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ABSTRACT

Graves' disease (GD) is an autoimmune thyroid disease characterized by hyperthyroidism,

enlarged thyroid gland, and ophthalmopathy. It is the most common cause of hyperthyroidism,

especially in middle-aged women. The pathological mechanism involves the production of

antibodies against the TSH receptor (TRAbs), which leads to uncontrolled stimulation of the

thyroid gland and excessive production of thyroid hormones.

This study examined optimal treatment strategies for Graves' disease, emphasizing the critical

role of physician-patient collaboration. The paper discusses the clinical aspects of Graves'

disease, focusing on the recurrent nature of the disease with periods of exacerbations and

remissions. Additionally, attention is drawn to the commonly associated disease: orbitopathy,

which may lead to permanent damage to the orbital tissues, eye movement disorders,

deterioration of visual acuity, and even blindness.

The paper presents current therapeutic approaches, including pharmacotherapy, radioactive

iodine treatment and surgical interventions. It emphasizes the importance of personalized

treatment plans and the need for regular monitoring to minimize the risk of complications.

This study emphasizes active patient involvement in treatment decisions to determine the

most effective treatment strategy for Graves' disease, improving patient outcomes and quality

of life.

Key words: Graves’ disease, hyperthyroidism, treatment, thyroidectomy, radioiodine,

antithyroid drugs

INTRODUCTION

Graves' disease (GD) is an autoimmune disorder that impacts the thyroid gland. It is

characterized by the excessive production of thyroid hormones, caused by the uncontrolled

stimulation of the thyroid gland by TSH receptor antibodies in the bloodstream [22,35]. It is

the leading cause of hyperthyroidism and thyrotoxicosis. This condition can lead to a
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spectrum of symptoms including weight loss, tachycardia, heat intolerance, and

ophthalmopathy, which significantly impact the quality of life. Therefore, it is very important

for all healthcare professionals to delve deeper into the pathophysiology of the disease,

diagnostic techniques, treatment methods and relapse prevention strategies. This makes it

possible to provide patients with Graves' disease with the best and most accurate care [34,36].

The management of Graves' disease is challenging due to the chronic nature of the disease,

the variability in patient response to treatment, and the potential for significant side effects

associated with therapeutic interventions. It requires a careful balance between therapeutic

efficacy and the minimization of adverse effects, making patient engagement and tailored

treatment strategies imperative. The primary treatment options for Graves' disease include

antithyroid drugs (ATDs), radioactive iodine therapy (RAI), and thyroidectomy. Each

treatment modality presents distinct benefits and risks, necessitating a tailored approach based

on individual patient characteristics and preferences. The decision-making process for

selecting the most appropriate treatment for Graves' disease is complex and should ideally

involve a collaborative approach between the physician and the patient [7].

Aim of the Study

The aim of this study is to present various forms of treatment for Graves' disease and to

identify the most effective strategies. Our goal is to underscore the importance of a

collaborative approach between doctors and patients in the decision-making process, thereby

ensuring that treatment plans are tailored to meet individual patient needs and preferences.

Materials and Methods

For this review, we conducted searches across multiple databases, including PubMed,

Elsevier, Medline, and Google Scholar, to identify scientific literature with the most recent

knowledge on the pathophysiology, clinical presentation, diagnostic methods, and treatment

strategies for Graves' disease. We used keywords such as 'Graves' disease', 'hyperthyroidism’,

‘thyroidectomy’, ‘radioiodine’ and ‘antithyroid drugs’. Only articles written in English were

considered. The selected studies were carefully reviewed for their relevance to the topic of

this review.

CURRENT STATE OF KNOWLEDGE
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Pathophysiology

Graves' disease (GD) is an autoimmune disease that primarily affects the thyroid gland,

leading to hyperfunction of the organ and, consequently, hyperthyroidism. The

pathophysiology of GD is complex and involves both genetic predisposition and

environmental factors. The key element of this disease is the production of immunoglobulins -

autoantibodies that mimic the action of thyroid-stimulating hormone (TSH) and bind to the

TSH receptor on thyroid cells, causing uncontrolled activation of these receptors. This leads

to excessive synthesis and release of thyroid hormones such as thyroxine (T4) and

triiodothyronine (T3). Thyroid hormones affect many organ systems, and their excess

manifests itself with characteristic clinical symptoms [7,22,23].

TSH receptors are also present in orbital tissues, especially fibroblasts and adipocytes. They

are equally activated by autoantibodies directed against the TSH receptor (TRAbs), which

leads to the development of autoimmune inflammation also in the eye sockets [23,40].

The precise mechanisms triggering the autoimmune response in GD are not fully understood,

but it is believed that genetic predispositions and environmental factors play crucial roles in

its pathophysiology. Genetic predispositions, such as polymorphisms in the human leukocyte

antigen (HLA) region, account for up to 80% of the risk of developing the disease. The

remaining 20% is associated with environmental factors, including smoking, sex hormones,

pregnancy, stress, infections, and iodine intake. Environmental factors disrupt mechanisms

responsible for immunological tolerance, which, in genetically predisposed individuals, may

contribute to the onset of GD [7,24,38,39].

Clinical presentation

Graves' disease is a systemic autoimmune disease characterized by a wide spectrum of

symptoms. Depending on the development of the disease, the symptoms may vary in severity.

In the initial phase, we usually observe subclinical hyperthyroidism - this means that

symptoms may not yet be present or may be mild. However, in the next stage of the disease,

the symptoms gradually worsen or new ones appear, which means that an overt form of the

disease has developed [23].

The most troublesome symptoms are those resulting from excessive thyroid stimulation. One

of the more characteristic symptoms is goiter - enlargement of the thyroid gland, which may

be visible and palpable during a physical examination. The blood vessels around the enlarged
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organ may dilate, resulting in increased blood flow and an audible vascular murmur.

Increased production of thyroid hormones leads to accelerated metabolism, which is often

manifested by weight loss (despite excessive appetite), heat intolerance and excessive

sweating. These hormones affect many organ systems, such as the cardiovascular system,

central nervous system, and reproductive system. Heart palpitations, tachycardia at rest, as

well as anxiety, irritability, insomnia and hand tremors may often occur. Other symptoms that

patients may complain about include frequent bowel movements or diarrhea. Women may

complain of menstrual disorders, such as irregular or absent periods, as well as reduced libido,

which results from the influence of thyroid hormones on the body's hormonal balance [3,23].

The impact of the disease on the entire body may lead to a general feeling of fatigue and

weakened muscle strength. This is an important aspect because it significantly affects the

quality of life of patients [2,22].

Graves' disease is also associated with extrathyroidal symptoms, including orbital disease

(Graves' ophthalmopathy), skin changes (thyroid dermopathy), and rarely abnormalities of

fingertips and nails (thyroid acroachia) [7,27].

Ophthalmopathy manifests itself by inflammation and swelling of the tissues of the orbit and

eyelids, proptosis, redness of the conjunctiva and dysfunction of the eye muscles, which may

lead to limited eye movement. When corneal ulceration arises due to eyelid regurgitation or

optic neuropathy, the potential risk of vision loss must be considered [8,12].

Thyroid dermopathy, also known as pretibial edema, is another characteristic feature of

Graves' disease, although it occurs much less frequently. Myxedema of the shins without

involvement of the feet and characteristic skin lesions resembling an orange peel are observed

- discoloration and thickening of the lesion or plaques, which are asymmetric and convex [3].

Thyroid acropachy is the rarest manifestation of Graves' disease. It involves the thickening

and rounding of the distal phalanges due to swelling of the soft tissues in the hands and feet,

typically resulting in the clubbing of fingers and toes [3].

It should be noted that in the elderly population, the disease may present atypically, often

without specific clinical symptoms. It can manifest as a thyrocardiac syndrome, characterized
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by atrial fibrillation, exacerbation of heart failure, and coronary artery disease, or as an

apathetic syndrome, which includes severe depression and weight loss [2].

Graves' disease is characterized by a recurrent course with periods of exacerbation and

remission. Even in cases of untreated hyperthyroidism due to Graves' disease, the natural

course of the condition may lead to spontaneous remission. However, before reaching this

stage, patients are at risk of serious, life-threatening complications such as thyroid storm,

stroke, and myocardial infarction. Graves' orbitopathy follows a similar course, with potential

remission over time. Nevertheless, the risk of permanent damage to the orbital tissues remains,

which can lead to impaired eye movement, decreased visual acuity, and, in extreme cases,

even blindness [7,22,34].

Management

Graves' disease (GD) is a chronic condition that significantly impacts patients' quality of life.

If left untreated, it leads to severe cardiovascular and psycho-cognitive complications,

resulting in considerable morbidity and mortality [10]. The treatment of Graves' disease aims

to achieve and maintain a state of euthyroidism in the body, thereby preventing disease

relapse. This approach alleviates existing hyperthyroidism symptoms and prevents potential

complications such as the progression of ophthalmopathy or dermopathy [9].

For patients with GD, treatment requires a comprehensive and individualized approach that

considers various factors, including the severity of the disease, potential side effects of

treatments, and patient preferences. Currently, the primary treatment modalities are

antithyroid medications, radioactive iodine therapy, and surgical intervention—thyroidectomy

[30,20].

Antithyroid drugs

In the pharmacological treatment of Graves' disease, antithyroid drugs (ATDs)—also known

as thioamides, which include methimazole (MMI) and propylthiouracil (PTU)—are utilized.

Their primary mechanism of action is the inhibition of thyroid hormone (T3, T4) synthesis by

blocking thyroid peroxidase (TPO), a key enzyme in this process [7]. These drugs do not

affect the secretion of hormones that have already been synthesized; therefore, normalization
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of circulating hormone levels typically occurs within a few weeks of starting treatment [33].

Additionally, ATDs are thought to exert an immunosuppressive effect on the thyroid, leading

to a reduction in TRAb antibody levels, although these levels persist significantly longer than

thyroid hormone levels [9,30]. PTU also possesses the ability to peripherally block the

conversion of thyroxine (T4) to the more active triiodothyronine (T3) [1].

ATDs can be administered using two different methods: the titration method or the block-and-

replace method [7,45]. The titration method involves using a variable initial dose, usually 15–

40 mg of methimazole daily, which is gradually reduced to the lowest dose that maintains

euthyroidism. In contrast, the block-and-replace method involves administering a standard

dose of the ATD, such as 20–30 mg of methimazole daily, along with a replacement dose of

levothyroxine to prevent hypothyroidism. This method appears to be more effective in

reducing the autoimmune activity of the disease, potentially leading to a longer duration of

remission. However, a drawback of this approach is the need to take a higher number of

tablets daily, raising concerns about patient adherence to the prescribed regimen. Regular

monitoring of thyroid hormone levels is essential to adjust drug dosages and assess the

response to therapy. Initially, these checks should be conducted every 4-8 weeks until

euthyroidism is achieved, after which a decision on further management should be made [7].

ATDs often constitute the first line of treatment for Graves' disease due to their safety and

accessibility [4,20]. Their use allows for the achievement of euthyroidism in a relatively short

period and alleviates the symptoms of hyperthyroidism in a non-invasive and reversible

manner [29]. However, the main drawback of ATDs is the high recurrence rate of the disease

after discontinuation of therapy [20,41]. Relapse can be very burdensome for patients, due to

the recurrent symptoms of hyperthyroidism and the potential emergence of complications [30].

The treatment with antithyroid drugs (ATDs) is generally well tolerated by patients, with

adverse effects rarely reported; however, this does not mean they should be disregarded [18].

More common and usually mild side effects include itching, skin rashes, joint pain, muscle

aches, and nausea [9,29,30,35]. The side effects of methimazole (MMI) are dose-dependent

and are more frequently observed in the initial phase of therapy [43,44]. In contrast, the

adverse effects of propylthiouracil (PTU) are less clearly dose-related. Most adverse effects

resolve spontaneously or can be alleviated by reducing the drug dosage or using an

antihistamine [18].
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A serious adverse effect is agranulocytosis, a life-threatening condition characterized by a

drastic reduction in the number of granulocytes in the blood to less than 500/ml [30].

Agranulocytosis is rare, but its occurrence necessitates the immediate discontinuation of

treatment and the initiation of intensive therapy. It typically appears within the first three

months of therapy, and its incidence is not dependent on the type of drug used (MMI or PTU).

Before initiating ATD treatment, the granulocyte count should be measured—a result of less

than 500/ml is a contraindication for starting therapy. However, it is generally considered that

routine monitoring of granulocyte counts during treatment is unnecessary since

agranulocytosis occurs suddenly [7]. It is crucial that patients are aware of the potential risk

and seek immediate medical attention if concerning symptoms such as fever, sore throat, or

dysuric symptoms in women occur, to discontinue treatment [18].

Another serious, albeit even rarer, adverse effect primarily associated with PTU treatment is

hepatotoxicity, which typically appears after three months of therapy [30,35]. This allergic

hepatitis can lead to massive organ damage. In such cases, PTU treatment should be

immediately discontinued. Hepatic dysfunction is accompanied by increased aminotransferase

activity. Before starting ATD treatment, liver function parameters should be measured—an

aminotransferase level greater than five times the upper limit of normal is a contraindication

for treatment [7]. However, similar to the assessment of agranulocytosis, routine liver

function tests are not recommended. In patients with hyperthyroidism not undergoing

treatment, asymptomatic elevations in aminotransferase levels are common. These levels may

slightly increase after starting PTU treatment but typically normalize during therapy and do

not always predict further increases [18].

The primary challenge in ATD therapy is the high risk of relapse after discontinuation, which

presents a significant challenge for clinicians [29,41,42]. Scientific studies indicate that the

standard treatment regimen of ATDs for 12-18 months restores euthyroidism with

approximately a 50% risk of relapse after drug cessation [5]. However, some studies suggest

that long-term treatment may lead to a higher remission rate and a lower risk of relapse while

also being safe for the patient [5,20]. There are reports that the relapse rate after ATD therapy

may be associated with various factors. Thyroid volume, serum TRAb concentration, smoking,

postpartum period, severe biochemical hyperthyroidism, and Graves' ophthalmopathy may

significantly influence the increased risk of relapse, while the association with age, sex, and

family history remains uncertain [5,29]. However, none of these variables are sufficiently
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sensitive or specific to allow for accurate risk stratification on their own [5,7,18]. Nonetheless,

analyzing an individual patient's risk of relapse could be helpful in optimizing the duration of

treatment rather than assuming a predetermined long-term period [20].

Antithyroid drugs (ATDs) constitute an effective therapeutic option, enabling conservative

treatment without the need for thyroid tissue removal. They are characterized by a high safety

profile, allowing their use in both children and pregnant women. These drugs can be used for

extended periods, and their therapy can lead to remission, while simultaneously avoiding the

risk of developing hypothyroidism and other complications associated with more invasive

treatment methods [9]. However, one of the main limitations of ATD use is the high relapse

rate, which remains independent of the type of drug used or the treatment regimen [7,13].

β-blockers

β-blockers (β-adrenergic receptor antagonists) play a crucial role in the early stages of treating

Graves' disease, particularly in reducing symptoms caused by excessive sympathetic nervous

system activity. These symptoms include increased sweating, anxiety, muscle tremors,

palpitations, and tachycardia [7]. Drugs such as propranolol are particularly effective in

quickly reducing these symptoms due to their ability to inhibit β-adrenergic receptors and, at

higher doses, inhibit the peripheral conversion of thyroxine (T4) to triiodothyronine (T3). It is

important to note that β-blockers do not directly affect the synthesis or release of thyroid

hormones and, therefore, should not be used as monotherapy. They are a key component of

adjunctive therapy, providing rapid symptom relief and improving the quality of life for

patients. Monitoring blood pressure and being aware of potential side effects, such as

bradycardia or exacerbation of asthma symptoms, are essential for the safe use of β-blockers

[9].

Radioactive iodine therapy

Radioactive iodine therapy (RAI) is another commonly used treatment method for Graves'

disease. The thyroid gland has a unique ability to absorb iodine from the bloodstream, which

is exploited in this therapy. It involves the oral administration of radioactive iodine-131 (131I)

to the patient. This iodine is taken up by the follicular cells of the thyroid, resulting in the

accumulation of the isotope in the gland [9,18]. Iodine-131 emits beta radiation, which
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damages thyroid cells, causing an early inflammatory response, follicular cell necrosis, and

closure of blood vessels. These processes lead to a reduction in thyroid size and inhibition of

T3 and T4 hormone secretion, ultimately resulting in hypothyroidism.

Due to the selective uptake of 131I by the thyroid, this method is highly effective and

precisely targeted, thereby minimizing the impact on other tissues. Besides its safety, the main

advantage of this method is its effectiveness, with an approximate success rate of 80% [9].

Since the therapy results in the irreversible destruction of thyroid tissue, it can lead to

euthyroidism or even hypothyroidism, which is the primary adverse effect of this treatment. It

is considered optimal to administer the smallest effective dose of 131I that would restore

euthyroidism while avoiding hypothyroidism. Unfortunately, determining the ideal dose is

challenging due to various factors. Moreover, several studies suggest that calculated 131I

doses do not offer significant benefits (in terms of cure rate or prevention of hypothyroidism)

compared to fixed doses [11,19,32]. Therefore, the most common dosing regimen is the fixed-

dose regimen [16]. Additionally, it appears that the development of hypothyroidism is

inevitable and will occur regardless of the administered 131I dose. Therefore, it is important

to inform the patient about the likely outcomes and the need for subsequent lifelong

levothyroxine replacement therapy. In some cases, transient thyroiditis may occur,

manifesting as swelling and neck pain. There are also concerns about an increased risk of

thyroid cancer or other malignancies; however, the evidence is inconclusive.

Treatment with 131I may exacerbate preexisting ophthalmopathy due to the release of

autoantigens during thyroiditis induced by the therapy. Patients may also experience a lower

quality of life compared to those who underwent ATD therapy or surgical thyroidectomy

[30,36]. Hence, it is essential to individually assess the patient's situation and thoroughly

discuss potential benefits and risks before initiating a particular treatment method.

Collaboration between the doctor and the patient is crucial to ensure effective therapy,

adherence to recommendations, regular monitoring of thyroid function, and reporting of any

new symptoms. Radioactive iodine therapy is indicated for patients who have

contraindications to ATD therapy, those who have experienced a relapse after ATD treatment,

and patients who are not suitable candidates for surgery [28]. RAI is contraindicated in

pregnant women, women planning pregnancy within the next six months, breastfeeding

mothers, patients with thyroid cancer or its suspicion, patients who do not comply with

radiological safety guidelines, and patients with moderate to severe thyroid-associated

orbitopathy (TAO) [9,22,36].
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Surgical intervention

Surgical treatment is one of the options for managing Graves' disease (GD). It is relatively

rarely used and involves two surgical methods: total thyroidectomy, which entails the

complete removal of the gland and necessitates lifelong thyroid hormone supplementation

[30]; and partial thyroidectomy, which involves leaving a small portion of the gland, thereby

increasing the risk of disease recurrence. Therefore, the preferred and more commonly used

surgical option is total thyroidectomy [9,21].

Surgical intervention in GD is a definitive treatment method. It leads to rapid control of

hyperthyroidism and limits exposure to radioactivity, which may additionally prevent the

progression of Graves' ophthalmopathy (GO). Surgeons with extensive experience in thyroid

operations report that the complication rate after thyroidectomy in patients with Graves'

disease is less than 3% [17,37]. Nevertheless, the possibility of complications must be

considered. The most concerning complications include permanent damage to the recurrent

laryngeal nerve and hypoparathyroidism, which can occur in up to 5-10% of patients [25,31].

Other, rarer complications include transient hypocalcemia, postoperative bleeding, wound

infections, and scarring. Hypothyroidism, however, is generally regarded as a predictable

outcome of the surgery rather than a complication and occurs in the majority of patients

[18,30].

Surgery is primarily recommended in situations where other treatments (ATD or RAI) are

insufficient and the disease recurs, or when they are contraindicated, such as in pregnant

women or patients with GO [14,15]. Other indications for surgical treatment of GD include

large goiters causing compressive symptoms, suspected or confirmed thyroid cancer,

concurrent hyperparathyroidism, high levels of TRAb antibodies, and patient preference

[6,26,30]. Surgical treatment should also be considered in cases where the patient poorly

adheres to medical recommendations or has limited access to healthcare [9,18].

Surgical treatment of GD is safe and effective, especially for patients who cannot utilize other

therapeutic methods. Although it requires lifelong thyroid hormone supplementation and may

involve surgical complications, it minimizes the risk of disease recurrence and eliminates

potential complications associated with hyperthyroidism. Therefore, the decision to opt for
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this treatment method should be made individually, taking into account the clinical profile,

patient preferences, and access to healthcare.

Summary

In summary, the treatment of Graves' disease requires careful consideration of available

therapeutic methods and active collaboration between the patient and the physician. There are

three main treatment options: antithyroid drugs (ATDs), radioactive iodine therapy (RAI), and

surgical interventions, each with its unique advantages and disadvantages. ATDs offer the

possibility of preserving thyroid function but are associated with a high risk of relapse. RAI

therapy and surgical removal of the thyroid lead to permanent hypothyroidism, necessitating

lifelong hormone supplementation, but they offer a low recurrence rate [9,18,35]. Choosing

the appropriate therapy is a complex process that requires consideration of both short- and

long-term treatment effects, potential side effects, and patient preferences. It is crucial for the

physician to thoroughly discuss all available options, their benefits and drawbacks, and to

jointly decide on the optimal treatment path. The patient must be aware of the risks, benefits,

and logistics associated with each treatment method to make informed decisions [7,13].

Through clear communication and understanding of the patient's values and preferences, the

best therapeutic outcomes can be achieved. In some cases, the patient's health condition may

require temporary ATD treatment to achieve euthyroidism before making a long-term

therapeutic decision. Collaboration and patient involvement in the decision-making process

are essential to ensure effective treatment and improve the quality of life for individuals with

Graves' disease [10,20,35].

CONCLUSION

Choosing the best treatment strategy for Graves' disease is a multifaceted process that hinges

on a thorough understanding of the available therapeutic options and a collaborative approach

between the doctor and the patient. Each treatment modality—antithyroid drugs (ATDs),

radioactive iodine therapy (RAI), and surgical intervention—offers distinct benefits and
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potential drawbacks. The key to optimal management lies in tailoring the treatment plan to the

individual needs and preferences of the patient.

Antithyroid drugs offer a non-invasive option that can preserve thyroid function, although

they are associated with a higher risk of disease relapse. Radioactive iodine therapy and

thyroidectomy provide more definitive solutions with lower recurrence rates but necessitate

lifelong hormone replacement therapy due to induced hypothyroidism. The selection of the

appropriate treatment must consider both clinical aspects and the patient's lifestyle, values,

and expectations.

The selection of the appropriate treatment strategy must involve an active and open dialogue

between the patient and the healthcare provider. This collaborative process should include a

detailed discussion of the short- and long-term consequences of each treatment option, taking

into account the patient's medical history, lifestyle, values, and preferences. Patients should be

empowered to participate in decision-making by providing them with comprehensive

information about the benefits and risks associated with each treatment method. This

partnership builds trust, enhances patient satisfaction, and leads to more personalized and

effective care.

Given the complexity and variability of Graves' disease, an individualized approach to

treatment is essential. Factors such as the severity of the disease, the presence of comorbid

conditions, the patient's age, and their personal preferences must be considered. For example,

young patients or those planning pregnancy may prioritize preserving thyroid function and

avoiding radiation therapy, while older patients or those with significant comorbidities may

prefer a more definitive solution, such as surgery or RAI.

Effective management of Graves' disease extends beyond the initial treatment decision.

Regular monitoring of thyroid function, adjusting therapy as needed, and ongoing patient

education are critical components of long-term care. Patients should be encouraged to

promptly report any new or worsening symptoms and to attend follow-up appointments.

Providing psychological support and addressing quality of life issues, such as the impact of

the disease and its treatment on daily activities, can further improve patient outcomes.

In conclusion, the successful treatment of Graves' disease depends not only on the efficacy of

medical interventions but also on the strength of the doctor-patient relationship. A
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personalized approach, grounded in mutual respect and open dialogue, can significantly

enhance treatment outcomes and improve the overall quality of life for patients with Graves'

disease. By prioritizing patient engagement and individualized care, healthcare providers can

ensure that each patient receives the most appropriate and effective treatment tailored to their

unique situation.

AUTHORS CONTRIBUTION:

Conceptualization: Paula Kula, Mateusz Haber,

methodology: Alicja Kotula;

software: Adam Juśkiewicz;

check: Olga Grelewicz, Natalia Kucy, Elwira Servaas;

formal analysis: Elwira Servaas;

investigation: Olga Grelewicz;

resources: Adrianna Czachor;

data curation: Alicja Kotula;

writing - rough preparation: Paula Kula;

writing - review and editing: Natalia Kucy;

visualization: Adam Juśkiewicz, Robert Siemiątkowski;

supervision: Adrianna Czachor, Robert Siemiątkowski;

project administration: Mateusz Haber.

All authors have read and agreed with the published version of the manuscript.

Conflict of interest: The authors declare no conflict of interest.

Funding: This review has not received any external funding.

Statement of institutional review committee: not applicable

Informed consent: not applicable

Data availability: not applicable

Acknowledgments: not applicable

REFERENCES:



16

1. Abraham, P., Avenell, A., Park, C. M., Watson, W. A., & Bevan, J. S. (2005). A

systematic review of drug therapy for Graves' hyperthyroidism. European journal of

endocrinology, 153(4), 489–498. https://doi.org/10.1530/eje.1.01993

2. Abraham-Nordling, M., Törring, 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 : official journal of the American Thyroid Association, 15(11), 1279–

1286. https://doi.org/10.1089/thy.2005.15.1279

3. Antonelli, A., Fallahi, P., Elia, G., Ragusa, F., Paparo, S. R., Ruffilli, I., Patrizio, A.,

Gonnella, D., Giusti, C., Virili, C., Centanni, M., Shoenfeld, Y., & Ferrari, S. M.

(2020). Graves' disease: Clinical manifestations, immune pathogenesis (cytokines and

chemokines) and therapy. Best practice & research. Clinical endocrinology &

metabolism, 34(1), 101388. https://doi-1org-

100001adi1210.han3.wum.edu.pl/10.1016/j.beem.2020.101388

4. Azizi F. (2020). Long-Term Treatment of Hyperthyroidism with Antithyroid Drugs:

35 Years of Personal Clinical Experience. Thyroid : official journal of the American

Thyroid Association, 30(10), 1451–1457. https://doi.org/10.1089/thy.2019.0814

5. Azizi, F., Abdi, H., Amouzegar, A., & Habibi Moeini, A. S. (2023). Long-term

thionamide antithyroid treatment of Graves' disease. Best practice & research.

Clinical endocrinology & metabolism, 37(2), 101631.

https://doi.org/10.1016/j.beem.2022.101631

6. Bahn Chair, R. S., Burch, H. B., Cooper, D. S., Garber, J. R., Greenlee, M. C., Klein,

I., Laurberg, P., McDougall, I. R., Montori, V. M., Rivkees, S. A., Ross, D. S., Sosa, J.

A., Stan, M. N., American Thyroid Association, & American Association of Clinical

Endocrinologists (2011). Hyperthyroidism and other causes of thyrotoxicosis:

management guidelines of the American Thyroid Association and American

Association of Clinical Endocrinologists. Thyroid : official journal of the American

Thyroid Association, 21(6), 593–646. https://doi.org/10.1089/thy.2010.0417

7. Bartalena L. (2013). Diagnosis and management of Graves disease: a global

overview. Nature reviews. Endocrinology, 9(12), 724–734. https://doi-1org-

100001adi1210.han3.wum.edu.pl/10.1038/nrendo.2013.193

https://doi.org/10.1530/eje.1.01993
https://doi.org/10.1089/thy.2005.15.1279
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1016/j.beem.2020.101388
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1016/j.beem.2020.101388
https://doi.org/10.1089/thy.2019.0814
https://doi.org/10.1016/j.beem.2022.101631
https://doi.org/10.1089/thy.2010.0417
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1038/nrendo.2013.193
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1038/nrendo.2013.193


17

8. Bartalena, L., & Tanda, M. L. (2022). Current concepts regarding Graves'

orbitopathy. Journal of internal medicine, 292(5), 692–716. https://doi-1org-

100001adi1210.han3.wum.edu.pl/10.1111/joim.13524

9. Bobanga, I. D., & McHenry, C. R. (2019). Treatment of patients with Graves' disease

and the appropriate extent of thyroidectomy. Best practice & research. Clinical

endocrinology & metabolism, 33(4), 101319.

https://doi.org/10.1016/j.beem.2019.101319

10. Bolakale-Rufai, I. K., Abioro, I., Ngene, S. O., & Woldeamanuel, Y. (2023). Efficacy

of methimazole before the administration of radioactive iodine in the management of

Graves' disease: a systematic review and meta-analysis. Sao Paulo medical journal =

Revista paulista de medicina, 141(5), e2022225. https://doi.org/10.1590/1516-

3180.2022.0225.R1.19102022

11. Catargi, B., Leprat, F., Guyot, M., Valli, N., Ducassou, D., & Tabarin, A. (1999).

Optimized radioiodine therapy of Graves' disease: analysis of the delivered dose and

of other possible factors affecting outcome. European journal of

endocrinology, 141(2), 117–121. https://doi.org/10.1530/eje.0.1410117

12. Char D. H. (1991). The ophthalmopathy of Graves' disease. The Medical clinics of

North America, 75(1), 97–119. https://doi-1org-

100001adi1210.han3.wum.edu.pl/10.1016/s0025-7125(16)30474-6

13. El Kawkgi, O. M., Ross, D. S., & Stan, M. N. (2021). Comparison of long-term

antithyroid drugs versus radioactive iodine or surgery for Graves' disease: A review of

the literature. Clinical endocrinology, 95(1), 3–12. https://doi.org/10.1111/cen.14374

14. European Group of Graves' Orbitopathy, Perros, P., Baldeschi, L., Boboridis, K.,

Dickinson, A. J., Hullo, A., Kahaly, G. J., Kendall-Taylor, P., Krassas, G. E., Lane, C.

M., Lazarus, J. H., Marcocci, C., Marino, M., Mourits, M. P., Nardi, M., Orgiazzi, J.,

Pinchera, A., Pitz, S., Prummel, M. F., & Wiersinga, W. M. (2006). A questionnaire

survey on the management of Graves' orbitopathy in Europe. European journal of

endocrinology, 155(2), 207–211. https://doi.org/10.1530/eje.1.02201

15. Feroci, F., Rettori, M., Borrelli, A., Coppola, A., Castagnoli, A., Perigli, G., Cianchi,

F., & Scatizzi, M. (2014). A systematic review and meta-analysis of total

thyroidectomy versus bilateral subtotal thyroidectomy for Graves'

disease. Surgery, 155(3), 529–540. https://doi.org/10.1016/j.surg.2013.10.017

https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1111/joim.13524
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1111/joim.13524
https://doi.org/10.1016/j.beem.2019.101319
https://doi.org/10.1590/1516-3180.2022.0225.R1.19102022
https://doi.org/10.1590/1516-3180.2022.0225.R1.19102022
https://doi.org/10.1530/eje.0.1410117
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1016/s0025-7125(16)30474-6
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1016/s0025-7125(16)30474-6
https://doi.org/10.1111/cen.14374
https://doi.org/10.1530/eje.1.02201
https://doi.org/10.1016/j.surg.2013.10.017


18

16. Franklyn J. A. (1994). The management of hyperthyroidism. The New England

journal of medicine, 330(24), 1731–1738.

https://doi.org/10.1056/NEJM199406163302407

17. Genovese, B. M., Noureldine, S. I., Gleeson, E. M., Tufano, R. P., & Kandil, E.

(2013). What is the best definitive treatment for Graves' disease? A systematic review

of the existing literature. Annals of surgical oncology, 20(2), 660–667.

https://doi.org/10.1245/s10434-012-2606-x

18. Hegedüs L. (2009). Treatment of Graves' hyperthyroidism: evidence-based and

emerging modalities. Endocrinology and metabolism clinics of North America, 38(2),

355–ix. https://doi.org/10.1016/j.ecl.2009.01.009

19. Jarløv, A. E., Hegedüs, L., Kristensen, L. O., Nygaard, B., & Hansen, J. M. (1995). Is

calculation of the dose in radioiodine therapy of hyperthyroidism worth

while?. Clinical endocrinology, 43(3), 325–329. https://doi.org/10.1111/j.1365-

2265.1995.tb02039.x

20. Jin, M., Jang, A., Kim, C. A., Kim, T. Y., Kim, W. B., Shong, Y. K., Jeon, M. J., &

Kim, W. G. (2023). Long-term follow-up result of antithyroid drug treatment of

Graves' hyperthyroidism in a large cohort. European thyroid journal, 12(2), e220226.

https://doi.org/10.1530/ETJ-22-0226

21. Liu, Z. W., Masterson, L., Fish, B., Jani, P., & Chatterjee, K. (2015). Thyroid surgery

for Graves' disease and Graves' ophthalmopathy. The Cochrane database of systematic

reviews, 2015(11), CD010576. https://doi.org/10.1002/14651858.CD010576.pub2

22. Ma, C., Xie, J., Wang, H., Li, J., & Chen, S. (2016). Radioiodine therapy versus

antithyroid medications for Graves' disease. The Cochrane database of systematic

reviews, 2(2), CD010094. https://doi.org/10.1002/14651858.CD010094.pub2

23. McDougall I. R. (1991). Graves' disease. Current concepts. The Medical clinics of

North America, 75(1), 79–95. https://doi-1org-

100001adi1210.han3.wum.edu.pl/10.1016/s0025-7125(16)30473-4

24. McIver, B., & Morris, J. C. (1998). The pathogenesis of Graves'

disease. Endocrinology and metabolism clinics of North America, 27(1), 73–89.

https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1016/s0889-8529(05)70299-1

25. Pattou, F., Combemale, F., Fabre, S., Carnaille, B., Decoulx, M., Wemeau, J. L.,

Racadot, A., & Proye, C. (1998). Hypocalcemia following defiry: incidence and

https://doi.org/10.1056/NEJM199406163302407
https://doi.org/10.1245/s10434-012-2606-x
https://doi.org/10.1016/j.ecl.2009.01.009
https://doi.org/10.1111/j.1365-2265.1995.tb02039.x
https://doi.org/10.1111/j.1365-2265.1995.tb02039.x
https://doi.org/10.1530/ETJ-22-0226
https://doi.org/10.1002/14651858.CD010576.pub2
https://doi.org/10.1002/14651858.CD010094.pub2
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1016/s0025-7125(16)30473-4
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1016/s0025-7125(16)30473-4
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1016/s0889-8529(05)70299-1


19

prediction of outcome. World journal of surgery, 22(7), 718–724.

https://doi.org/10.1007/s002689900459

26. Ross, D. S., Burch, H. B., Cooper, D. S., Greenlee, M. C., Laurberg, P., Maia, A. L.,

Rivkees, S. A., Samuels, M., Sosa, J. A., Stan, M. N., & Walter, M. A. (2016). 2016

American Thyroid Association Guidelines for Diagnosis and Management of

Hyperthyroidism and Other Causes of Thyrotoxicosis. Thyroid : official journal of the

American Thyroid Association, 26(10), 1343–1421.

https://doi.org/10.1089/thy.2016.0229

27. Rotondi, M., Virili, C., Pinto, S., Coperchini, F., Croce, L., Brusca, N., Centanni, M.,

& Chiovato, L. (2020). The clinical phenotype of Graves' disease occurring as an

isolated condition or in association with other autoimmune diseases. Journal of

endocrinological investigation, 43(2), 157–162. https://doi-1org-

100001adi1210.han3.wum.edu.pl/10.1007/s40618-019-01094-7

28. Santos, R. B., Romaldini, J. H., & Ward, L. S. (2004). Propylthiouracil reduces the

effectiveness of radioiodine treatment in hyperthyroid patients with Graves'

disease. Thyroid : official journal of the American Thyroid Association, 14(7), 525–

530. https://doi.org/10.1089/1050725041517093

29. Shi, H., Sheng, R., Hu, Y., Liu, X., Jiang, L., Wang, Z., & Cui, D. (2020). Risk

Factors for the Relapse of Graves' Disease Treated With Antithyroid Drugs: A

Systematic Review and Meta-analysis. Clinical therapeutics, 42(4), 662–675.e4.

https://doi.org/10.1016/j.clinthera.2020.01.022

30. Sjölin, G., Holmberg, M., Törring, O., Byström, K., Khamisi, S., de Laval, D.,

Abraham-Nordling, M., Calissendorff, J., Lantz, M., Hallengren, B., Filipsson

Nyström, H., & Wallin, G. (2019). The Long-Term Outcome of Treatment for Graves'

Hyperthyroidism. Thyroid : official journal of the American Thyroid

Association, 29(11), 1545–1557. https://doi.org/10.1089/thy.2019.0085

31. Sosa, J. A., Bowman, H. M., Tielsch, J. M., Powe, N. R., Gordon, T. A., & Udelsman,

R. (1998). The importance of surgeon experience for clinical and economic outcomes

from thyroidectomy. Annals of surgery, 228(3), 320–330.

https://doi.org/10.1097/00000658-199809000-00005

32. Sridama, V., McCormick, M., Kaplan, E. L., Fauchet, R., & DeGroot, L. J. (1984).

Long-term follow-up study of compensated low-dose 131I therapy for Graves'

https://doi.org/10.1007/s002689900459
https://doi.org/10.1089/thy.2016.0229
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1007/s40618-019-01094-7
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1007/s40618-019-01094-7
https://doi.org/10.1089/1050725041517093
https://doi.org/10.1016/j.clinthera.2020.01.022
https://doi.org/10.1089/thy.2019.0085
https://doi.org/10.1097/00000658-199809000-00005


20

disease. The New England journal of medicine, 311(7), 426–432.

https://doi.org/10.1056/NEJM198408163110702

33. Streetman, D. D., & Khanderia, U. (2003). Diagnosis and treatment of Graves

disease. The Annals of pharmacotherapy, 37(7-8), 1100–1109. https://doi-1org-

100001adi1210.han3.wum.edu.pl/10.1345/aph.1C299

34. Subekti, I., & Pramono, L. A. (2018). Current Diagnosis and Management of Graves'

Disease. Acta medica Indonesiana, 50(2), 177–182.

35. Sundaresh, V., Brito, J. P., Wang, Z., Prokop, L. J., Stan, M. N., Murad, M. H., &

Bahn, R. S. (2013). Comparative effectiveness of therapies for Graves'

hyperthyroidism: a systematic review and network meta-analysis. The Journal of

clinical endocrinology and metabolism, 98(9), 3671–3677.

https://doi.org/10.1210/jc.2013-1954

36. Törring, O., Watt, T., Sjölin, G., Byström, K., Abraham-Nordling, M., Calissendorff,

J., Cramon, P. K., Filipsson Nyström, H., Hallengren, B., Holmberg, M., Khamisi, S.,

Lantz, M., & Wallin, G. (2019). Impaired Quality of Life After Radioiodine Therapy

Compared to Antithyroid Drugs or Surgical Treatment for Graves' Hyperthyroidism:

A Long-Term Follow-Up with the Thyroid-Related Patient-Reported Outcome

Questionnaire and 36-Item Short Form Health Status Survey. Thyroid : official journal

of the American Thyroid Association, 29(3), 322–331.

https://doi.org/10.1089/thy.2018.0315

37. Welch, K. C., & McHenry, C. R. (2011). Total thyroidectomy: is morbidity higher for

Graves' disease than nontoxic goiter?. The Journal of surgical research, 170(1), 96–99.

https://doi.org/10.1016/j.jss.2011.03.054

38. Brix, T. H., Kyvik, K. O., Christensen, K., & Hegedüs, L. (2001). Evidence for a

major role of heredity in Graves' disease: a population-based study of two Danish twin

cohorts. The Journal of clinical endocrinology and metabolism, 86(2), 930–934.

https://doi.org/10.1210/jcem.86.2.7242

39. Brand, O. J., & Gough, S. C. (2010). Genetics of thyroid autoimmunity and the role of

the TSHR. Molecular and cellular endocrinology, 322(1-2), 135–143.

https://doi.org/10.1016/j.mce.2010.01.013

40. Prabhakar, B. S., Bahn, R. S., & Smith, T. J. (2003). Current perspective on the

pathogenesis of Graves' disease and ophthalmopathy. Endocrine reviews, 24(6), 802–

835. https://doi.org/10.1210/er.2002-0020

https://doi.org/10.1056/NEJM198408163110702
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1345/aph.1C299
https://doi-1org-100001adi1210.han3.wum.edu.pl/10.1345/aph.1C299
https://doi.org/10.1210/jc.2013-1954
https://doi.org/10.1089/thy.2018.0315
https://doi.org/10.1016/j.jss.2011.03.054
https://doi.org/10.1210/jcem.86.2.7242
https://doi.org/10.1016/j.mce.2010.01.013
https://doi.org/10.1210/er.2002-0020


21

41. Vishnu Sundaresh, Juan P. Brito, Zhen Wang, Larry J. Prokop, Marius N. Stan,

Mohammad H. Murad, Rebecca S. Bahn, Comparative Effectiveness of Therapies for

Graves' Hyperthyroidism: A Systematic Review and Network Meta-Analysis, The

Journal of Clinical Endocrinology & Metabolism, Volume 98, Issue 9, 1 September

2013, Pages 3671–3677, https://doi.org/10.1210/jc.2013-1954

42. Brito, J. P., Payne, S., Singh Ospina, N., Rodriguez-Gutierrez, R., Maraka, S.,

Sangaralingham, L. R., Iñiguez-Ariza, N. M., Montori, V. M., & Stan, M. N. (2020).

Patterns of Use, Efficacy, and Safety of Treatment Options for Patients with Graves'

Disease: A Nationwide Population-Based Study. Thyroid : official journal of the

American Thyroid Association, 30(3), 357–364. https://doi.org/10.1089/thy.2019.0132

43. Cooper D. S. (2005). Antithyroid drugs. The New England journal of medicine, 352(9),

905–917. https://doi.org/10.1056/NEJMra042972

44. Nakamura, H., Noh, J. Y., Itoh, K., Fukata, S., Miyauchi, A., & Hamada, N. (2007).

Comparison of methimazole and propylthiouracil in patients with hyperthyroidism

caused by Graves' disease. The Journal of clinical endocrinology and

metabolism, 92(6), 2157–2162. https://doi.org/10.1210/jc.2006-2135

45. Abraham, P., Avenell, A., McGeoch, S. C., Clark, L. F., & Bevan, J. S. (2010).

Antithyroid drug regimen for treating Graves' hyperthyroidism. The Cochrane

database of systematic reviews, 2010(1), CD003420.

https://doi.org/10.1002/14651858.CD003420.pub4

https://doi.org/10.1210/jc.2013-1954
https://doi.org/10.1089/thy.2019.0132
https://doi.org/10.1056/NEJMra042972
https://doi.org/10.1210/jc.2006-2135
https://doi.org/10.1002/14651858.CD003420.pub4

