. Further details have been provided in Chap. 1.
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2.2.4  Drug-Induced Hypothyroidism

Several drugs can cause hypothyroidism. Here the drugs that are most frequently 
associated with hypothyroidism are briefly presented [1]:

 1. Lithium therapy causes overt hypothyroidism in 5–15% of patients treated; the 
use of lithium increased the risk of hypothyroidism by more than twofold.

 2. Amiodarone-induced hypothyroidism may be more common than amiodarone- 
induced thyrotoxicosis in iodine-sufficient areas, with amiodarone-induced 
hypothyroidism occurring in 6.9–22.0% of patients in iodine-sufficient areas and 
amiodarone-induced thyrotoxicosis occurring in between 2.0% and 12.1% of 
patients.

 3. Immune checkpoint inhibitors, used both as single agents or in combination, 
have emerged as key treatments in managing advanced cancers, making the dis-
ease chronic. Immune checkpoint inhibitors are antibodies against cytotoxic 
T-lymphocyte antigen 4 (CTLA4), such as ipilimumab; programmed cell death 
protein 1 (PD1), such as nivolumab and pembrolizumab; and anti-PD1 ligand 
molecules (PDL1 and PDL2), such as atezolizumab and durvalumab. These 
agents have been approved for a variety of cancers, including melanoma, non- 
small- cell lung cancer, renal cell carcinoma, Hodgkin lymphoma, and head and 
neck cancers. Immune checkpoint inhibitors reactivate the immune system 
against cancer cells but can also induce autoimmune adverse effects that particu-
larly affect the hypothalamic–pituitary–thyroid axis. Patients taking immune 
checkpoint inhibitors can develop primary or secondary hypothyroidism and pri-
mary hyperthyroidism. Secondary hypothyroidism is more common in patients 
treated with anti-CTLA4 antibodies, whereas primary hypothyroidism is 
observed more frequently in patients taking anti-PD1 and anti-PDL1 monoclo-
nal antibodies. Hypothyroidism has been reported to occur in 1.5–6.8% of 
patients on ipilimumab, 9.0–10.8% of patients on nivolumab, and 5.5–9.6% of 
patients on durvalumab. In combination therapy with nivolumab and ipilim-
umab, hypothyroidism occurs even more frequently in 4–27% of cases.

 4. Alemtuzumab, a novel treatment for multiple sclerosis, has also been associated 
with a high prevalence of hypothyroidism.

 5. Tyrosine kinase inhibitors can result in an increased risk of hypothyroidism with 
27% of treated patients requiring levothyroxine replacement during their 
treatment.

2.2.5  Congenital Hypothyroidism

Primary congenital hypothyroidism (CH) is the most common preventable cause of 
mental retardation and is associated with 12-fold increased risk of multiple neonatal 
malformations that may cause additional disease complications [21–23]. A ten-
dency toward an increased CH detection has been described in several 

S. Corbetta



27

socio-economically advanced countries, and it has been related to improved out-
come of CH more frequently allowing transmission of heritable defects, endocrine 
disrupting chemicals, and the lower threshold of neonatal TSH screening [22–24]. 
With the introduction of the neonatal screening of congenital hypothyroidism, the 
incidence is 1:1500–1:2000. CH occurs due to defective thyroid gland development 
or hormone biosynthetic function and is traditionally sub-classified as thyroid dys-
genesis or dyshormonogenesis [25, 26]. Thyroid dysgenesis refers to a spectrum of 
aberrant thyroid gland development, most commonly involving thyroid ectopy, an 
abnormally situated and mostly small thyroid gland. Complete absence of the thy-
roid gland (athyreosis) occurs in 20–30% of cases with thyroid dysgenesis, while a 
small minority exhibit a normally located though hypoplastic thyroid gland. 
Dyshormonogenesis refers to failure of thyroid hormone production by a normally 
located, sometimes enlarged goitrous thyroid gland in which the molecular pathway 
for thyroid hormone biosynthesis is disrupted. Thyroid dysgenesis is generally con-
sidered to be a sporadic disease for which the underlying etiology is usually not 
clear. Genetic causes involve genes mediating thyroid differentiation, migration, 
and growth. However, in less than 5% of cases with thyroid dysgenesis, a loss-of- 
function mutation in a known thyroid dysgenesis-associated gene can be detected, 
namely TSHR (TSH receptor), NKX2.1/TTF1, PAX8, FOXE1/TTF2, GLIS3. 
Additional genes associated with thyroid dysgenesis include NKX2.5, JAG1, 
CDCA8, and NTN1/Netrin 1. Recent evidence suggests the existence of hypo-
morphic alleles of these candidate genes, whose combination can explain a signifi-
cant portion of congenital hypothyroid cases [25]. The oligogenic involvement 
should be considered as a solid hypothesis for the genetic etiology of congenital 
hypothyroidism: variants with a modest functional impairment can produce a negli-
gible effect on thyroid function when expressed alone, but the sum of minor alleles, 
even acting at different levels (thyroid morphogenesis or hormonogenesis), can jus-
tify the birth of a child with congenital hypothyroidism in families with a history of 
minor thyroid defects or without any previously recognized thyroid disease [25]. In 
contrast, the majority of individuals with dyshormonogenesis harbor mutations in 
genes encoding known components of the thyroid hormone biosynthesis machinery, 
including TG (thyroglobulin), TPO (thyroperoxidase), SLC26A4 (pendrin), SLC5A5 
(sodium/iodide symporter), DUOX2 (dual oxidase 2), DUOXA2 (dual oxidase mat-
uration factor 2), IYD (iodotyrosine deiodinase).

2.2.6  Central Hypothyroidism

Central hypothyroidism is characterized by a defect in thyroid hormone secretion, 
resulting from the insufficient stimulation of a healthy thyroid gland by TSH. It can 
be a consequence of an anatomic or a functional disorder of the pituitary gland and/
or the hypothalamus [27]. Central hypothyroidism can be congenital, caused by 
genetic defects, or acquired, resulting from lesions such as tumors, traumas, or cere-
brovascular accidents that affect the hypothalamic–pituitary axis. Central 
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hypothyroidism may present as an isolated defect of pituitary function, while in 
most patients it occurs in combination with other pituitary hormone deficiencies. 
The global prevalence of central hypothyroidism ranges from 1 in 20,000 to 1 in 
80,000 individuals in the general population, representing a rare cause of hypothy-
roidism (1 out of 1000 patients with hypothyroidism). Central hypothyroidism 
affects patients of all ages and both sexes equally. Defects in TSH secretion can be 
quantitative (due to reduced TSH reserve), qualitative (sustained by reduced bioac-
tivity of the released TSH molecules), or both. In the congenital forms of central 
hypothyroidism the defect is usually quantitative. By contrast, the defect is fre-
quently both quantitative and qualitative in acquired central hypothyroidism. The 
secretion of bioinactive TSH can occur following hypothalamic–pituitary tumors or 
injuries sustained during a breech delivery, external radiation for head tumors and 
Sheehan syndrome. The clinical features of central hypothyroidism depend on the 
etiology, the severity of the hypothalamic–pituitary impairment, the extent and 
severity of associated hormone deficiencies, and the age of the patient at the time of 
disease onset. Congenital central hypothyroidism is clinically more severe than the 
acquired forms. The symptoms and signs of central hypothyroidism, which include 
fatigue, depression, cold intolerance, hoarseness, dry skin, constipation, bradycar-
dia, and hyporeflexia, are usually the same but milder than those of primary hypo-
thyroidism, and goiter is seldom present. In the presence of combined pituitary 
deficiencies, other endocrine manifestations, for example, growth failure, delayed 
puberty, adrenal insufficiency and diabetes insipidus, lead the patients to seek medi-
cal attention before their hypothyroidism manifests. Patients with congenital central 
hypothyroidism present with various syndromic and complex clinical features 
depending on the genes involved.

2.3  Hyperthyroidism

The prevalence of overt hyperthyroidism ranges from 0.2% to 1.3% in iodine- 
sufficient parts of the world [1]. Graves’ disease is the most common cause of 
hyperthyroidism in iodine-replete populations. Other common causes include toxic 
multinodular goiter and autonomously functioning thyroid adenoma [28]. Less 
common causes of hyperthyroidism are thyroiditis, pituitary TSH secreting ade-
noma, and drug-induced hyperthyroidism. In iodine-sufficient countries, Graves’ 
disease accounts for 70–80% of patients with hyperthyroidism, whereas in areas 
with iodine deficiency, Graves’ disease constitutes about 50% of all cases of hyper-
thyroidism, with the other half attributable to nodular thyroid disease [29].

The clinical phenotype in hyperthyroidism also shows geographical variation. 
Moreover, compared with patients with nodular disease, patients with Graves’ dis-
ease are younger, have higher thyroid hormone levels, and are more likely to present 
with overt hyperthyroidism than subclinical hyperthyroidism. Cardiovascular com-
plications resulting from hyperthyroidism seem to be more prevalent in areas where 
toxic multinodular goiters are common, in part because patients with nodular 
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disease are typically older. Ethnicity does seem to influence the risk of developing 
certain disease complications. For example, Graves’ ophthalmopathy is six times 
more common in white populations than in Asian populations. Furthermore, the rare 
but serious complication of hyperthyroidism, thyrotoxic periodic paralysis, is mark-
edly more common in Asian men [1, 30].

2.3.1  Graves’ Disease

Graves’ disease is a systemic autoimmune disorder caused by thyroid stimulating 
autoantibodies directed against the TSH receptor on thyroid follicular cells that 
results in follicular cell hypertrophy, thyroid enlargement, increased synthesis of 
thyroid hormone, and hyperthyroidism. Ophthalmopathy and pretibial myxedema 
can also occur. Graves’ ophthalmopathy occurs in 20–30% of patients, while pre-
tibial myxedema is rarely observed. Graves’ disease affects approximately 0.5% of 
the population and is the most common cause of hyperthyroidism, accounting for 
50–80% of all cases [29]. Graves’ disease predominantly affects women with a 
female to male ratio of 8:1, typically in their third to fifth decade of life. The clinical 
phenotype of Graves’ disease, at least in Western countries, is becoming milder, 
presumably due to earlier diagnosis and treatment.

2.3.2  Toxic Nodular Disease

Toxic nodular goiter is the most frequent cause of thyrotoxicosis in elderly individu-
als, especially those in iodine-deficient areas. Solitary toxic nodules are more com-
mon in women than in men, with a likely male:female ratio of 1:5 [31]. In areas 
where low iodine intake is prevalent, the incidence of toxic multinodular goiter is 
significantly higher in areas with low iodine intake (18.0 cases/100,000/year) com-
pared with high-iodine-intake areas (1.5 cases/100,000/year) [32]. The incidence of 
solitary toxic nodules is similarly higher in low-iodine-intake areas than in high- 
intake areas.

2.3.3  Thyroiditis

Thyroiditis is characterized by a self-limiting course of thyrotoxicosis, followed by 
hypothyroidism and then return to normal thyroid function. The condition is slightly 
more common in females than males (female:male ratio of 1.5:1), and permanent 
hypothyroidism occurs in 10–20% of cases overall [3]. Acute painful thyroiditis 
often presents following a respiratory tract infection, while painless thyroiditis can 
occur postpartum in up to 9% of otherwise healthy women [33].
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2.3.4  Drug-Induced Hyperthyroidism

The iodine-rich compound amiodarone is widely prescribed as an anti-arrhythmic 
agent. Amiodarone-induced thyrotoxicosis is more common in iodine-deficient 
areas and appears to be more common in men with a male:female ratio of up to 3:1. 
Other drugs that cause thyrotoxicosis include interferon (IFN)-α, lithium, tyrosine 
kinase inhibitors, highly active antiretroviral therapies, immune checkpoint inhibi-
tors, and the humanized monoclonal antibodies used in the treatment of multiple 
sclerosis, alemtuzumab. Although these drugs can cause transient thyrotoxicosis 
through destructive thyroiditis, immune-modifying agents such as IFN-α, highly 
active antiretroviral therapies, and alemtuzumab can also induce Graves’ disease 
through less well-defined immune reactivation mechanisms [34].

2.3.5  Iodine-Induced Hyperthyroidism

Iodine-induced hyperthyroidism, which is also known as the Jod–Basedow phe-
nomenon, is more common in older persons with longstanding nodular goiter and in 
regions of chronic iodine deficiency where the populace is undergoing iodine sup-
plementation [35]. Iodization programs temporarily increase the risk of iodine- 
induced hyperthyroidism; elderly individuals who might have coexisting cardiac 
disease and also those with limited access to health care are principally at risk [35]. 
Radiographic contrast agents can also cause iodine-induced hyperthyroidism. 
Individuals with preexisting multinodular goiter or those from iodine-deficient 
areas are at greatest risk of iodine-induced hyperthyroidism following the adminis-
tration of a radiographic contrast agent [36].

2.3.6  Subclinical Hyperthyroidism

The prevalence of subclinical mild hyperthyroidism has been estimated ranging 
from 1% to 5% [37]. Data from the NHANES III study suggest a bimodal peak at 
age 20–39 years and at >80 years of age [38]. The NHANES III study also showed 
that women were more likely to have subclinical hyperthyroidism. The greatest risk 
factor for subclinical hyperthyroidism, aside from levothyroxine use, is iodine defi-
ciency. The prevalence of subclinical hyperthyroidism increases from around 3% in 
iodine-sufficient areas to 6–10% in iodine-deficient areas, largely owing to toxic 
nodular goiters. Data on the risk of progression from subclinical to overt hyperthy-
roidism are limited. In a Scottish database including more than 2000 cases of sub-
clinical hyperthyroidism, the most untreated patients did not progress to overt 
hyperthyroidism, and one-third of patients returned to normal thyroid status 7 years 
after initial diagnosis [39]. Other studies showed that patients with more severe 
grades of subclinical hyperthyroidism progressed more frequently to overt disease.
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2.4  Thyroid Nodular Diseases

Thyroid nodules are defined as discrete lesions within the thyroid gland, distinct 
from surrounding thyroid parenchyma [40]. Thyroid nodules are common, being 
detected in up to 65% of the general population. Approximately 90% of thyroid 
nodules are benign and 95% are asymptomatic, remain so during follow-up, and can 
be safely managed with a surveillance program. The main goal of initial and long- 
term follow-up is identification of the small subgroup of nodules that harbor a clini-
cally significant cancer (≈10%), cause compressive symptoms (≈5%), or progress 
to functional disease (≈5%) [41].

There is considerable heterogeneity between thyrocytes in the same follicle in 
terms of iodine retention, hormone synthesis, and mitotic response to proliferative 
stimuli [42]. These physiological variations cause differences in the hyperplastic 
nodules originating from these cells. TSH is the main mitotic factor. Elevation of 
serum TSH levels causes significant increases in thyroid volume, and even minimal 
elevations over an adequate amount of time are sufficient for goiter formation. 
Iodine deficiency is the leading cause of increases in TSH levels. Thus, the incidence 
of nodules is high in regions with endemic goiter due to iodine deficiency. Selenium 
deficiency also causes goiter and nodular goiter. Some chemicals (e.g., nitrate and 
perchlorate) can cause goiter by affecting iodine uptake or hormone synthesis. There 
is an increased incidence of thyroid nodules despite the use of iodine prophylaxis in 
many countries [43]. Other factors involved in the development of thyroid nodules 
include radiation, environment (nitrates, benzene, formaldehyde, pesticides, bisphe-
nol A, polychlorinated biphenyl, polyhalogenated aromatic hydrocarbons, and poly-
brominated diphenyl ether), gene mutations (RAS, PAX8/PPARγ, RET/PTC, BRAF), 
metabolic syndrome, insulin resistance, and obesity [44].

One of the leading causes of nodule detection is the increased use and sensitivity 
of radiological imaging. Ultrasound can currently detect nodules as small as 
1–2 mm, causing the incidence of nodules to increase to 60,000–70,000/100,000 
adults in a population. This number was below 10,000 when palpation and scintig-
raphy were the only methods used for nodule evaluation. However, many studies 
have found that the incidence of nodular goiter is increased even when this factor is 
eliminated. The cancer rate of nodular goiter is around 5%. The rate does not differ 
between single nodules and multinodular goiter [1].

Risk factors for malignancy include childhood irradiation (mainly head and neck 
and whole body radiation), exposure to ionizing radiation from fallout in childhood 
or adolescence, family history of thyroid cancer or hereditary syndromes that 
include thyroid cancer [multiple endocrine neoplasia syndrome type 2 (MEN2A 
and 2B), family with ≥3 affected relatives, or genetic syndromes such as Cowden 
disease, familial adenomatous polyposis, Carney complex], rapid nodule growth, or 
hoarseness [41]. Family history plays a significant role in the development of thy-
roid cancer, and having first-degree relatives with not only medullary, but also papil-
lary thyroid cancer strongly predicts the risk of developing the malignant thyroid 
disease. In contrast, benign thyroid disorders in family history do not lead to the 
development of thyroid cancer [45].
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Thyroid cancer is the fifth most common cancer in women in the USA. The inci-
dence continues to rise worldwide. Differentiated thyroid cancer is the most fre-
quent subtype of thyroid cancer [46, 47]. Although over 90% are small, nonpalpable, 
benign lesions that will never become clinically significant tumors, some patients 
have nonpalpable or palpable lesions that are malignant. Identification of malignant 
thyroid nodules is important, especially those that will cause morbidity if not diag-
nosed early. Thyroid cancers are distinct in follicular-derived thyroid cancers and 
neuroendocrine C-cell-derived thyroid cancers. The follicular-derived cancers 
include differentiated and anaplastic thyroid cancers. From a genetic point of view, 
most thyroid cancers harbor mutations along the mitogen-activated protein kinase 
(MAPK) cellular signaling pathway [46].

2.4.1  Follicular-Derived Thyroid Cancers

2.4.1.1  Differentiated Thyroid Cancers

Differentiated thyroid cancer is the most common thyroid cancer, accounting for 
more than 95% of cases, and originates from thyroid follicular epithelial cells [48]. 
This category includes papillary thyroid cancer, follicular thyroid cancer, and 
Hurthle cell thyroid cancer. Poorly differentiated thyroid cancer is a more aggres-
sive follicular-derived thyroid cancer than differentiated thyroid cancer. Papillary 
thyroid cancer is the most common subtype and carries the best overall prognosis. 
Metastases most commonly involve cervical lymph nodes and, less commonly, the 
lungs. Follicular thyroid cancer, Hurthle cell thyroid cancer, and poorly differenti-
ated thyroid cancers are high-risk cancers that have a tendency to metastasize hema-
togenously to distant sites, in particular, to lung and bones.

2.4.1.2  Anaplastic Thyroid Cancers

Anaplastic thyroid cancer is a rare form of thyroid cancer (<1%) [48] that usually 
presents as a rapidly growing neck mass. Patients often develop hoarseness, dyspha-
gia, and dyspnea. The most common site of distant metastatic disease is the lung, 
followed by bones and brain. Anaplastic thyroid cancer often arises from and can 
coexist with differentiated thyroid cancer, but can also occur de novo.

2.4.2  Neuroendocrine C-Cell-Derived Thyroid Cancer

2.4.2.1  Medullary Thyroid Cancers

Medullary thyroid cancer accounts for 1–2% of all thyroid cancers and originates in 
the parafollicular neuroendocrine cells of the thyroid [48]. It most commonly pres-
ents as a solitary thyroid nodule in patients in the fourth to sixth decade of life. A 
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quarter of medullary thyroid cancer cases occur in patients with the inherited type 
2A multiple endocrine neoplasia syndrome (MEN2A;OMIM#171400), type 2B 
multiple endocrine neoplasia syndrome (MEN2B;OMIM#162300), and familial 
medullary thyroid cancer (MTC;OMIM#155240).
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