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Abstract---Background: Euthyroid Graves' disease (EGD) is an 

uncommon subtype of thyroid-associated ophthalmopathy 
characterized by orbital autoimmune inflammation occurring in the 

absence of clinical or biochemical thyroid dysfunction. Although it 

shares several immunopathological mechanisms with Graves' disease, 

EGD presents unique diagnostic and therapeutic challenges because 
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ocular manifestations frequently precede thyroid abnormalities and 

conventional thyroid autoantibodies may be absent. Early recognition 

is therefore essential to prevent disease progression and preserve 
visual function. Aim: This review aimed to summarize the current 

evidence regarding the epidemiology, risk factors, pathogenesis, 

clinical characteristics, diagnosis, and management considerations of 
euthyroid Graves' disease. Methods: A comprehensive narrative 

review of published literature was conducted, focusing on clinical 

studies, systematic reviews, observational investigations, and 
experimental research evaluating the immunological mechanisms, 

diagnostic biomarkers, imaging characteristics, clinical 

manifestations, and long-term outcomes of patients with EGD. 
Results: Available evidence indicates that EGD accounts for 

approximately 0.9–15.4% of Graves' ophthalmopathy cases and 

generally presents with milder, asymmetric, or unilateral orbital 

involvement. Orbital fibroblast activation, T-cell-mediated 
inflammation, and TSH receptor autoimmunity are central pathogenic 

mechanisms. Thyroid-stimulating antibodies demonstrate greater 

diagnostic sensitivity than conventional antibody assays, while orbital 
CT and MRI provide valuable diagnostic confirmation. Although most 

patients remain euthyroid initially, approximately 8–25% 

subsequently develop thyroid dysfunction during long-term follow-up. 
Early diagnosis and multidisciplinary management improve clinical 

outcomes and reduce the risk of vision-threatening complications. 

Conclusion: EGD represents a distinct autoimmune orbital disorder 
requiring comprehensive clinical evaluation, advanced serological 

testing, appropriate orbital imaging, and prolonged endocrinological 

surveillance. Improved understanding of its pathogenesis and 

biomarkers may facilitate earlier diagnosis and more individualized 
therapeutic strategies. 
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ophthalmopathy, Graves' orbitopathy, thyroid-stimulating antibodies, 
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Introduction  
 

Thyroid-associated ophthalmopathy (TAO), also referred to as thyroid eye disease 

(TED), represents the most common autoimmune inflammatory disorder affecting 

the orbit and is closely associated with autoimmune thyroid diseases, particularly 
Graves' disease and, less frequently, Hashimoto thyroiditis [1]. The condition is 

characterized by immune-mediated inflammation of the orbital connective tissues 

and extraocular muscles, leading to progressive orbital remodeling, expansion of 
adipose tissue, fibrosis, and varying degrees of ocular dysfunction. Clinical 

manifestations range from mild ocular discomfort and eyelid retraction to 

proptosis, restrictive extraocular myopathy, diplopia, exposure keratopathy, 
compressive optic neuropathy, and, in severe cases, permanent visual 

impairment. Although the disease frequently follows a self-limiting course, its 
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functional, cosmetic, and psychosocial consequences can substantially impair 
patients' quality of life and necessitate multidisciplinary management involving 

endocrinologists, ophthalmologists, radiologists, and orbital surgeons [1]. The 

occurrence of thyroid-associated ophthalmopathy is strongly linked to 
abnormalities in thyroid autoimmunity, with hyperthyroidism secondary to 

Graves' disease representing the predominant clinical association. Nevertheless, 

the disorder may also develop in patients with hypothyroidism or in individuals 

who remain euthyroid throughout the disease course. A systematic review 
conducted by Muñoz-Ortiz et al. demonstrated that approximately 86.2% of 

patients with thyroid-associated ophthalmopathy present with hyperthyroidism, 

whereas 10.36% exhibit hypothyroidism and only 7.9% remain euthyroid [2]. 
These epidemiological findings emphasize the close relationship between orbital 

inflammation and thyroid dysfunction while simultaneously highlighting the 

existence of a clinically important subgroup of patients in whom ophthalmopathy 
develops independently of overt thyroid disease. 

 

The temporal relationship between thyroid dysfunction and orbital manifestations 
is highly variable and contributes significantly to the diagnostic complexity of 

thyroid-associated ophthalmopathy. Although thyroid dysfunction commonly 

precedes the onset of ocular manifestations, ophthalmic involvement may develop 

before biochemical or clinical evidence of thyroid disease becomes apparent. 
Previous investigations have reported that ophthalmopathy precedes thyroid 

dysfunction in approximately 19.6% of affected individuals, whereas nearly 80% 

of patients with Graves' disease develop ophthalmologic manifestations within 18 
months following the diagnosis of thyroid dysfunction [3]. These observations 

indicate that orbital disease and thyroid abnormalities do not necessarily evolve 

simultaneously and underscore the importance of maintaining a high index of 
clinical suspicion when evaluating patients presenting with unexplained 

inflammatory orbital disease. Among the various clinical phenotypes of thyroid-

associated ophthalmopathy, euthyroid Graves' disease (EGD) represents an 
uncommon yet clinically significant entity. EGD is defined as autoimmune 

infiltrative orbitopathy occurring in individuals who demonstrate no current or 

previous clinical or biochemical evidence of thyroid dysfunction and who have not 

received antithyroid therapy [4]. Unlike classical Graves' ophthalmopathy, 
patients with EGD present with characteristic orbital manifestations despite 

maintaining normal thyroid hormone concentrations and the absence of clinically 

detectable thyroid disease. The rarity of this condition presents considerable 
diagnostic challenges, frequently resulting in delayed recognition or misdiagnosis 

as other inflammatory, neoplastic, infectious, or idiopathic orbital disorders. 

Consequently, careful exclusion of alternative orbital pathologies is required 
before establishing the diagnosis of euthyroid Graves' disease. 
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Figure 1. Graves Disease Symptoms 

 

The limited prevalence of EGD has resulted in relatively few comprehensive 

investigations evaluating its epidemiology, clinical characteristics, natural history, 
immunopathogenesis, and therapeutic outcomes. Most of the available evidence 

originates from isolated case reports, small retrospective series, and narrative 

reviews rather than large prospective clinical studies [5]. Consequently, many 

aspects of the disease remain incompletely understood, including the precise 
mechanisms responsible for orbital inflammation in the absence of clinically 

apparent thyroid dysfunction, the optimal diagnostic criteria, predictors of disease 

progression, and the most effective long-term management strategies. This 
scarcity of high-quality evidence continues to pose challenges for clinicians 

managing affected patients and highlights the need for further multicenter 

investigations. An important clinical consideration in patients diagnosed with 
euthyroid Graves' disease is the possibility that orbital manifestations represent 

the earliest phase of evolving autoimmune thyroid disease rather than a 

permanently isolated orbital disorder. Current evidence suggests that euthyroid 
ophthalmopathy may precede the future development of thyroid dysfunction, 

indicating that the orbital autoimmune process can become clinically evident 

before detectable abnormalities in thyroid hormone production or thyroid gland 

function emerge [5]. Furthermore, some patients categorized as euthyroid may 
have experienced previous transient or subclinical thyroid abnormalities that 

remained undetected because of spontaneous resolution or lack of biochemical 

assessment during the earlier stages of disease [5]. These observations reinforce 
the concept that euthyroid Graves' disease exists within the broader clinical 

spectrum of autoimmune thyroid disorders rather than representing an entirely 

separate pathological entity. For these reasons, continuous biochemical 
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surveillance constitutes a fundamental component of patient management. 
Periodic assessment of thyroid function and thyroid autoantibodies is essential 

throughout follow-up, even in patients who initially demonstrate persistently 

normal thyroid hormone concentrations. Longitudinal studies have reported that 
overt dysthyroidism subsequently develops in approximately 8–25% of patients 

within 15–45 months after the initial presentation of euthyroid ophthalmopathy 

[5]. Nevertheless, considerable heterogeneity exists in disease progression, as 

illustrated by reports describing individuals who remained euthyroid despite 
prolonged observation extending over 12 years without developing any clinical or 

biochemical evidence of thyroid dysfunction [6]. These findings emphasize the 

unpredictable clinical course of euthyroid Graves' disease and support the 
necessity for individualized long-term monitoring, comprehensive endocrine 

evaluation, and coordinated multidisciplinary follow-up to facilitate early 

detection of thyroid abnormalities and optimize clinical outcomes [5,6]. 
 

Epidemiology and Risk Factors 

 
Euthyroid Graves' disease (EGD) represents an uncommon clinical subtype within 

the spectrum of thyroid-associated ophthalmopathy (TAO), characterized by the 

presence of orbital inflammatory manifestations despite normal thyroid function 

and the absence of clinically apparent thyroid disease. Although Graves' 
orbitopathy (GO) is most frequently associated with hyperthyroidism, 

accumulating evidence indicates that orbital involvement may also occur in 

euthyroid individuals, thereby creating significant diagnostic and therapeutic 
challenges. The reported prevalence of Graves' orbitopathy in patients with 

normal thyroid function varies considerably across published studies, ranging 

from 0.9% to 15.4% [2]. This wide variation is likely attributable to differences in 
study populations, diagnostic criteria, duration of follow-up, laboratory 

methodologies, and geographical and ethnic factors. Furthermore, because 

euthyroid patients frequently remain undiagnosed or are initially misclassified as 
having idiopathic orbital inflammatory disorders, the true prevalence of EGD is 

likely underestimated. The demographic characteristics of euthyroid Graves' 

disease appear to resemble those observed in patients with conventional thyroid-

associated ophthalmopathy. Comparative analyses have demonstrated that the 
average age at disease onset is approximately 53.3 years among euthyroid 

patients and 54.6 years among individuals with dysthyroid Graves' 

ophthalmopathy, suggesting that age does not substantially influence the clinical 
phenotype of orbital disease [7]. These findings support the concept that 

autoimmune orbital inflammation develops during a similar period of adult life 

regardless of thyroid functional status. Nevertheless, subtle differences in 
demographic characteristics have been reported, particularly regarding sex 

distribution and disease severity. 

 
Although Graves' disease generally demonstrates a marked female predominance, 

the gender distribution appears less pronounced among patients with euthyroid 

Graves' disease. Comparative studies have suggested that the overall sex ratio is 
relatively similar between euthyroid and dysthyroid populations [7]. However, 

other investigations have identified lower female-to-male ratios of approximately 

1.62 among euthyroid patients compared with 3.2 in classical Graves' disease, 

indicating a relatively greater frequency of orbital involvement among men who 
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remain euthyroid [7]. Interestingly, despite this increased representation of males 

within the euthyroid population, several studies have observed that male patients 

tend to develop milder and frequently asymmetric forms of thyroid-associated 
ophthalmopathy, characterized by unilateral or markedly unequal orbital 

involvement [8]. These observations suggest that sex-related biological factors 

may influence disease expression independently of thyroid hormone abnormalities 
and warrant further investigation into the immunological and genetic 

mechanisms underlying these differences. The pathogenesis of euthyroid Graves' 

disease is multifactorial and results from a complex interaction between genetic 
susceptibility, immune dysregulation, hormonal influences, and environmental 

exposures. Similar to classical Graves' ophthalmopathy, disease development is 

believed to require the convergence of multiple endogenous and exogenous risk 
factors that collectively initiate and perpetuate autoimmune inflammation within 

orbital tissues [2]. Endogenous factors include inherited genetic predisposition, 

advancing age, sex, and elevated concentrations of thyrotropin receptor 

antibodies (TRAb), whereas environmental contributors encompass iodine intake, 
oxidative stress, cigarette smoking, psychosocial stress, bacterial and viral 

infections, as well as exposure to certain medications capable of altering immune 

function [2]. The multifactorial nature of EGD explains the considerable 
variability in disease onset, severity, progression, and therapeutic response 

observed among affected individuals. 

 
Among the recognized environmental risk factors, cigarette smoking remains the 

most consistently established and clinically significant determinant of disease 

development and progression. Smoking prevalence among patients with euthyroid 
Graves' disease closely parallels that reported in hyperthyroid and hypothyroid 

forms of thyroid-associated ophthalmopathy, emphasizing that tobacco exposure 

exerts its pathogenic effects independently of thyroid functional status [5]. 

Termote et al. reported that approximately 40% of patients with euthyroid Graves' 
disease were active smokers, highlighting the substantial contribution of tobacco 

use to disease occurrence [5]. Numerous investigations have demonstrated that 

cigarette smoking significantly increases both the likelihood of developing thyroid-
associated ophthalmopathy and the severity of orbital inflammation. Smoking has 

been associated with accelerated disease progression, increased orbital tissue 

expansion, greater degrees of proptosis, higher incidence of restrictive extraocular 
myopathy leading to diplopia, and poorer visual outcomes [9]. Moreover, smoking 

adversely influences therapeutic efficacy, as smokers frequently exhibit delayed or 

diminished responses to immunosuppressive therapy, particularly in patients 
with moderate-to-severe active Graves' orbitopathy [9]. These observations 

underscore the importance of smoking cessation as a fundamental component of 

disease prevention and comprehensive patient management. Autoimmune 

mechanisms remain central to the pathogenesis of euthyroid Graves' disease, with 
thyrotropin receptor antibodies playing a pivotal role in both thyroid dysfunction 

and orbital inflammation. TRAb are well established as the principal pathogenic 

autoantibodies responsible for stimulating thyroid hormone production in Graves' 
hyperthyroidism [10]. However, their biological activity extends beyond the 

thyroid gland, as thyrotropin receptors are also expressed on orbital fibroblasts 

and preadipocytes. Activation of these receptors promotes inflammatory cytokine 
production, fibroblast proliferation, adipogenesis, glycosaminoglycan 

accumulation, and progressive expansion of orbital connective tissues. 
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Importantly, these pathogenic processes may occur even in the absence of overt 
thyroid dysfunction, providing a plausible explanation for the development of 

ophthalmopathy in euthyroid individuals. 

 
Several studies have investigated the relationship between disease activity and 

circulating thyroid autoantibody concentrations in euthyroid patients. Gerding et 

al. evaluated untreated individuals with euthyroid ophthalmopathy and 

demonstrated a significant association between clinical disease activity, degree of 
proptosis, and serum concentrations of thyroid-stimulating antibodies (TSAb) and 

thyrotropin-binding inhibitory immunoglobulins (TBII) [11]. Elevated TSAb and 

TBII titers correlated positively with disease severity, suggesting that these 
immunological markers may serve as valuable indicators of orbital inflammatory 

activity even when thyroid hormone concentrations remain within normal limits. 

These findings support the concept that autoimmune activation rather than 
thyroid dysfunction itself constitutes the principal driver of orbital disease 

progression in euthyroid Graves' disease. Genetic susceptibility has also been 

implicated in the development of euthyroid Graves' disease, although the precise 
genetic architecture remains incompletely understood. Human leukocyte antigen 

(HLA) polymorphisms appear to contribute significantly to disease susceptibility 

by influencing antigen presentation and adaptive immune responses. Inoue et al. 

compared HLA typing among patients with euthyroid ophthalmopathy, Graves' 
ophthalmopathy, and Hashimoto thyroiditis-associated ophthalmopathy, 

demonstrating that euthyroid disease possesses a distinct genetic profile differing 

substantially from the other clinical subgroups [12]. Significant associations were 
identified with several HLA antigens, including HLA-B40 (w61), DR9, DQw3, HLA-

B12, and Cw1, highlighting the genetic heterogeneity characteristic of euthyroid 

Graves' disease [12]. Among these markers, HLA-B12 exhibited the most striking 
difference, demonstrating an approximately 17-fold increase in frequency among 

euthyroid patients compared with the other study groups [12]. These observations 

suggest that unique immunogenetic pathways may predispose certain individuals 
to isolated orbital autoimmunity while protecting against clinically overt thyroid 

dysfunction. 

 

Interestingly, despite evidence supporting a genetic contribution, other 
observations indicate that hereditary factors alone cannot fully explain disease 

development. Inoue et al. proposed that specific genetic mechanisms may actually 

protect susceptible individuals from developing persistent hyperthyroidism 
despite ongoing autoimmune orbital inflammation [12]. Furthermore, the 

relatively low prevalence of family history of diffuse goiter among patients with 

euthyroid Graves' disease suggests that traditional familial genetic risk factors 
associated with Graves' hyperthyroidism may play a comparatively limited role in 

isolated ophthalmopathy [12]. Nevertheless, additional investigations have 

continued to demonstrate evidence supporting genetic susceptibility. Ardley et al. 
reported that approximately 33% of euthyroid patients developed mild ocular 

manifestations associated with circulating autoantibodies directed against 

collagen XIII and calsequestrin-1 (CASQ1), both of which are expressed within 
extraocular muscle tissues [13]. The presence of these tissue-specific 

autoantibodies suggests that immune responses targeting orbital antigens may 

contribute to disease initiation independently of thyroid autoimmunity. 

Collectively, these findings indicate that euthyroid Graves' disease arises from a 
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multifaceted interaction between genetic predisposition, immune-mediated 

mechanisms, environmental exposures, and modifiable lifestyle factors, 

emphasizing the importance of individualized risk assessment and long-term 
clinical surveillance in affected patients. 

 

Pathogenesis and Diagnosis of EGD 
 

Euthyroid Graves' disease (EGD) shares several immunological and pathological 

characteristics with classical Graves' disease; however, the two conditions differ 
in their principal target organs and clinical manifestations. In EGD, the 

autoimmune response predominantly affects the orbital tissues while thyroid 

function remains clinically and biochemically normal, whereas Graves' disease 
primarily involves autoimmune stimulation of the thyroid gland leading to 

hyperthyroidism [2]. Despite these clinical differences, both disorders share the 

thyrotropin receptor (TSH-R) as a major autoantigen, highlighting the close 

immunopathological relationship between thyroid dysfunction and thyroid-
associated ophthalmopathy. The selective orbital involvement observed in EGD 

suggests that local immunological mechanisms, tissue-specific susceptibility, and 

distinct molecular pathways contribute to disease development independently of 
overt thyroid abnormalities. The pathogenesis of EGD is driven by a complex 

interplay between immune cells, orbital fibroblasts, cytokines, and 

autoantibodies. Orbital fibroblasts serve as the principal effector cells in the 
disease process and play a central role in initiating and sustaining orbital 

inflammation. Autoimmune activation begins with the recruitment of activated T 

lymphocytes into the orbital connective tissue, where they interact with orbital 
fibroblasts expressing TSH-R and other surface receptors. This interaction 

stimulates fibroblast proliferation and promotes the production of large quantities 

of glycosaminoglycans, particularly hyaluronan, which possesses strong 

hydrophilic properties that lead to tissue edema and expansion of orbital contents 
[14]. In addition to extracellular matrix production, orbital fibroblasts can 

differentiate into adipocytes and myofibroblasts, thereby contributing to orbital 

fat expansion, fibrosis, and progressive remodeling of orbital tissues. These 
pathological changes ultimately produce the characteristic clinical manifestations 

of thyroid-associated ophthalmopathy, including proptosis, eyelid retraction, 

diplopia, and restricted ocular motility. 
 

Several intracellular signaling pathways regulate fibroblast activation and disease 

progression in EGD. Activation of TSH-R stimulates both the 
phosphatidylinositol-3 kinase/protein kinase B (PI3K/Akt) signaling cascade and 

the adenylyl cyclase/cyclic adenosine monophosphate (cAMP) pathway, both of 

which promote fibroblast proliferation, adipogenesis, and glycosaminoglycan 

synthesis [14]. Furthermore, insulin-like growth factor-1 receptor (IGF-1R) 
signaling has emerged as another important contributor to orbital inflammation 

and tissue remodeling. The interaction between TSH-R and IGF-1R amplifies 

inflammatory responses within the orbit and enhances fibroblast activation, 
emphasizing the multifactorial molecular mechanisms responsible for disease 

progression. These signaling pathways have attracted considerable attention 

because they represent promising therapeutic targets for future biologic 
interventions. Immune-mediated inflammation within the orbit is further 

intensified through continuous interactions between activated T lymphocytes and 
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autoreactive B lymphocytes. Activated T cells release numerous pro-inflammatory 
cytokines that sustain chronic inflammation and recruit additional immune cells 

into orbital tissues [15]. This inflammatory microenvironment stimulates orbital 

fibroblasts to maintain extracellular matrix production while simultaneously 
promoting adipocyte differentiation and tissue remodeling. The cumulative 

consequences include enlargement of extraocular muscles, expansion of orbital 

adipose tissue, progressive orbital congestion, and fibrosis, all of which contribute 

to the characteristic clinical features of EGD. Experimental studies have further 
clarified the immunological basis of orbital involvement. Wakelkamp et al. 

demonstrated that expression of TSH receptor messenger RNA was significantly 

higher in orbital adipose and connective tissues obtained from patients with 
active untreated Graves' ophthalmopathy compared with patients exhibiting 

inactive disease [16]. These findings support the concept that increased local 

TSH-R expression enhances tissue susceptibility to autoimmune attack and 
contributes to disease activity. Moreover, the inflammatory environment in active 

orbital disease is characterized predominantly by T helper type 1 (Th1) cytokines, 

indicating that cellular immune responses dominate the early phase of disease 
development before humoral immunity becomes fully established [16]. As disease 

progresses, autoreactive B cells produce thyroid-specific autoantibodies that 

amplify inflammation and perpetuate orbital tissue damage. 

 
Additional autoimmune mechanisms have also been proposed in the pathogenesis 

of EGD. Autoantigens derived from extraocular muscles, particularly 

calsequestrin, have been identified as potential targets of the autoimmune 
response. Calsequestrin has demonstrated promising diagnostic value as a 

sensitive and specific biomarker for thyroid-associated ophthalmopathy and may 

contribute directly to immune-mediated injury of extraocular muscles [17]. 
Recognition of these novel autoantigens has broadened current understanding of 

disease mechanisms and may facilitate the development of more accurate 

diagnostic tools and targeted therapeutic strategies. Diagnosing EGD remains 
particularly challenging because patients exhibit characteristic ophthalmopathy 

despite maintaining normal thyroid hormone concentrations and lacking a 

previous history of thyroid dysfunction. Consequently, diagnosis requires careful 

integration of clinical findings, laboratory investigations, and orbital imaging 
studies. Biochemical evaluation should demonstrate normal serum 

concentrations of thyroxine (T4), triiodothyronine (T3), and thyroid-stimulating 

hormone (TSH), while simultaneously excluding any previous thyroid disease or 
antithyroid treatment [18]. Since thyroid dysfunction may develop months or 

years after the onset of ophthalmopathy, long-term monitoring of thyroid function 

is considered an essential component of patient management. Imaging modalities 
play an important complementary role in confirming orbital involvement and 

assessing disease severity. Contrast-enhanced computed tomography (CT), T2-

weighted short tau inversion recovery (STIR) magnetic resonance imaging (MRI), 
and orbital ultrasonography provide detailed visualization of extraocular muscle 

enlargement, orbital fat expansion, inflammatory edema, and other structural 

abnormalities characteristic of thyroid-associated ophthalmopathy [18]. These 
imaging techniques are valuable not only for establishing the diagnosis but also 

for evaluating disease activity, monitoring therapeutic response, and excluding 

alternative orbital pathologies. 
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Serological assessment significantly enhances diagnostic accuracy in patients 

suspected of having EGD. Detection of thyroid-specific autoantibodies, including 

thyrotropin receptor antibodies (TRAb), thyrotropin-binding inhibitory 
immunoglobulins (TBII), thyroid-stimulating antibodies (TSAb), thyroid peroxidase 

antibodies (TPOAb), thyroglobulin antibodies (TgAb), and long-acting thyroid 

stimulator assays, strongly supports the diagnosis despite preserved thyroid 
function [18]. Because both ophthalmopathy and thyroid-stimulating antibodies 

are highly specific indicators of Graves' disease, simultaneous measurement of 

TBII and TSAb is particularly valuable in atypical presentations, including 
unilateral disease or cases lacking prominent inflammatory manifestations [19]. 

Given the absence of thyroid dysfunction, EGD frequently resembles several other 

orbital disorders, making differential diagnosis an essential aspect of clinical 
evaluation. Alternative conditions requiring exclusion include idiopathic orbital 

inflammatory disease, sarcoidosis, amyloidosis, orbital cellulitis, vascular 

malformations, orbital neoplasms, lymphoma, systemic vasculitides, 

hydrocephalus, and drug-induced proptosis associated with agents such as 
lithium or corticosteroids [20]. Careful integration of clinical presentation, 

laboratory investigations, imaging findings, and immunological markers enables 

clinicians to establish an accurate diagnosis while minimizing diagnostic delay 
and facilitating timely therapeutic intervention. 

 

Clinical Characteristics of EGD 
 

Euthyroid Graves' disease (EGD) demonstrates a clinical course that closely 

resembles thyroid-associated ophthalmopathy (TAO) associated with Graves' 
disease, although it generally presents with milder manifestations and preserved 

thyroid function. The natural history of the disease follows the biphasic model 

described by Rundle, consisting of an initial active inflammatory phase followed 

by a chronic inactive stage. During the active phase, progressive autoimmune 
inflammation leads to orbital tissue edema, enlargement of extraocular muscles, 

and expansion of orbital adipose tissue. This inflammatory period usually persists 

for approximately 6–18 months before stabilizing into a chronic fibrotic phase 
characterized by minimal inflammatory activity but persistent structural 

abnormalities [21]. Understanding this temporal progression is essential because 

therapeutic interventions are generally most effective during the active 
inflammatory stage, whereas surgical rehabilitation is typically reserved for the 

stable chronic phase. The clinical manifestations of EGD largely parallel those 

observed in conventional Graves' ophthalmopathy, although disease severity is 
generally less pronounced. The most frequently encountered clinical findings 

include eyelid retraction, proptosis, restrictive strabismus resulting from 

extraocular muscle involvement, and, less commonly, dysthyroid optic 

neuropathy [15]. Ocular discomfort, diplopia, periorbital edema, conjunctival 
injection, and impaired ocular motility may also occur depending on disease 

activity and the extent of orbital inflammation. An unusual but clinically 

significant manifestation is blepharoptosis, which should prompt evaluation for 
concomitant myasthenia gravis because ptosis is uncommon in isolated thyroid-

associated ophthalmopathy and may indicate the coexistence of another 

autoimmune neuromuscular disorder [22]. 
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Several comparative clinical investigations have provided important insights into 
the distinctive characteristics of EGD. Komoto et al. performed a three-year 

comparative study evaluating patients with EGD and untreated Graves' 

ophthalmopathy and demonstrated that EGD occurred more frequently among 
male patients than previously recognized [23]. The investigators observed that 

proptosis, eyelid retraction, and enlargement of the extraocular muscles 

represented the predominant ophthalmic manifestations. Endocrinological 

evaluation revealed relatively higher thyrotropin concentrations in euthyroid 
patients despite preserved thyroid hormone levels. Thyroid-stimulating antibodies 

(TSAb) were detected in approximately 40% of patients, whereas thyrotropin 

receptor antibodies (TRAb), thyroid peroxidase antibodies (TPOAb), and 
thyroglobulin antibodies (TgAb) were identified in 35%, 25%, and 21% of cases, 

respectively [23]. These findings emphasize that although thyroid autoantibodies 

support the diagnosis, their absence does not exclude EGD. Further evidence 
regarding disease severity has been provided by Eckstein et al., who investigated 

the prevalence, clinical activity, disease severity, antibody profiles, and long-term 

outcomes among euthyroid, hypothyroid, and hyperthyroid Caucasian patients 
with Graves' ophthalmopathy during a 36-month follow-up period [24]. Disease 

severity was assessed using the NO SPECS classification, while inflammatory 

activity was evaluated using Mourits' Clinical Activity Score (CAS). Their findings 

demonstrated that cigarette smoking remained a major environmental risk factor 
across all thyroid function groups. Nevertheless, euthyroid patients generally 

experienced less severe ophthalmopathy, lower inflammatory activity scores, and 

significantly reduced soft-tissue inflammation compared with patients exhibiting 
thyroid dysfunction. A particularly distinctive characteristic of EGD was the 

markedly asymmetric presentation of orbital disease, frequently demonstrated by 

differences in proptosis exceeding 3 mm between the two eyes [24]. These 
observations reinforce the concept that asymmetrical orbital involvement should 

increase clinical suspicion for EGD, particularly in patients with otherwise normal 

thyroid function. The predominance of unilateral or markedly asymmetric disease 
has been consistently confirmed by subsequent investigations. Kavoussi et al. 

similarly reported a higher frequency of asymmetric ophthalmopathy among 

euthyroid patients [8]. Importantly, none of the euthyroid patients included in the 

study by Eckstein et al. developed severe visual loss or dysthyroid optic 
neuropathy during follow-up, suggesting a generally more favorable clinical 

course [24]. Endocrinological assessment further demonstrated that TRAb 

concentrations remained significantly lower among euthyroid patients throughout 
the six-month observation period. Suppressed thyroid-stimulating hormone 

together with detectable TRAb were identified as the strongest predictors of future 

development of euthyroid ophthalmopathy. However, the diagnosis remains 
challenging because thyroid dysfunction frequently develops after the onset of 

ocular manifestations, thereby creating considerable diagnostic uncertainty [25]. 

Approximately 18% of patients with Graves' disease develop thyroid dysfunction 
within one year after ophthalmopathy onset, whereas nearly one-quarter of 

euthyroid patients subsequently develop thyroid abnormalities within four years. 

Furthermore, TSAb measurements appear to possess greater diagnostic 
sensitivity than conventional antibody testing for identifying EGD [24]. 

 

Additional clinical observations have been reported in Asian populations. Jang et 

al. evaluated Korean patients with EGD and found unilateral orbital involvement 
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in approximately 79.2% of patients, emphasizing that asymmetric disease 

represents a hallmark feature of this condition [3]. Upper eyelid retraction 

constituted the predominant clinical sign, occurring in 91.7% of affected 
individuals [3]. Disease activity and severity were comparable to those described 

by Eckstein et al. [24], while the average duration of ophthalmic symptoms before 

diagnosis was approximately three months. Most patients maintained normal 
thyroid function throughout follow-up, although a small proportion eventually 

developed biochemical thyroid abnormalities. Although TRAb remained an 

important diagnostic biomarker, antibody concentrations were consistently lower 
than those observed in patients with hyperthyroid Graves' disease [3]. 

Interestingly, several patients developed classical ophthalmopathy despite 

negative TRAb results, highlighting the temporal variability of antibody 
production and emphasizing the importance of early antibody testing after 

symptom onset. Evidence also suggests that TSAb bioassays provide greater 

diagnostic specificity than conventional thyrotropin-binding inhibitory 

immunoglobulin (TBII) assays [26]. Clinical observations reported by Termote et 
al. further support the concept that EGD generally follows a milder clinical course 

characterized predominantly by unilateral orbital disease [5]. The investigators 

proposed that previous transient exposure to elevated thyroid hormone 
concentrations may contribute to the development of proptosis and extraocular 

muscle restriction even in patients who subsequently demonstrate normal thyroid 

function [5]. Preservation of euthyroidism appears to favor a more benign disease 
course with reduced inflammatory activity and slower progression [27]. 

Conversely, elevated TRAb concentrations have been associated with the later 

development of overt hyperthyroidism, particularly among patients with a 
previous history of thyroid hyperfunction [28]. Consequently, prolonged 

endocrinological surveillance remains essential because ophthalmopathy may 

represent the earliest clinical manifestation of Graves' disease, preceding 

biochemical thyroid dysfunction by several years. 
 

The mechanisms responsible for maintaining normal thyroid function despite 

active orbital autoimmunity remain incompletely understood. Several hypotheses 
have been proposed, including relatively low concentrations or reduced biological 

activity of TSAb that are insufficient to induce thyroid hormone overproduction. 

Alternative mechanisms include the presence of endogenous suppressive 
pathways capable of neutralizing TSAb activity and structural differences in the 

antigenic epitopes of TSH receptors expressed in orbital tissues compared with 

those involved in classical hyperthyroid Graves' disease [29]. These immunological 
differences may explain why orbital inflammation develops independently of 

clinically apparent thyroid dysfunction. Despite preserved thyroid function at 

presentation, subtle endocrinological abnormalities frequently emerge during 

long-term follow-up. Patients may subsequently develop either thyrotoxicosis [30] 
or hypothyroidism [31]. Reported abnormalities include thyroid enlargement in 

approximately 24–40% of patients, suppressed TSH concentrations in 14–23%, 

diminished or absent TSH response following thyrotropin-releasing hormone 
stimulation in 40–63%, increased radioactive iodine uptake in approximately 

20%, abnormal TSH suppression testing in 30–73%, positive TgAb in 11–67%, 

positive TBII in 31–36%, and positive TSAb in 43–87% of cases [29]. Importantly, 
several patients with clinically typical ophthalmopathy remain seronegative for 

conventional thyroid autoantibodies [26,32,33]. Watanabe et al. demonstrated 
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that highly sensitive TSAb bioassays identified positive antibody activity in 93% of 
such patients, emphasizing the superior diagnostic utility of these assays, 

particularly in seronegative disease [29]. Moreover, TSAb activity correlated 

directly with the severity of proptosis, further supporting its pathogenic role 
through activation of TSH receptors expressed within orbital tissues. 

 

Although EGD generally follows a milder clinical course than classical Graves' 

ophthalmopathy, clinicians should remain vigilant for potentially vision-
threatening complications. Exposure keratopathy resulting from severe proptosis 

[34] and dysthyroid optic neuropathy [35] may occasionally occur even during the 

initial stages of disease. Several case reports have documented bilateral euthyroid 
optic neuropathy associated with profound visual impairment despite aggressive 

intravenous corticosteroid therapy [36]. Conversely, unilateral optic neuropathy 

has also been described as the initial presentation of EGD, with substantial visual 
recovery achieved either following corticosteroid administration [35] or 

spontaneous clinical improvement during careful observation [37]. Conservative 

management may therefore be appropriate in selected patients exhibiting inactive 
disease with low Clinical Activity Scores, preserved thyroid function, and absence 

of thyroid autoantibodies, circumstances under which spontaneous remission 

appears more likely [37]. Orbital imaging provides valuable information regarding 

disease distribution and assists in confirming the diagnosis. Radiological studies 
characteristically demonstrate tendon-sparing enlargement of the extraocular 

muscles, particularly involving the lateral and medial rectus muscles [3]. 

Nevertheless, Dickinson and Perros reported that the inferior rectus muscle 
remains the muscle most frequently affected in thyroid-associated 

ophthalmopathy overall, followed sequentially by the medial, superior, and lateral 

rectus muscles [38]. Rare patterns of muscular involvement have also been 
documented, including isolated enlargement of the inferior oblique muscle in a 

patient presenting with unilateral blepharoptosis, orbital pain, and headache, 

illustrating the considerable clinical heterogeneity that may characterize EGD 
[39]. Collectively, these findings underscore the broad clinical spectrum of 

euthyroid Graves' disease and highlight the importance of comprehensive clinical, 

serological, and radiological evaluation to facilitate early diagnosis, monitor 

disease progression, and optimize long-term patient management. 
 

Treatment 

 
The management of euthyroid Graves' disease (EGD) is guided by disease severity 

according to the European Group on Graves' Orbitopathy (EUGOGO) 

classification and by the Clinical Activity Score (CAS), which helps determine the 
appropriate therapeutic approach [40]. Treatment during the active inflammatory 

phase primarily focuses on suppressing orbital inflammation and modulating the 

autoimmune response to prevent disease progression [41]. Overall, EGD generally 
has a favorable prognosis, and surgical intervention is required less frequently 

than in classical Graves' ophthalmopathy. Smoking cessation remains a critical 

component of management, as it reduces disease severity, improves treatment 
response, and slows disease progression [40–44]. Patients with mild 

ophthalmopathy are usually managed conservatively with regular clinical follow-

up based on disease activity. Moderate-to-severe active disease is commonly 

treated with intravenous corticosteroids, often combined with orbital 
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radiotherapy, which effectively improves soft-tissue inflammation, eyelid swelling, 

and proptosis, although diplopia is less responsive. Glucocorticoid therapy has 

also demonstrated clinical benefit in TRAb-negative patients. Once the disease 
becomes inactive, rehabilitative procedures such as extraocular muscle surgery 

and blepharoplasty may be performed to correct persistent diplopia, strabismus, 

and eyelid abnormalities [23]. Sight-threatening optic neuropathy requires 
immediate treatment with high-dose intravenous corticosteroids, followed by 

orbital decompression surgery if the response is inadequate. Clinical improvement 

varies among patients, although recovery of visual acuity has been reported, 
particularly in unilateral disease [36,37]. Clinical evidence indicates that 

approximately half of EGD patients require active ophthalmic treatment, 

including local triamcinolone injections, orbital radiotherapy, glucocorticoids, or 
surgical intervention, while many patients experience spontaneous improvement 

without therapy [45]. Emerging biologic therapies have expanded treatment 

options for patients with steroid-resistant disease. Teprotumumab, an insulin-like 

growth factor-1 receptor (IGF-1R) inhibitor, has demonstrated significant 
improvements in proptosis, diplopia, Clinical Activity Score, and quality of life, 

with relatively few serious adverse effects, making it a promising alternative to 

surgery [46]. Rituximab, an anti-CD20 monoclonal antibody targeting B 
lymphocytes, reduces autoantibody production, suppresses orbital inflammation, 

and improves both disease activity and proptosis [47]. Optimal management 

requires a multidisciplinary approach involving endocrinologists, 
ophthalmologists, oculoplastic surgeons, strabismus specialists, and neuro-

ophthalmologists, together with long-term thyroid function monitoring to detect 

delayed thyroid dysfunction and optimize patient outcomes [48]. 
 

Conclusion 

 

Euthyroid Graves' disease is a rare but clinically important form of thyroid-
associated ophthalmopathy in which orbital autoimmune inflammation develops 

despite normal thyroid function. Although its clinical manifestations resemble 

those of classical Graves' ophthalmopathy, EGD generally exhibits milder disease 
activity, greater asymmetry, and a higher frequency of unilateral orbital 

involvement. Current evidence demonstrates that immune-mediated activation of 

orbital fibroblasts, T lymphocytes, and thyroid-stimulating hormone receptor 
signaling constitutes the principal pathogenic mechanism underlying disease 

progression. Diagnosis requires careful integration of clinical examination, orbital 

imaging, and sensitive serological biomarkers, particularly thyroid-stimulating 
antibody assays, since conventional thyroid autoantibodies may be absent in a 

proportion of patients. Long-term endocrinological monitoring remains essential 

because thyroid dysfunction may emerge months or years after the initial 

presentation. Early recognition, appropriate differential diagnosis, and 
multidisciplinary collaboration between ophthalmologists and endocrinologists 

are fundamental for optimizing patient outcomes, preventing irreversible orbital 

damage, and preserving visual function. Continued research into the molecular 
mechanisms, predictive biomarkers, and targeted immunotherapies is expected to 

enhance diagnostic accuracy and support the development of more effective 

personalized treatment strategies for patients with euthyroid Graves' disease. 
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