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Abstract

Aim To compare clinical characteristics and

thyroid-stimulating hormone receptor

antibodies (TRAbs) in thyroid-associated

ophthalmopathy (TAO) in euthyroid Korean

patients with those in hyperthyroid patients.

Methods Clinical activity scores (CASs),

modified NOSPECS scores,

exophthalmometry values, prevalence of

optic neuropathy, restrictive myopathy and

lid retraction, and the positivity and levels

of TRAb (thyrotropin-binding inhibitor

immunoglobulin (TBII) and thyroid-

stimulating immunoglobulin (TSI)) were

compared in 24 euthyroid (group A) and

139 clinical/subclinical hyperthyroid TAO

patients (group B).

Results Group A presented more clinically

unilateral involvement than group B (79.2%

vs 27.3%, Po0.001), less active (CAS 1.50 vs

2.26, P¼ 0.014) and less severe clinical course

(NOSPECS 3.38 vs 4.13, P¼ 0.037). Lid

retraction was more prevalent in group A

than group B (91.7% vs 66.2%, P¼ 0.014).

Prevalence of optic neuropathy and

restrictive myopathy, and the mean value of

exophthalmometry were not different. Mean

TBII levels were lower (7.20 IU/l) in group A

than in group B (44.58 IU/l, Po0.001). A

similar difference was found in the TSI

bioassay (201.40% vs 425.19%, P¼ 0.001). The

positive rate of TBII in group A (34.8%) was

significantly lower than in group B (90.8%,

Po0.001). The positive rate of TSI was high

in both group A (83.3%) and B (91.7%), with

no significant difference (P¼ 0.337).

Conclusions Patients with euthyroid TAO

showed a less active and severe clinical

course, more unilateral involvement, and

lower levels of TRAb than those in patients

with hyperthyroid TAO. These distinct

clinical and biochemical characteristics might

be useful in assessment of euthyroid TAO,

and the TSI might be more sensitive for

diagnosing these patients.
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Introduction

A few case reports of thyroid-associated

ophthalmopathy (TAO) without

hyperthyroidism were reported several

decades ago.1,2 These patients presented with

the ocular signs of TAO and had normal thyroid

function without any clinical symptoms of

hyperthyroidism. They were described as

having euthyroid Graves’ orbitopathy (GO)

or euthyroid TAO. However, definite diagnostic

criteria for euthyroid TAO have yet to be

established.3,4

Diagnosis of euthyroid TAO is often difficult,

because of the absence of the standard criteria,

absence of confirmatory diagnostic tests, and

rarity of cases. As TAO occurs in a close

temporal relationship with hyperthyroidism,5

it is reasonable that TAO is rare in patients with

normal or hypothyroid function. Khoo et al,6

in studies conducted in Singapore using 1020

Asian patients with GO, reported that the

prevalence of euthyroid TAO was 0.7%

and hypothyroid TAO was 0.2%. Thus,

euthyroid TAO is rarely encountered in a

clinical situation, making it difficult to diagnose.

A few studies have reported that a patient

could be diagnosed with TAO, even with

euthyroid status.7–9 Because most cases
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involving euthyroid TAO showed no thyroid

abnormalities except testing positive for thyroid-

stimulating hormone receptor antibodies (TRAbs),7,9

the clinical significance of TRAb as a criterion in the

diagnosis of euthyroid TAO has been suggested.3,6

Recently, Eckstein et al10 reported that the TRAb titer

was low in euthryoid and hypothyroid patients,

suggesting that a more sensitive assay technique was

necessary to utilize the TRAb assay for diagnosis of

euthyroid/hypothyroid TAO. The TRAb assay used in

this report was the thyrotropin-binding inhibitor

immunoglobulin (TBII) assay, which cannot discriminate

between thyroid-blocking immunoglobulin and thyroid-

stimulating immunoglobulin (TSI). Using a second-

generation TBII assay, Eckstein et al10 reported that the

positive rate of TRAb in the euthyroid/hypothyroid TAO

patients was 69%.

In another study by Kazuo et al3 using Asian patients,

the TSI measurement was more sensitive than the TBII

assay used in the diagnosis of euthyroid TAO. The TSI

assay measures the production of cyclic adenosine

monophosphate in response to a thyrotropin (TSH)-

receptor interaction with TSI. The prevalence of TRAb in

euthyroid TAO patients was 28.6% using the first-

generation TBII assay and 82.9% with the TSI assay using

cultured rat thyroid cells.

In the present study, we investigated the clinical and

biochemical characteristics of Korean euthyroid TAO

patients by comparing them with hyperthyroid TAO

patients. In the same study, we also assessed the ability of

the TBII and TSI assays to diagnose TAO.

Materials and methods

Study design

This was a retrospective observational study. The

participants in this study were patients with TAO who

visited the Department of Ophthalmology, Severance

Hospital of Yonsei University College of Medicine,

between January 2008 and December 2010. The research

conducted in this study adhered to the tenets of the

Declaration of Helsinki and was approved by the

Institutional Review Board at the Yonsei University

College of Medicine.

Patients

A single observer (JSY) diagnosed and conducted the

follow-up of all patients. Diagnosis of TAO was based on

clinical ophthalmic examination. All patients had clinical

features of the disease including at least one of the

following in one eye (unilateral involvement) or both

eyes (bilateral involvement): lid retraction (upper eyelid

margin at or above the superior corneoscleral limbus in

primary gaze or 2 mm of difference on lid aperture in

primary gaze),3,11 soft tissue involvement, exophthalmos

(Hertel measurement Z17 mm and/or 2 mm of differe-

nce between the eyes),3 restrictive myopathy (limitation

of eye movement in the Hess chart and/or diplopia

assessed by binocular single-vision test and/or objective

evidence of enlarged muscles assessed by computed

tomography (CT)), and optic neuropathy (abnormal

visual acuity, relative afferent pupillary defect, decreased

color perception, and visual field by perimetry).

Hertel measurement Z17 mm was chosen as the cut off

value of exophthalmos based on several reports in which

the normal value of exophthalmometry for Asians was

lower than that of Caucasians.3,12,13

Thyroid carcinoma, Hashimoto thyroiditis (clinical/

subclinical hypothyroidism), and any other possible

causes for ocular manifestations were carefully ruled out

based upon patient history, examinations including CT or

thyroid scans, and laboratory tests. All the patients were

imaged by CT scans to evaluate carefully and objectively

to define unilaterality.

The medical records of the remaining 163 patients

were retrospectively reviewed. Patient history, including

hyperthyroidism, family history, smoking history,

duration after first symptom of TAO, duration of thyroid

disease, and laboratory peripheral thyroid function, was

examined.

Grouping of the patients

The diagnosis of euthyroid patients was based upon

the presence of normal serum fT4, T3, and TSH

concentration without a clinical history of

hyperthyroidism (group A).

The diagnosis of hyperthyroid TAO (group B) was

established using followings criteria:

(1) Elevated serum T3 and free T4 concentration (clinical

hyperthyroid TAO),

(2) Normal serum T3, free T4 levels but decreased TSH

concentration (subclinical hyperthyroid TAO),

(3) A history of antithyroid treatment if being treated

with an antithyroid drug or having had previous

antithyroid treatment including surgery or radio-

iodine. The patient was also assigned to the

hyperthyroid TAO group.

Remission of Graves’ disease (GD) was defined as at least

1 year of euthyroidism after cessation of antithyroid

treatment. We included the patient who presented with

remission of hyperthyroidism and typical TAO signs in

the group B. Patients with elevated TSH (clinical and
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subclinical hypothyroidism) were excluded from the

present study.

Methods

Eye examinations were performed by an

ophthalmologist (JSY) for the following criteria, using a

modified European Group on Graves’ Orbitopathy case

record form: eyelid aperture size (measured in mm), any

soft tissue involvement, exophthalmos (measured in mm

using a Hertel exophthalmometer (Oculus; Oculus Optik

Geraete, Wetzlar, Germany), extraocular muscle (EOM)

involvement (measured in degrees of restriction with the

Hess chart and measured in the degree of diplopia by the

binocular single-vision test), and visual acuity. To reduce

inter and intra observer variability, all subjects were

examined by the same clinician at every visit

and were repeatedly assessed using the single

exophthalmometry.14 We used the median value of

exophthalmometry among repeated measurements.

Clinical activity of the disease was assessed using a

clinical activity score (CAS) based upon seven signs of

orbit inflammation.15 The assessment items were:

spontaneous retrobulbar pain, pain on eye movement,

redness of the eyelid, conjunctival injection, chemosis,

swelling of the caruncle, and swelling of the eyelids.

If the patient had any of these symptoms, one point was

assigned for each item, with a total possible score of 0–7

points. The severity of GO was described by the modified

NOSPECS score obtained by adding NOSPECS grades

for each of the followings: lid retraction, soft tissue

involvement, exophthalmos, EOM involvement, corneal

defect, and optic nerve compression. We used the

modified NOSPECS classification, which was used as

reported by Eckstein et al.16

Outcome variables

The following parameters were compared between the

two groups: age, sex ratio, smoker proportion, duration

of ocular symptoms, bilateral or unilateral involvement,

CAS, modified NOSPECS score, prevalence of optic

neuropathy, prevalence of restrictive myopathy, the mean

value of exophthalmometry and prevalence of lid

retraction, and mean TBII and TSI bioassay levels. The

TBII and TSI bioassays were performed at the initial visit.

TRAb measurements

TRAb was measured at the first visit and at regular

intervals during follow-up, using the first-generation

TBII assay. The Thyrotropin Receptor Autoantibodies Kit

(RSR Ltd, Cardiff, UK) was used according to the

manufacturer’s instructions. This kit consists of the TSH

receptor and 125I-labeled TSH. Quantification of serum

TBII was based upon TRAb inhibition of radiolabeled

TSH binding to porcine thyroid membrane extracts.

Quantitation of TSI was based upon the Mc4-CHO TSI

assay. TSI in patient sera was measured using the

ThyretainTM TSI Reporter BioAssay (Diagnostic

Hybrids, Inc., Athens, OH, USA) according to the

manufacturer’s instructions.

Data analysis and statistics

The normality of data distribution for all variables was

tested using the Kolmogorov–Smirnov test. We used

independent t-tests and the Chi-square test to compare

primary data and ascertain normality of age and

laboratory distribution between the two patient groups.

The Wilcoxon rank-sum test was used to compare values,

which did not conform to a normal distribution, such as

onset of ocular symptom, CAS, NOSPECS, and the value

of exophthalmometry.

Results

Of a total of 163 patients, 139 patients were diagnosed

with hyperthyroidism and 24 patients with euthyroid.

Comparison between the two groups

In a demographic comparison of the two groups, there

were no statistical differences in age, smoker proportion,

and duration of ocular symptoms (Table 1). There was a

greater percentage of men in group A than in group B

(41.7% vs 20.9%, P¼ 0.038). The onset time of ocular

symptoms was a median of 3 months in both groups,

revealing no statistical difference (P¼ 0.918).

Clinically unilateral eye involvement developed in

79.2% in group A and 27.3% in group B, revealing a

statistically significant difference (Po0.001) (Table 2).

In comparing the CAS and NOSPECS scores, group A

was less active (CAS 1.50 vs 2.26, P¼ 0.014) and was

associated with a less severe clinical course (NOSPECS

3.38 vs 4.13, P¼ 0.037) than group B (Table 2). Lid

retraction, the most common ocular sign of TAO, was

observed in 91.7% of group A, showing a significantly

higher rate than that in group B (66.2%, P¼ 0.014). There

was no difference in compressive optic neuropathy, EOM

involvement, and exophthalmos between the two

groups.

Among the 24 patients with euthyroid TAO, lid

retraction was not observed in only 2 patients. One

patient showed 20 mm exophthalmos of eyes as

measured by Hertel exophthalmometry and the other

patient showed 3.5 mm exophthalmos and restrictive

myopathy limited to the right eye.
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We compared the clinical parameters of euthyroid

TAO (group A) with a subgroup of 10 patients included

in group B, who were classified as reaching remission

after cessation of antithyroid drug therapy for GD. There

was no statistical difference in age, sex ratio, proportion

of smokers, and duration of ocular symptoms (data not

shown). Mean CAS and modified NOSPECS scores were

lower in the subgroup of group B than in group A,

however, the difference was not significant (Table 2).

Similar to the comparative results between group A and

total group B, clinically asymmetrical involvement and

lid retraction were significantly more prevalent in group

A than in the subgroup of group B.

Mean TBII levels were significantly lower (7.20 IU/l) in

group A than in group B (44.58 IU/l, Po0.001), as was

the TSI assay (201.4 vs 425.19 specimen-to-reference ratio

(SRR%), P¼ 0.002) (Table 3). The prevalence of TBII-

positive patients in group A (34.8%, 8/23) was

significantly lower than that in group B (90.8%, 113/119,

Po0.001). The results of the TSI assay were high in both

group A (83.3%, 15/18) and group B (91.7%, 55/60), with

no statistically significant difference (P¼ 0.337)

(Figure 1).

Among the 24 patients with euthyroid TAO, there were

4 patients who complained that the ocular symptoms

started more than 12 months previously. Both TRAb

assays were negative in three patients, while a 59-year-

old man who presented unilateral lid retraction showed a

9.62 (borderline) IL/l for TBII and 176.2 (positive) SRR%

for TSI. The three patients for whom both TBII/TSI

assays were negative had typical TAO ocular signs. Two

of the patients had only unilateral lid retraction and the

other had EOM involvement causing 3.5 mm proptosis.

We followed up each patient for 19, 9, and 12 months,

respectively. Two patients presenting with long-standing

unilateral eyelid retraction had no previous history of

Table 1 Comparison of patient demographics between euthyroid (group A) and hyperthyroid TAO (group B)

Group A Group B P-value

Number of patients 24 139
Age (mean±SD) 44.4±11.6 42.2±13.5 0.444
Sex (number of male (%)) 10 (41.7) 29 (20.9) 0.038a

Smoker (number (%)) 8 (33.3) 32 (23.0) 0.278
Duration of eye symptom (median (IQR)) 3.0 months (4.75) 3.0 months (9.5) 0.918
Duration of Graves’ disease (median (IQR)) N/A 10 months (21.0)

Abbreviation: TAO, thyroid-associated ophthalmopathy.

Independent t-test for comparisons of age.

Wilcoxon signed rank-sum test for comparisons of duration of ocular symptoms.

Chi-square test for comparison of sex ratio and smoker proportion.
aPo0.05 was considered statistically significant.

Table 2 Comparison of ocular manifestations between euthyroid (group A) and hyperthyroid TAO (group B)

Group A (n¼ 24) Group B (n¼ 139) P-value

Remission of hyperthyroidism (n¼ 10)

Asymmetric involvement (number (%)) 19 (79.2%) 38 (27.3%) o0.001a

3 (30.0%) 0.015a

Clinical activity score (mean (SD)) 1.50 (1.3) 2.26 (1.7) 0.014a

1.10 (1.7) 0.381
NOSPECS score (mean (SD)) 3.38 (1.4) 4.13 (2.4) 0.037a

2.60 (1.3) 0.196
Optic neuropathy (number (%)) 0 (0%) 8 (5.7%) 0.216

0 (0%) —
Restrictive myopathy (number (%)) 6 (25.0%) 43 (30.9%) 0.558

3 (30.0%) 0.667
Exophthalmometry value (mean (SD)) 17.04 (3.71) 18.56 (3.19) 0.149

16.40 (2.56) 0.322
Lid retraction (number (%)) 22 (91.7%) 92 (66.2%) 0.014a

5 (50.0%) 0.014a

Abbreviation: TAO, thyroid-associated ophthalmopathy.

Wilcoxon rank-sum test for comparison of clinical activity score, NOSPECS score, and the mean value of exophthalmometry.

Chi-square test or Fisher’s exact test for comparison of categorical variables.
aPo0.05 was considered statistically significant.
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systemic disease and other evidence of

pseudoretraction.17 There were no changes in ocular

signs during the follow-up period. The other patient, a

45-year-old male presenting with proptosis and diplopia,

had right inferior and medical rectus muscle

enlargement on CT scan. Imaging revealed well-defined

fusiform enlargement posteriorly, with no anterior

tendon involvement.

Among the remaining 20 patients with ocular

symptoms less than o12 months, either the TBII or TSI

assay was positive, with TBII positive in 42.1% (8/19) of

the patients and TSI positive in 100% (14/14) of the

patients.

Clinical course of the euthyroid group

A total of 24 patients with euthyroid TAO were followed

up for a mean period of 9.3 months (median 7.0 months,

range 3–42 months). During follow-up, subclinical

hypothyroidism developed in three patients, whereas the

other 21 patients showed no changes in the thyroid

function test (TFT).

Discussion

TAO, an inflammatory condition affecting the orbit,

frequently accompanies GD. Pathogenic ocular

involvement in GD can be explained by TSHR expression

not only in the thyroid follicular cells but also in orbital

adipocytes, fibroblasts, and lymphocytes. Orbital tissues

could therefore be targets of an autoimmune reaction in

thyroid disease,18 although there is a subset of patients

with TAO without hyperthyroidism. The assessment of

thyroid dysfunction is currently based on serum T3, free

T4, and TSH levels (TFT). However, diagnosis of

euthyroid TAO using TFT only without a clinical history

may include patients whose GD is controlled by

antithyroid drug (ATD) treatment, as well as those who

had been in remission after cessation of treatment. In

addition, ocular symptoms may appear before diagnosis

of GD. Because it is unknown whether euthyroid TAO is

an independent disease from GD, definitive criteria for

euthyroid TAO diagnosis have still not been well

established. Kazuo et al3 defined euthyroid TAO as TAO

with normal thyroid function without any history of

hyperthyroidism.

Because TAO has unique ocular symptoms, its

diagnosis is relatively easy. However, if there is no

knowledge about a history of hyperthyroidism and

possible abnormalities in the TFT, there could be

increased burdens on both clinicians and patients in

terms of time, expense, and delay of proper treatment.

Additional tests for other orbital diseases, which could

cause isolated proptosis, lid edema and diplopia, might

be necessary. Therefore, knowledge of the clinical

characteristics of euthyroid TAO could be valuable in

diagnosing the disease.

There is a scarcity of reports that systematically

investigate the phenotype of euthyroid TAO in Asians.

Although Kazuo et al3 reported that exophthalmos

(57.1%) occurred less frequently than lid retraction

(74.3%) or EOM dysfunction (74.3%) in Japanese

euthyroid TAO patients, the authors studied the

prevalence of ocular symptoms only with patients

diagnosed with this disorder.

In the present study, we compared the clinical aspects

of euthyroid TAO with a large subset of hyperthyroid

TAO patients. As a result, we found that the ratio of

unilateral involvement was higher in euthyroid TAO

patients (79.2%) than in hyperthyroid TAO patients

(27.3%). Lid retraction was the most commonly observed

ocular sign in euthyroid TAO and more commonly

observed than in hyperthyroid TAO (91.7% vs 66.2%,

respectively, P¼ 0.014). Among the 24 patients, lid

Table 3 Comparison of serological data between euthyroid
(group A) and hyperthyroid TAO (group B)

Group A Group B P-value

T3 (ng/dl) mean±SD 1.65±1.60 2.58±1.74 0.046a

Free T4 (ng/ml) 1.20±0.22 3.01±3.19 o0.001a

TSH (mU/l) 1.62±1.21 0.90±3.41 0.350
TBII (IL/l) 7.20±10.90 44.58±27.75 o0.001a

TSI (SRR%) 201.4±175.85 425.19±204.95 0.001a

Abbreviations: SRR, specimen-to-reference ration; TBII, thyrotropin-

binding inhibitor immunoglobulin; TSI, thyroid-stimulating immunoglo-

bulin.
aPo0.05 was considered statistically significant. The independent t-test

was used.

Figure 1 Thyrotropin-TBII and TSI assays. The percentage of
positive results using the TBII assay in group A (34.8%, 8/23)
was significantly lower than that in group B (90.8%, 113/119,
Po0.001); however, the percentage of positive results of the TSI
assay was high in both group A (83.3%, 15/18) and B (91.7%, 55/
60), with no statistically significant difference (P¼ 0.337).
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retraction was not observed in only 2 patients. We

previously reported patients with papillary micro

carcinoma who presented with TAO in an euthyroid

state.18 Interestingly, unilateral ocular involvement was

observed in four of these five TAO patients.

The result that clinical manifestation of euthyroid TAO

was less active and severe was similar to the result by

Eckstein et al10 who studied Caucasian patients. In the

present study, the durations of ocular symptoms were

not different between the two groups (median duration 3

months, P¼ 0.733). Because the duration of TAO ocular

symptoms, which is the X-axis of the Rundle’ curve,19

greatly influences clinical activity and/or severity, this

data helps to increase the reliability of our study results.

Furthermore, we compared clinical aspects of euthyroid

TAO in 10 patients in remission, who were a subgroup of

hyperthyroid TAO patients. Most notably, there was not

a significant difference in CAS and modified NOSPECS

scores between the two groups. These results support the

hypothesis that clinical manifestation of TAO is

influenced by thyroid function.19

It was expected that TRAb would be used as a

standard criteria in diagnosing euthyroid TAO. TRAb

titer, however, was observed to be very low in the

euthryoid and hypothyroid patients. TRAb levels could

be affected by environmental factors such as peripheral

thyroid function.20–22 In addition, TRAb was reported to

decrease over time after the occurrence of TAO. There are

several studies reporting variations of TRAb over

time,16,23 and one of them showed that TBII levels were

markedly decreased over time regardless of a mild or

severe course of GO.16 Thus, the conversion from

positive to negative results might have occurred if TRAb

measurements were delayed. Euthyroid TAO with TRAb

values, which were negative, has also been reported.24,25

In the present study, there were only four people in the

group with euthyroid TAO whose ocular symptoms had

started more than 12 months previously. Interestingly,

both TRAb assays were negative in three patients (75%).

However, of the remaining 20 patients whose ocular

symptoms had been less than 12 months, the TBII assay

was positive for 42.1% (8/19) and the TSI assay was

positive in all the remaining patients (14/14). Therefore,

we recommend performing TRAb measurements as early

as possible when typical symptoms or signs of TAO are

observed. Our results also support a previous report that

in Asians, TSI measurement is a more sensitive marker of

euthyroid TAO than TBII measurements.10

Among the three patients in whom TBII/TSI assays

were negative, the patient presenting with diplopia and

unilateral proptosis did not show typical symptoms or

signs of orbital myositis such as acute pain exacerbated

by eye movement. The CT scan revealed right inferior

and medical rectus enlargement without anterior tendon

involvement. However, the possibility of atypical

myositis should be addressed because approximately

half of the cases of orbital myositis may not have any

tendon involvement.26,27

A routine TFT might be recommended in euthyroid

TAO. Kazuo et al3 reported 7 patients among 35 with

euthyroid TAO whose TRAb was over 5000%. Later,

hyperthyroidism occurred in one patient and

Hashimoto’s disease in two patients. In our study,

subclinical hypothyroidism was observed in 3 out of 24

euthyroid TAO patients. The remaining 21 patients did

not show any changes in the TFT. Although the

euthyroid condition was maintained in most of the

patients, the possibility that thyroid function deteriorated

still exists.

The present study examined the specific ocular

manifestations of euthyroid TAO in Asians, finding a

difference between euthyroid and hyperthyroid TAO

patients. Furthermore, we discovered that the TSI

assay was more sensitive than the TBII assay in diagnosis

of euthyroid TAO. Our results would be helpful in

early diagnosis and proper management of euthyroid

TAO. Further research is still required to elucidate

pathogenic mechanisms of euthyroid TAO in

systemic autoimmunity that does not provoke

hyperthyroidism.

Summary

What was known before

K Euthyroid TAO is rare and often difficult to diagnose,
because of the absence of the standard criteria and
confirmatory diagnostic tests.

K Because most cases involving euthyroid TAO showed no
thyroid abnormalities except testing positive for thyroid-
stimulating hormone receptor antibodies (TRAbs), the
clinical significance of TRAb as a criterion in the
diagnosis of euthyroid TAO has been suggested.

What this study adds

K The present study examined the clinical manifestations
and TRAb levels of euthyroid TAO in Asians, finding a
difference between euthyroid and hyperthyroid TAO
patients.

K TSI bioassay was more sensitive than the TBII assay in
diagnosis of euthyroid TAO, and TRAb levels were
significantly lower in euthryoid TAO than in
hyperthyroid TAO.

K In patients with euthyroid TAO in whom TSI was
measured within 1 year of initial onset of TAO
symptoms, the positive rate of TSI bioassay was 100%.
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