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Chapter

Graves’ Disease: A Review
Sanjay Saran

Abstract

Graves’ Disease (GD) is an autoimmune disorder characterized by presence of 
TSH receptor autoantibody. It is most common cause of hyperthyroidism world-
wide. Though GD can occur any age but peak incidence is seen during adulthood in 
between 20 to 50 years of age. GD is more commonly seen in female. GD is primar-
ily disease of thyroid gland but affects multi organ system i.e. heart, liver, muscle, 
eye and skin. Symptoms and signs are result from hyperthyroidism or a conse-
quence of underlying autoimmunity. Weight loss, fatigue, heat intolerance, tremor, 
and palpitations are the most common symptoms. Diffuse goiter presents in most 
of younger patients with thyrotoxicosis but less common in older patients. Graves’ 
ophthalmopathy and pretibial myxedema are extrathyroidal manifestations of GD 
which results from action of TSHR autoantibodies on TSHR present onfibroblast, 
adipocyte and T cells in extrathyroidal tissue. Treatment of GD remains in between 
antithyroid drugs, radioiodine or surgery. In this review we discuss the diagnosis 
and management of GD.

Keywords: autoimmune thyroid disease, Graves’ Disease, hyperthyroidism, 
radioactive iodine

1. Introduction

Graves’ Disease (GD) is the most common cause of hyperthyroidism worldwide 
[1, 2]. It was first described by German physician Carl Adolf Von Basdow. It is an 
autoimmune disorder characterized by presence of TSH receptor autoantibody [3]. 
These autoantibodies stimulate TSH receptors on thyroid cells and cause hyper-
trophy and hyperplasia resulting thyroid gland enlargement. TSHR autoantibodies 
also cause increased synthesis and secretion of thyroid hormones. GD is primarily 
disease of thyroid gland but affects multi organ system i.e. heart, liver, muscle, 
eye and skin. Graves’ ophthalmopathy and pretibial myxedema are extrathyroidal 
manifestations of GD which results from action of TSHR autoantibodies on TSHR 
present onfibroblast, adipocyte and T cells in extrathyroidal tissue.

2. Epidemiology

Graves’ Disease accounts for 70–80% cases of hyperthyroidism in iodine suf-
ficient population, where as it accounts for 50% cases of hyperthyroidism in iodine 
deficient areas of world [4, 5].

Annual incidence for GD is 20–50 person per 100,000 population and life time 
risk for developing GD is 3% for women and 0.5% for men [6, 7]. Though GD can 
occur any age but peak incidence is seen during adulthood in between 20 to 50 years 
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of age [8]. GD is more common in Caucasians as compare to Asian and least common 
among black African [9, 10]. The annual incidence of thyroid associated orbitopathy is 
16 cases per 100000 in women and 3 cases per 100000 in men and is more in smokers 
[11]. Pretibial myxedema is a very rare complication of GD, is seen in 1.5 cases per 
100000 case of GO [12]. Studies have shown that GD with nodule formation have 
higher incidence of thyroid carcinoma perticularly tall Cell Variant of papillary thyroid 
cancer (a more aggressive form of cancer) was significantly more common [13, 14].

3. Risk factors

3.1 Genetic factors

Genetic component is considered a major risk factor for development of GD. 
Twin studies show concordance rate of GD in monozygotic twins in between 0.29 to 
0.36, and in dizygotic twins between 0.00 and 0.04 [15]. GD predisposition appears 
to be polygenic [16]. Recently, bioinformatics and next-generation sequencing 
(NGS) based pangenomic analyses have identified many predisposing genes which 
are implicated in autoimmune disease, autoimmune thyroid disease and Graves’ 
Disease [16]. These are various genes which take part into the pathogenesis of GD: 
cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), TSH-R, Tg, CD40, protein 
tyrosine phosphatase-22 (PTPN 22), HLA, and CD25 [17]. Association with various 
HLA region is also seen, DR3 haplotype (i.e. DQB1*02, DQA1*0501, DRB1*03) pre-
disposes to GD, whereas the DR7 haplotype (i.e., DQA1*0201, DQB1*0302, DRB1*07 
or DQA1*0201, DQB1*02, DRB1*07) appears to be protective [18].

3.2 Sex

GD is more commonly seen in female, and estrogen receptor ESR2 polymorphisms 
are frequently seen in GD. Association of disease fluctuation and estrogen level varia-
tions which are seen during pregnancy, the menstrual cycle, and menopause further 
clarify its role in pathophysiology of the disease [19]. Estrogen receptor expression is 
present on orbital fibroblasts, and glucocorticoids can modulate it [20].

3.3 Environmental factors

Smoking adversely affects immune system and thyroid gland health. Current 
smoking doubles the risk of Graves’ hyperthyroidism and triples the risk of devel-
oping Graves’ ophthalmopathy (GO) the effect was found to be dose dependent and 
more pronounced in women [21–23]. Conversely four large studies confirm that 
smoking decreases the risk of hypothyroidism and autoimmune thyroid diseases 
(AITD) by decreasing Anti-TPO antibodies [24–27]. Three large studies have shown 
that smoking lowers the serum TSH level accompanied by slight increase in serum 
level of FT3 and FT4 and this effect is dose dependent [23, 28, 29].

Pestisides and halogenated organochlorides have thyroid disrupting properties that 
can alter the thyroid functions by binding to thyroid hormone transport proteins [30].

3.4 Stress

Relationship in between stressful life events and onset of GD was documented 
in 1825. Major stress is positively associated with increased risk of GD. By modulat-
ing the cortisol pathway stress can alter the course of many other autoimmune 
diseases also [31].
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3.5 Pregnancy

Pregnancy is associated with major changes in thyroid anatomy and physiology. 
Hyperthyroidism of GD is increased in early pregnancy and during postpartum. 
As pregnancy advances GD tends to improve which may be due to better maternal 
immune tolerance or altered B cell and T cell functions [32]. Decrease immune 
tolerance after delivery may cause increase in autoimmune thyroid diseases in 
postpartum [33].

3.6 Viruses

Many viruses affect the thyroid gland some of which associated with presence of 
thyroid autoantibodies i.e. congenital rubella, hepatitis C virus, subacute thyroid-
itis. But these are not appearing to be associated with development or progression 
of GD [34]. However, the potential influence of various common infections (such 
as Epstein–Barr virus and influenza virus) on the epigenetic characteristics of a 
variety of susceptibility genes remains a major hypothesis for the etiology of GD.

3.7 Iodine and related drugs

Iodine and iodine-containing drugs, such as amiodaroneand iodine-containing 
contrast media, precipitate GD or its recurrence in a genetically susceptible indi-
vidual which may be due to presence of some cryptic epitope on Thyroglobulin 
antibodies [35, 36]. Amiodarone is an iodinated derivative of benzofuran used 
in tachyarrhythmias. Each molecule of amiodarone contains two iodine atoms, 
which constitute 37.5% of its mass and its metabolism results in the daily release of 
approximately 6 mg of free iodine into the circulation which is 20–40 times higher 
than the daily iodine intake. Amiodarone can cause hypothyroidism or thyrotoxi-
cosis by various mechanisms depending on duration of therapy, autoimmunity and 
other characteristics [36].

3.8 Drugs

Various drugs can cause supression of TSH by their direct cytotoxic effect on 
thyroid follicular cells. Interferon and ribaverin used in the treatment of HCV 
disease can aggravate hyperthyroidism associated with GD. Highly active antiret-
roviral therapy (HAART) for human immunodeficiency virus (HIV) infection 
Alemtuzumab humanized anti-CD52 monoclonal antibody, Ipilimumab is a 
monoclonal antibody against CTLA4, Nivolumab and pembrolizumab antibodies 
against programmed death protein 1 (PD1) can also precipitate hyperthyroidism by 
immune mechanisms [37–41].

4. Clinical features

Clinical manifestations of Graves’ Disease related to age of onset, severity and the 
duration of hyperthyroidism. Symptoms and signs (Table 1) are result from hyper-
thyroidism or a consequence of underlying autoimmunity. Weight loss, fatigue, heat 
intolerance, tremor, and palpitations are the most common symptoms, occurring in 
more than 50% of patients. Elderly person more commonly presents with Weight 
loss, decreased appetite, and cardiac manifestations. Atrial fibrillation is seen in 
more than 10% of elderly but rare in younger patients. Goiter presents in most of 
younger patients with thyrotoxicosis but less common in older patients. Goiter is 
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Symptoms

Weight loss (weight gain in 10% of patients)

Palpitations

Dyspnea

Tremor

Tiredness, fatigue, muscle weakness

Heat intolerance, increased sweating

Increased stool frequency

Anxiety, altered mood, insomnia

Nervousness, hyperactivity

Pruritus

Thirst and polyuria

Menstrual disturbances in women (oligomenorrhea or amenorrhea)

Loss of libido

Neck fullness

Eye symptoms (swelling, pain, redness, double vision)

Physical signs of hyperthyroidism

Tachycardia, atrial fibrillation

Systolic hypertension, increased pulse pressure

Cardiac failure

Weight loss

Fine tremor, hyperkinesis, hyperreflexia

Warm, moist skin

Palmar erythema and onycholysis

Muscle weakness

Hair loss

Diffuse, palpable goiter and thyroid bruit

Mental-status and mood changes (e.g., mania or depression)

Extrathyroidal physical signs

Ophthalmopathy

 Eyelid lag, retraction, or both

 Proptosis (exophthalmos)

 Double vision (extraocular-muscle dysfunction)

 Periorbital edema, chemosis, scleral injection

 Exposure keratitis

 Optic neuropathy

Localized dermopathy

Acropachy

Developed from: Ref. [7].

Table 1. 
Major symptoms and physical signs in Graves’ Disease.
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present most commonly as diffuse thyroid enlargement but nodular goiter can also 
be present perticularly in those who reside in iodine deficient areas (Figure 1).

Varying degree of orbital involvement can be seen in GD which is a consequence 
of thyroid autoimmunity which occur parallel to the thyroid involvement. It usually 
present with tearing, congestion, redness and irritation in eyes. In severe cases 
proptosis may occur due to inflammation and edema of extraoccular muscle and 
retrobulbar tissue expension owing to fluid accumulation as a result of accumula-
tion of glycolsaminoglycan. Double vision and sight threatening complications 
i.e. corneal ulceration, dysthyroid optic neuropathy can occur as a consequence of 
damage to extraoccular muscles. For selecting appropriate patient for treatment 
EUGOGO classified GO in mild, moderate to severe and sight threatening. Activity 
of GO can be easily assessed by clinical activity score (CAS) (Table 2). A CAS ≥3/7 
is indicative of active GO (Figure 2).

Figure 1. 
Graves’ orbitopathy.

Spontaneous retrobulbar pain

Pain on attempted up- or down gaze

Redness of the eyelids

Redness of the conjunctiva

Swelling of the eyelids

Inflammation of the caruncle and = or plica

Conjunctival oedema

A CAS ≥3/7 indicates active GO.
Developed from: Ref. [42].

Table 2. 
Measures of clinical activity score (CAS).
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Graves’ dermopathy is seen in 1–4% case of GD. It frequently localize to pretibial 
region but it may be seen on elbow, feet, toe and areas of trauma. Lesion can be 
described as erythematous, non-pitting thickening of dermis in pretibial region. In 
mild cases it gives “orange Peel” appearance. Graves’ dermopathy is almost always 
associated with GO (Figure 3).

Acropachy is very rare extrathyroidal manifestation of GD. Acropachy is defined as 
skin tightness, digital clubbing, small-joint pain, and soft tissue edema progressing over 
months or years with gradual curving and enlargement of the fingers [43]. The patho-
genesis of acropachy is not known. In most of cases acropachy remain asymptomatic.

5. Diagnosis

5.1 Graves’ hyperthyroidism

Diagnosis of GD is based on clinical manifestations of thyrotoxicosis and bio-
chemical abnormalities. If orbitopathy is present than diagnosis of GD is certain but 

Figure 2. 
Graves’ dermopathy.

Figure 3. 
Thyroid acropachy.
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in the absence of orbitopathy serum TSH Receptor Antibody (TRAb) and imaging 
may be required to for the diagnosis.

5.2 Biochemical evaluation

5.2.1 Thyroid hormones

Serum TSH measurement has the highest sensitivity and specificity of any single 
blood test used in the evaluation of suspected thyrotoxicosis [44]. Diagnostic accu-
racy improves when a serum TSH, free T4, and total T3 are assessed at the initial 
evaluation. In overt hyperthyroidism, serum free T4, T3, or both are elevated, and 
serum TSH is subnormal (usually <0.01 mU/L in a third-generation assay). In mild 
hyperthyroidism, serum T4 and free T4 can be normal, only serum T3 may be ele-
vated, and serum TSH will be low or undetectable. These laboratory findings have 
been called “T3-toxicosis” and may represent the earliest stages of hyperthyroidism 
caused by GD [45]. Ratio of total T3 to T4 may also be useful in differentiating GD 
from thyroiditis. In one study the ratio of total T3 to total T4 (ng/lg) was >20 in GD 
and toxic nodular goiter, and <20 in painless or postpartum thyroiditis [46].

5.2.2 TSH receptor antibodies (TRAb)

In a hyperthyroid patient with a diffuse goiter and recent history of orbitopathy, 
the diagnosis of GD is likely so no further testing is required but hyperthyroid 
patient with a diffuse goiter and no definite orbitopathy, TRAb measurement can be 
of useful in distinguish GD from other etiologies.

5.3 Imaging

5.3.1 Thyroid ultrasound

Currently ultrasonography has become an important and practical tool for 
the thyroidologist; beside its role in thyroid nodule it can easily distinguish toxic 
multinodular goiter from GD. Increased blood flow in Doppler ultrasonography can 
distinguish GD from thyroiditis where blood flow is decreased.

5.3.2 Radioiodine uptake (RAIU) and thyroid scan

RAIU measures the percentage of administered RAI that is concentrated into 
thyroid tissue after a fixed interval, usually 24 hours. Technetium uptake measure-
ments utilize pertechnetate that is trapped by the thyroid, but not organified. A 
technetium (TcO4) uptake measures the percentage of administered technetium 
that is trapped by the thyroid after a fixed interval, usually 20 minutes. Uptake 
study is not indicated routinely. It is recommended only when diagnosis is difficult. 
Uptake is increased in GD, toxic multinodular goiter and toxic adenoma. Uptake is 
decreased in subacute, postpartum, painless thyroiditis.

6. Management

After establishing the diagnosis of GD treatment options include antithyroid 
drugs, radioiodine, and surgery. Although RAI is preferred in United States and 
ATDs in Europe but long term quality of life was found to be same in all three 
treatment group [47]. Selection of treatment depends on local availability, cost of 
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treatment, presence of active GO and physician preference. The main goal of man-
agement is to normalize thyroid hormones level and make the patient asymptomatic.

6.1 Pharmacological therapy

6.1.1 Antithyroid drugs

Thionamides are class of ATDs which inhibit thyroid peroxidase thereby inhibit 
thyroid hormone synthesis. Methimazole (MMI) and propylthiourecil (PTU) are 
used in United States where as Carbimazole (converted to methimazole in liver) is 
used in other part of world. MMI is preferred over PTU as initial therapy because 
of long duration of action and reduced risk of major side effect, except during first 
trimester of pregnancy where PTU is preferred because of lesser teratogenic effects 
[48]. Starting dose of MMI is 10 to 30 mg daily and of PTU is 50 to 10 mg three 
times daily. Dose of ATDs should be kept lowest to maintain T4 in normal range 
because higher doses are associated with high risk of adverse effect. Adverse effect 
of ATDs can be divided in minor allergic reaction and serious allergic/toxic effects 
agranulocytosis, liver injury and vacuities [48–52]. Hepatotoxicity and agranulo-
cytosis are seen more commonly with propylthiouracil. Initial complete blood cell 
count and liver function test required before starting these drugs and patient should 
be instructed to report if he develops high grade fever with sore throat. American 
Thyroid Association recommends ATDs should be continued for 12–18 months if 
chosen as primary therapy then can be discontinued if TSH and TRAb levels are 
normal. Remission rate with ADTs treatment is 40–60% and is not associated with 
duration and dose of ATDs. If patient becomes hyperthyroid after completion of 
treatment, RAI or thyroid surgery should be considered.

6.1.2 Beta-adrenergic blocker

Beta-adrenergic blocker should be given to all symptomatic thyrotoxic patients, 
especially elderly. Goal of beta blocker treatment is to decrease heart rate less than 
90 per minute. Propranolol is preferred non-selective beta blocker which decreases 
deiodinationof T4 to T3 [53]. In patient with asthma, obstructive airway disease  
and Raynaud’s phenomenon selective β1 blocker can be used with cautions.  
Calcium channel blockers verapamil and diltiazem can be used when β blockers are  
contraindicated [45].

6.1.3 Lithium

Lithium carbonate inhibits secretion of thyroid hormones. It does not decrease 
the efficacy of RAI so it can be used to control hyperthyroidism during RAI therapy 
or in patient who are allergic to ATDs.

6.1.4 Cholestyramine

It interfarewith enterohepatic circulation thereby decrease thyroid hormone 
leves rapidly. It can be used as adjunctive therapy in resistant thyrotoxicosis.

6.2 Radioactive iodine

RAI is one of definitive treatment for GD. It has been used for more than seven 
decade in the management of GD. Effect of ionizing radiation leads to cellular death 
and consequently reduction in functioning thyroid tissue and thyroid size. The goal 
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of RAI is to render the patient hypothyroid for that 10–15 mci dose is sufficient in 
most of the patients. RAI can be used as primary therapy in mild cases but in severe 
thyrotoxic patient β blockers and ATDs are used first to render the patient euthyroid 
to avoid radiation induced thyroiditis. ATDs should be discontinued 2–3 days prior 
and till 3–7 day of RAI treatment to enhance the efficacy of treatment. Regular 
follow up should be at 4–6 weeks interval with biochemical testing include TSH, 
FT4 and T3 till 6 months or till patient become hypothyroid. Around 40% of 
patient treated with RAI become hypothyroid by 8 weeks and 80% by 16 weeks 
[54]. Levothyroxine replacement therapy should be started once patient become 
hypothyroid. Most of studies found no increase in prevalence of thyroid cancer or 
secondary malignancy in RAI treated patients. RAI is associated with development 
and worsening of orbitopathy as compare to ATDs and thyroid surgery [55, 56]. So 
presence of orbitopathy may influence the treatment option.

6.3 Thyroid surgery

Thyroid surgery is least preferred treatment option for GD. It’s preferred when 
large nodular goiter is present. Total or Near-total thyroidectomy is procedure 
of choice if surgery is chosen as treatment option. Patient should be rendered 
euthyroid before surgery by ATDs and β blockers to minimize risk of thyroid 
storm [57]. Saturated solution of potassium iodide (SSKI) may be used preopera-
tively to normalize thyroid functions and to decrease the vascularity of thyroid 
gland [58]. ATA recommends measurement of calcium and 25-hydroxy vitamin 
D before surgery and if abnormal then should be normalized. Surgery should be 
performed by experienced surgeon at high volumeCentre to minimize postoperative 
 complications [59].

6.4 Treatment of Graves’ orbitopathy in patients with Graves’ Disease

The optimal treatment of GO require restoration of euthyroidism and manage-
ment of orbitopathy. Smoking should be discouraged as smoking increases progres-
sion and severity of GO and worsens the outcome [60]. Management of orbitopathy 
depends on its severity and activity. Mild inactive disease can be managed con-
servatively by artificial tear films only. In severe and active disease intravenous 
pulse steroid therapy may be required to decrease inflammation. External beam 
radiotherapy has also been used in severe cases. In patient with sight threatening 
and dysthyroid optic neuropathy (DON) orbital decompressive surgery is the only 
option proven to be effective. Rituximab, a anti CD20+ monoclonal antibody that 
causes B Cell depletion shown to be very effective in decreasing severity and activ-
ity od orbitopathy [61].

6.5 Treatment of Graves’ Disease during pregnancy

Pregnancy is a hyper vascular state so, clinical signs of thyrotoxicosis and 
normal pregnancy remarkably overlap. Moreover, estrogen induces high serum 
levels of thyroid hormones make the diagnosis difficult. Graves’ Disease affects 
0.1–0.2% of pregnancy and carries a considerable risk to mother and new born if 
not controlled adequately [62]. All ATDs are teratogenic and having risk of birth 
defects in new born [63]. During pregnancy ATDs should be used in lowest dose 
to main thyroid hormone levels in upper normal range and monitoring of thyroid 
function should be done monthly. As pregnancy is a state of immune tolerance so 
in about 50% of patients ATDs can be discontinued after first trimester [62]. Breast 
feeding is considered safe during ATDs treatment. ATA recommends measurement 
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of TRAb at diagnosis, then at 18–20 weeks of pregnancy, if elevated then repeat at 
30–34 weeks to guide decision regarding fetal monitoring.

6.6 Treatment of dermopathy and acropachy

Treatment of dermopathy and acropachy remain ineffective. Topical and intra-
lesional injection of steroid have been used without substantial success [64]. Trials 
using systemic steroid, rituximab and immunosuppressive drugs are underway with 
mixed results.

7. Emerging therapy

For last many years treatment of Graves’ Disease has not been substantially 
changed. In future we can see some great change in management of GD as many 
newer drugs are under trials. These newer therapies are mainly directed to TSH-
receptor. A human anti-TSHR monoclonal antibody (K1–70) is in a phase I trial of 
development [65]. A novel highly selective inhibitor for the TSHR is has promising 
potential for further development for the treatment of GO [66].

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



11

Graves’ Disease: A Review
DOI: http://dx.doi.org/10.5772/intechopen.98686

References

[1] Peter N Taylor, Diana Albrecht, Anna 
Scholz, Gala Gutierrez-Buey, John H 
Lazarus, Colin M Dayan. Global 
epidemiology of hyperthyroidism and 
hypothyroidism. Nat. Rev. Endocrinol. 
14, 301-316 (2018).

[2] McLeod, D. S. and Cooper, D. S. The 
incidence and prevalence of thyroid 
autoimmunity. Endocrine 42, 252-
265 (2012).

[3] Silvia Martina Ferrari, Ilaria Ruffilli, 
Giusy Elia, Francesca Ragusa, Sabrina 
Rosaria Paparo, Armando Patrizio, et al. 
Chemokines in hyperthyroidism. J Clin 
Transl Endocrinol 2019;16:100196.

[4] Nystrom, H. F., Jansson, S. and Berg, 
G. Incidence rate and clinical features of 
hyperthyroidism in a long-term iodine 
sufficient area of Sweden (Gothenburg) 
2003-2005. Clin. Endocrinol. 78, 
768-776 (2013).

[5] Laurberg, P., Pedersen, K. M., 
Vestergaard, H. and Sigurdsson, G. High 
incidence of multinodular toxic goitre in 
the elderly population in a low iodine 
intake area versus high incidence of 
Graves’ disease in the young in a high 
iodine intake area: Comparative surveys 
of thyrotoxicosis epidemiology in 
East-Jutland Denmark and Iceland. J. 
Intern. Med. 229, 415-420 (1991).

[6] Zimmermann MB, Boelaert K. Iodine 
deficiency and thyroid disorders. Lancet 
Diabetes Endocrinol 2015; 3: 286-295.

[7] Smith TJ, Hegedüs L. Graves’ disease. 
N Engl J Med 2016;375:1552e65.

[8] Laurberg, P. et al. Iodine intake as a 
determinant of thyroid disorders in 
populations. Best Pract. Res. Clin. 
Endocrinol. Metab. 24, 13-27 (2010).

[9] Shapira Y, Agmon-Levin N, 
Shoenfeld Y. Defining and analyzing geo 
epi-demiology and human 

autoimmunity. J Autoimmun 
2010;34:J168e77.

[10] McGrogan A, Seaman HE, 
Wright JW, et al. The incidence of 
autoimmune thyroid disease: A 
systematic review of the literature. Clin 
Endocrinol 2008;69:687e96.

[11] M Tellez, J Cooper, C Edmonds. 
Graves’ ophthalmopathy in relation to 
cigarette smoking and ethnic origin. 
Clin Endocrinol (Oxf). 1992 
Mar;36(3):291-294.

[12] Perros, P. et al. Graves’ orbitopathy 
as a rare disease in Europe: A European 
Group on Graves’ Orbitopathy 
(EUGOGO) position statement. 
Orphanet J. Rare Dis. 12, 72 (2017).

[13] Joy U L Staniforth, Senarath 
Erdirimanne, Guy D Eslick. Thyroid 
carcinoma in Graves’ disease: A meta-
analysis. Int J Surg. 2016 Mar;27:118-125.

[14] Suzanne P MacFarland, Andrew J 
Bauer, N Scott Adzick, Lea F Surrey, 
Jessica Noyes, Ken Kazahaya, et al. 
Disease Burden and Outcome in 
Children and Young Adults With 
Concurrent Graves’ Disease and 
Differentiated Thyroid Carcinoma. J 
Clin Endocrinol Metab 2018 Aug 
1;103(8):2918-2925.

[15] Brix TH, Hegedüs L. Twins as a tool 
for evaluating the influence of genetic 
susceptibility in thyroid autoimmunity. 
Ann Endocrinol 2011;72:103e7

[16] Jean-Louis Wémeau, Marc Klein, 
Jean-Louis Sadoul, Claire Briet, Fritz-
Line Vélayoudom-Céphise. Graves’ 
disease: Introduction, epidemiology, 
endogenous and environmental 
pathogenic factors. Ann Endocrinol 
(Paris). 2018 Dec;79(6):599-607.

[17] Hanna J Lee, Cheuk Wun Li, Sara 
Salehi Hammerstad, Mihaela Stefan, 



Graves’ Disease

12

Yaron Tomer. Immunogenetics of 
autoimmune thyroid diseases: A 
comprehensive review. J Autoimmun 
2015;64:82e90.

[18] Roberto Vita, Daniela Lapa, 
Francesco Trimarchi, Giuseppe Vita, 
Poupak Fallahi, Alessandro Antonelli. 
Certain HLA alleles are associated with 
stress-triggered Graves’ disease and 
influence its course. Endocrine 
2017;55:93e100.

[19] Bartłomiej Kisiel 1, Tomasz 
Bednarczuk, Grazyna Kostrzewa, 
Joanna Kosińska, Piotr Miśkiewicz, 
Maria Teresa Płazińska, ET AL. 
Polymorphism of the oestrogen receptor 
beta gene (ESR2) is associated with 
susceptibility to Graves’ disease. Clin 
Endocrinol (Oxf). 2008 
Mar;68(3):429-34.

[20] Sarah Santiloni Cury, Miriane 
Oliveira, Maria Teresa Síbio, Sueli Clara, 
Renata De Azevedo Melo Luvizotto, 
Sandro Conde, et al. Gene expression of 
estrogen receptor-alpha in orbital 
fibroblasts in Graves’ ophthalmopathy. 
Arch Endocrinol Metab. 2015 
Jun;59(3):273-276.

[21] Pfeilschifter, J. and Ziegler, R. 
(1996) Smoking and endocrine 
ophthalmopathy: Impact of smoking 
severity and current versus lifetime 
cigarette consumption. Clinical 
Endocrinology, 45, 477-481.

[22] Holm, I.A., Manson, J.E., Michels, 
K.B. et al. (2005) Smoking and other 
lifestyle factors and the risk of Graves’ 
hyperthyroidism. Archives of Internal 
Medicine, 165, 1606-1611.

[23] Asvold, B.O., Bjoro, T., Nilsen, T.I. et 
al. (2007) Tobacco smoking and thyroid 
function: A population-based study. 
Archives of Internal Medicine, 167, 
1428-1432.

[24] Belin, R.M., Astor, B.C., Powe, N.R. 
et al. (2004) Smokers have high serum 

antithyroid antibody and thyrotropin 
concentrations less often and low serum 
thyrotropin concentrations more often 
than nonsmokers. Journal of Clinical 
Endocrinology and Metabolism, 89, 
6077-6086.

[25] Mehran, L., Amouzgar, A., Delshad, 
H. et al. (2012) The association of 
cigarette smoking with serum TSH 
concentration and thyroperoxidase 
antibody. Experimental Clinical 
Endocrinology and Diabetes, 
120, 80-83.

[26] Strieder, T.G.A., Prummel, M.F., 
Tijssen, J.G.P. et al. (2003) Risk factors 
for and prevalence of thyroid disorders 
in a crosssectional study among healthy 
female relatives of patients with 
autoimmune thyroid disease. Clinical 
Endocrinology, 59, 396-401.

[27] Bulow Pedersen, I., Laurberg, P., 
Knudsen, N. et al. (2008) Smoking is 
negatively associated with the presence 
of thyroglobulin autoantibody and to a 
lesser degree with thyroid peroxidase 
autoantibody in serum: A population 
study. European Journal of 
Endocrinology, 158, 367-373.

[28] Belin, R.M., Astor, B.C., Powe, N.R. 
et al. (2004) Smokers have high serum 
antithyroid antibody and thyrotropin 
concentrations less often and low serum 
thyrotropin concentrations more often 
than nonsmokers. Journal of Clinical 
Endocrinology and Metabolism, 89, 
6077-6086.

[29] Jorde, R. and Sundsfjord, J. (2006) 
Serum TSH levels in smokers and 
non-smokers. The 5th Tromso study. 
Experimental Clinical Endocrinology 
and Diabetes, 114, 343-347.

[30] Silvia Martina Ferrari 1, Poupak 
Fallahi 1, Alessandro Antonelli 1, 
Salvatore Benvenga. Environmental 
Issues in Thyroid Diseases. Front 
Endocrinol (Lausanne). 2017 Mar 
20;8:50.



13

Graves’ Disease: A Review
DOI: http://dx.doi.org/10.5772/intechopen.98686

[31] Kassem Sharif, Abdulla Watad, 
Louis Coplan, Benjamin Lichtbroun, 
Alec Krosser, Michael Lichtbroun et al. 
The role of stress in the mosaic of 
autoimmunity: An overlooked 
association. Autoimmun. Rev. 17, 
967-983 (2018).

[32] La Rocca, C., Carbone, F., 
Longobardi, S. and Matarese, G. The 
immunology of pregnancy: Regulatory 
T cells control maternal immune 
tolerance toward the fetus. Immunol. 
Lett. 162, 41-48 (2014).

[33] Stagnaro-Green, A. et al. A 
prospective study of lymphocyte-
initiated immunosuppression in normal 
pregnancy: Evidence of a T-cell etiology 
for postpartum thyroid dysfunction. J. 
Clin. Endocrinol. Metab. 74,  
645-653 (1992).

[34] Menconi, F., Hasham, A. and 
Tomer, Y. Environmental triggers of 
thyroiditis: Hepatitis C and interferon-
alpha. J. Endocrinol. Invest. 34, 
78-84 (2011)

[35] Bartalena, L., Bogazzi, F. and 
Martino, E. Amiodaroneinduced 
thyrotoxicosis: A difficult diagnostic 
and therapeutic challenge. Clin. 
Endocrinol. 56, 23-24 (2002).

[36] Basaria, S. and Cooper, D. S. 
Amiodarone and the thyroid. Am. J. 
Med. 118, 706-714 (2005)

[37] Edmunds MR, Mellington F, 
Ford RL, et al. Clinical challenges of 
thyroid eye disease in HIV-positive 
patients on highly active antiretroviral 
therapy. J Clin Endocrinol Metab. 
2015;100(3):779-787.

[38] Pariani N, Willis M, Muller I,  
et al. Alemtuzumab-induced thyroid 
dysfunction exhibits distinctive clinical 
and immunological features. J Clin 
Endocrinol Metab. 
2018;103(8):3010-3018.

[39] Morganstein DL, Lai Z, Spain L, et 
al. Thyroid abnormalities following the 
use of cytotoxic T-lymphocyte antigen-4 
and programmed death receptor 
protein-1 inhibitors in the treatment of 
melanoma. Clin Endocrinol. 
2017;86(4):614-620.

[40] Yamauchi I, Sakane Y, Fukuda Y, et 
al. Clinical features of nivolumab-
induced thyroiditis: A case series study. 
Thyroid. 2017; 27(7):894-901.

[41] Azmat U, Liebner D, 
Joehlin-Price A, et al. Treatment of 
ipilimumab induced Graves’ disease in a 
patient with metastatic melanoma. Case 
Rep Endocrinol. 2016;2016:2087525.

[42] M P Mourits et al. Clinical activity 
score as a guide in the management of 
patients with Graves’ ophthalmopathy. 
Clin Endocrinol (Oxf). 1997 
Jul;47(1):9-14.

[43] Perini, N., Santos, R. B., Romaldini, 
J. H. and Villagelin, D. Thyroid 
acropachy: A rare manifestation of 
Graves’ disease in joints. AACE Clin. 
Case Rep. 5, e369–e371 (2019)

[44] de los Santos ET, Starich GH, 
Mazzaferri EL 1989 Sensitivity, 
specificity, and cost-effectiveness of the 
sensitive thyrotropin assay in the 
diagnosis of thyroid disease in 
ambulatory patients. Arch Intern Med 
149:526-532.

[45] Douglas S. Ross, Henry B. Burch, 
David S. Cooper, M. Carol Greenlee, 
Peter Laurberg, Ana Luiza Maia et al. 
2016 American Thyroid Association 
Guidelines for Diagnosis and 
Management of Hyperthyroidism and 
Other Causes of Thyrotoxicosis. 
Thyroid. 2016 Oct;26(10):1343-1421.

[46] Shigemasa C, Abe K, Taniguchi S, 
Mitani Y, Ueda Y, Adachi T, Urabe K, 
Tanaka T, Yoshida A, Mashiba H 1987 
Lower serum free thyroxine (T4) levels 
in painless thyroiditis compared with 



Graves’ Disease

14

Graves’ disease despite similar serum 
total T4 levels. J Clin Endocrinol Metab 
65: 359-363.

[47] Abraham-Nordling M, Torring O, 
Hamberger B, Lundell G, Tallstedt L, 
Calissendorff J, Wallin G 2005 Graves’ 
disease: A long-term quality-of-life 
follow up of patients randomized to 
treatment with antithyroid drugs, 
radioiodine, or surgery. Thyroid 
15:1279-1286.

[48] Van Dijke, C. P., Heydendael, R. J. 
and De Kleine, M. J. Methimazole, 
carbimazole, and congenital skin 
defects. Ann. Intern. Med. 106, 
60-61 (1987).

[49] Yang, J. et al. Analysis of 90 cases of 
antithyroiddrug-induced severe 
hepatotoxicity over 13 years in China. 
Thyroid 25, 278-283 (2015).

[50] Wang, M. T., Lee, W. J., Huang, T. 
Y., Chu, C. L. and Hsieh, C. H. 
Antithyroid drug-related hepatotoxicity 
in hyperthyroidism patients: A 
population-based cohort study. Br. J. 
Clin. Pharmacol. 78, 619-629 (2014).

[51] Watanabe, N. et al. Antithyroid 
drug-induced hematopoietic damage: A 
retrospective cohort study of 
agranulocytosis and pancytopenia 
involving 50,385 patients with Graves’ 
disease. J. Clin. Endocrinol. Metab. 97, 
E49–E53 (2012).

[52] Nakamura, H., Miyauchi, A., 
Miyawaki, N. and Imagawa, J. Analysis 
of 754 cases of antithyroid drug-induced 
agranulocytosis over 30 years in Japan. J. 
Clin. Endocrinol. Metab. 98, 4776-
4783 (2013).

[53] Geffner, D. L. and Hershman, J. M. 
βadrenergic blockade for the treatment 
of hyperthyroidism. Am. J. Med. 93, 
61-68 (1992).

[54] Stan MN, Durski JM, Brito JP, 
Bhagra S, Thapa P, Bahn RS 2013 Cohort 

study on radioactive iodine-induced 
hypothyroidism: Implications for 
Graves’ ophthalmopathy and optimal 
timing for thyroid hormone assessment. 
Thyroid 23:620-625.

[55] Traisk F, Tallstedt L, 
Abraham-Nordling M, et al. Thyroid-
associated ophthalmopathy after 
treatment for Graves’ hyperthyroidism 
with antithyroid drugs or iodine-131. J 
Clin Endocrinol Metab. 
2009;94(10):3700-3707.

[56] Tallstedt L, Lundell G, Torring O, et 
al. Occurrence of ophthalmopathy after 
treatment for Graves’ hyperthyroidism. 
The Thyroid Study Group. N Engl J 
Med. 1992;326(26):1733-1738.

[57] Bartalena L, Chiovato L, Vitti P: 
Management of hyperthyroidism due to 
Graves’ disease: Frequently asked 
questions and answers (if any). J 
Endocrinol Invest 2016; 39: 1105-1114.

[58] Erbil Y, Ozluk Y, Giris M, 
Salmaslioglu A, Issever H, Barbaros U, 
Kapran Y, Ozarmagan S, Tezelman S: 
Effect of lugol solution on thyroid gland 
blood flow and microvessel density in 
the patients with Graves’ disease. J Clin 
Endocrinol Metab 2007; 92: 2182-2189.

[59] Sosa JA, Bowman HM, Tielsch JM, 
Powe NR, Gordon TA, Udelsman R: The 
importance of surgeon experience for 
clinical and economic outcomes from 
thyroidectomy. Ann Surg 2008; 228: 
320-330.

[60] Wilmar M. Wiersinga. Smoking and 
thyroid. Clinical Endocrinology (2013) 
79, 145-151).

[61] Salvi M, Vannucchi G, 
Beck-Peccoz P. Potential utility of 
rituximab for Graves’ orbitopathy. J Clin 
Endocrinol Metab. 
2013;98(11):4291-4299.

[62] Cooper DS, Laurberg P. 
Hyperthyroidism in pregnancy. Lancet 
Diabetes Endocrinol 2013; 1: 238-249.



15

Graves’ Disease: A Review
DOI: http://dx.doi.org/10.5772/intechopen.98686

[63] Leslie De Groot 1, Marcos 
Abalovich, Erik K Alexander, Nobuyuki 
Amino, Linda Barbour, Rhoda H Cobin. 
et al. Management of thyroid 
dysfunction during pregnancy and 
postpartum: an Endocrine Society 
clinical practice guideline. J Clin 
Endocrinol Metab 2012; 97: 2543-2565.

[64] Fatourechi, V. Pretibial myxedema: 
Pathophysiology and treatment options. 
Am. J. Clin. Dermatol. 6, 295-
309 (2005).

[65] Paul Sanders, Stuart Young, Jane 
Sanders, Katarzyna Kabelis, Stuart 
Baker, Andrew Sullivan. etal. Crystal 
structure of the TSH receptor (TSHR) 
bound to a blocking-type TSHR 
autoantibody. J Mol Endocrinol. 2011 
Feb 15; 46(2):81-99.

[66] Patrick Marcinkowski, Inna Hoyer, 
Edgar Specker, Jens Furkert, Claudia 
Rutz, Martin Neuenschwander. etal. A 
New Highly Thyrotropin Receptor-
Selective Small-Molecule Antagonist 
with Potential for the Treatment of 
Graves’ Orbitopathy. Thyroid. 2019 Jan; 
29(1):111-123.


