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Abstract

Introduction: Many studies have shown that existing eye disease 
(ophthalmopathy) often worsens following Radioiodine (RAI) 
treatment of Graves hyperthyroidism. The development of new-
onset eye disease is very uncommon. However, it does occur in a few 
patients, and it is unclear what patients should be told when planning 
treatment. We addressed this problem by studying a group of well-
characterized patients, 20 with no eye signs at the time of treatment 
and 12 with existing ophthalmopathy) seen by one observer in a single 
clinical setting at the time of radioiodine treatment and on long-term 
follow-up. Methods: Standard clinical observations of patients with 
Graves disease before and after radioiodine treatment were made. 
Changes in eye signs and symptoms were assessed as I) NOSPECS 
class, ii) Clinical Activity Score (CAS), iii) upper eyelid retraction (yes, 
no) and iv) Nunnery I (no extraocular muscle dysfunction or damage) 
and Nunery II, with eye muscle damage. Thyroid function tests were 
carried out, and serum thyroid antibodies, including TSH-Receptor 
antibody, were measured using routine methods. We also measured 
serum eye muscle (calsequestrin) and collagen type XIII antibodies.
Results: Existing ophthalmopathy worsened in 5(42%) of the 12 
patients, especially in female smokers, but new (de novo) eye disease 
was seen in only two of 20(10%) patients without ophthalmopathy 
at the time of radioiodine treatment on long term follow up, both of 
whom had mild disease (CAS 2, 2, NOSPECS 3, 2 with no extraocular 
muscle dysfunction (Nunery I), respectively). Serum TSH-Receptor 
antibodies increased in 50% of both groups, while orbital antibodies 
showed no trend in either group. Discussion: While the pathogenesis 
of Graves ophthalmopathy is still unclear, the eye disorder seems 
to occur following an immune reaction in the thyroid, probably as a 
result of the transfer of cross-reactive cytotoxic antibodies and T cells 
to the orbit. Radioiodine-damage to the thyroid follicular cells leads to 
the release of various proteins, including the main antigens involved 
in thyroid autoimmunity, namely thyroid peroxidase, thyroglobulin, 
the TSH receptor and the IgF-1R receptor, which leads to worsening 
of existing eye signs. While existing ophthalmopathy can usually be 
managed by treatment with oral or IV steroids, larger studies need to 
be carried out to determine the true prevalence of new eye disease 
and how to prevent it. Conclusion: Although the development of 
de novo ophthalmopathy following radioiodine is very uncommon, 
occurring in only 5-10% of patients, it can occur, and so it seems 
prudent for the managing endocrinologist to warn all patients with 
Graves disease, especially female smokers, of this possibility if only 
to avoid being accused of malpractice.
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Introduction

It is generally agreed that that the orbital inflammation and 
eye signs (ophthalmopathy) associated with Graves hyperthy-
roidism are secondary to immune reactions in the thyroid [1-
3]. The main target antigens involved in the thyroid and orbital 
reactions of Graves disease are; thyroglobulin [4-6], thyroid 
peroxidase [7], the TSH-Receptor [8-12] IgF-Receptor1 (IgF-1R) 
[13-16] of which the latter two may be co-expressed [17-19]. 
Autoimmune reactions against these proteins are an important 
manifestation of the pathogenetic immune reactions occurring 
during the early stages of “Graves disease” Following Radioio-
dine (RAI) treatment of Graves hyperthyroidism large amounts 
of the proteins which are released from damaged thyroid fol-
licular cells are targeted by infiltrating inflammatory cells and 
cytotoxic antibodies [20-22]. Some of the T cells and antibod-
ies react with the same proteins in the orbital connective tissue 
and Extra Ocular Muscles (EOM), through the process of cross-
reactivity, increasing signs of existing ophthalmopathy [23-26] 
or inducing new (de novo) eye disease [27,28]. 

As the orbital inflammation develops other antigens includ-
ing Calsequestrin (CSQ) [29] and collagen XIII (coll-XIII) [29,30] 
are released from inside the Extra Ocular Muscle (EOM) fibres 
and orbital fibroblasts, respectively, and serum antibodies tar-
geting these proteins may contribute to the orbital tissue dam-
age in the longer term. Although not primary, these orbital 
antibodies do provide useful markers for the ophthalmopathy 
[31,32].

The finding that existing ophthalmopathy often worsens 
after RAI and that de novo ophthalmopathy may also occur is 
important in our understanding of the pathogenesis of GO and 
provides strong evidence that the orbital reaction is secondary 
to that in the thyroid and that ross reactivity is the likely mecha-
nism. Whilst the development of new eye disease is uncommon 
it does occur, as described above. Here, we report a study of a 
group of well characterized patients with and without ophthal-
mopathy seen by a single observer (JW) in one clinical setting 
over a 10-year period.

Clinical subjects and methods

Clinical subjects: All patients with Graves hyperthyroidism 
who had been treated with RAI at Nepean Hospital, Penrith 
NSW (2004-2016) or The Thyroid Clinic at the Bays Private Hos-
pital, Mornington VIC, over the period 2016-2022. Of these, 32 
patients with Graves hyperthyroidism of whom 12, 11 females 
aged 38-80 (mean age 50) and one male aged 43 had active 
ophthalmopathy and 20 patients, 17 females aged 22-86 (mean 
age 50) and 3 males aged 45-70 (mean age 50) had no eye signs 
at the time of RAI treatment, Ophthalmopathy was defined as 
NOSPECS classes 2 or more [34], i.e., all patients had at least 
chemosis, conjunctival injection and periorbital swelling and 
some had inferior rectus muscle involvement (causing double 
vision and reduced upward gaze (NOSPECS class 4, Nunery 2 
[35]. Exclusions were; age <18 or >80, hyperthyroidism due to 
conditions other than Graves disease, eye conditions other than 

thyroid eye disease or Mental health disorder other than symp-
toms attributable to features of the Graves hyperthyroidism it-
self, such as irritability anxiety or heat intolerance. Inclusions 
were; patients with Graves disease with or without ophthal-
mopathy (eye signs) who were treated with RAI only.

All patients with ophthalmopathy had moderately severe 
or severe eye disease which was active, quantified as a Clini-
cal Activity Score (CAS) of Moritz et al. [36] of 4 or more. Se-
rum antibody results were obtained from their files; eye 
muscle and collagen XIII antibody tests had been carried out 
in the context of their routine clinical management, and the 
patients’ smoking status (yes, no) was obtained by question-
ing during their initial clinical visit. Two patients with active 
ophthalmopathy and 3 with no eye signs received two RAI 
treatments each and are shown in the (Tables) as separate 
individuals The Nepean Blue Mountains Human Ethics Com-
mittee approved the study. Because the study was retro-
spective and anonymous consent forms were not needed.

Methods

Enzyme-linked immunosorbent assay: The method has 
been described in previous publications from this laboratory 
[32,37,38]. The main antibodies proposed are those targeting i) 
the flavoprotein (Fp) subunit of mitochondrial succinate dehy-
drogenase; ii) G2s, shown to be a fragment of the FOX-P1 tran-
scription factor; iii) the calcium-binding protein Calsequestrin 
(CSQ); and iv) collagen XIII (COLL XIII), a connective tissue an-
tigen expressed in the orbital fibroblast cell membranes. Tests 
were performed in triplicate in 96 well plates. The optimal con-
centrations of purified calsequestrin, Fp, G2s and COLL XIII were 
found, in preliminary assays, to be one pg/ml (picogram/ml) for 
each protein, and optimal serum dilution was 1/50 for CSQ, Fp2, 
G2S and 1/25 for COLL XIII. The second antibody was an alkaline 
phosphatase· labelled goat anti-human IgG diluted 1/4000. We 
used Phosphate-Buffered Saline (PBS) as a control instead of an 
antigen, serum, or secondary antibody. Results were expressed 
as Optical Density (OD) at 410 nm and a positive test taken as 
an OD > mean + 2SD for a panel of age and sex-matched healthy 
subjects. Commercial Pathology Laboratories performed serum 
TSH and TSH-Receptor (TSHR) tests in Sydney and Melbourne.

Statistical analysis

Statistical differences between patient groups were deter-
mined using the student t-test. For all analyses, a P value of 
<0.05 was considered to be significant. The GraphPad Prism 8 
statistical package was used for the analyses.

Results

Twenty-eight patients underwent 33 RAI treatments over the 
period 2004-2022. As seen in (Table 1) only 2 of the 20 patients 
(23 treatments) who had no eye signs at the time of RAI treatment 
developed de novo (new) ophthalmopathy, whereas 5(42%) of the 
12 patients who had ophthalmopathy at the time of treatment, 
had worsening of their eye signs within 1 to 15 months after 
the treatment, Three of these 5 patients were current smokers.

Table 1: Summary of change in existing ophthalmopathy or the development of new (de novo) ophthalmopathy following radioiodine 
treatment in patients with Graves hyperthyroidism.

Patients/treatments (n=32)1
Change in ophthalmopathy following radioiodine treatment Development of new ophthalmopathy  

following radioiodine treatmentWorse Better No change

Ophthalmopathy at the time of radioiodine (n=12) 5(42%) 5(42%) 2(16%)

No ophthalmopathy at the time of radioiodine (n=20) 18(90%) 2(10%)
128 patients underwent 33 radioiodine treatments.
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Details of the 12 patients (2 of whom had two treatments) 
with existing ophthalmopathy at the time of RAI treatment are 
shown below along with change in parameters of their ophthal-
mopathy after treatment in (Table 2). Worsening of eye signs 
occurred in 3 females (patients 1, 2 ,12) all of whom were smok-
ers and one of whom (no, 1) had eye muscle damage. The dose 
of RAI measured as mCi or mbeq varied or was not known but 
the average dose was approx. 12-15 mCi, with no apparent as-
sociation with changes in eye signs.

Next, we documented the outcomes for the 20 patients (3 of 
whom had 2 treatments) with no ophthalmopathy at the time 
of RAI treatment. The results are summarised in (Table 3) be-
low. There were no particular features of the two patients (no. 
3 and 17) who developed new (de novo) ophthalmopathy after 
RAI.

Table 2: Change in existing eye signs following radioiodine treatment of patients with Graves hyperthyroidism.

Case no.1 Age/Sex RAI dose (mCi/mbeq) Cigs
Ophthalmopathy features at time of treatment2 Effect of radioiodine treatment on eye signs

NOSPECS class CAS UER Nunery (1,2) No Change Better Worse

1a 61/F 488 Yes 2 2 N 1 X

1b 600 Yes 2 2 Y 2 X

2 41/F 600 Yes 2 4 Y X

3 43/M 15 Yes 4 5 Y 2 X

4 42/F 10 No 2 1 Y 1 X (lid only)

5a 40/F ? No 5 4 Y 2 X

5b 543 No 5 4 Y 2 X

6 38/F 400 6 2 Y 1 X

7 59/F 452 No 1 1 Y 1 X

8 ? /F ? 3 2 N 1 ?

9 45/F 452

10 80/F ? No 2 2 Y 1 X

11 63/F 15 No 2 2 Y 1 X

12 40/F ? Yes 2 2 Y 1 X
1Patients 1 and 5 underwent two treatments (a,b); 2NOSPECS = Class of ophthalmopathy [34], CAS = Clinical Activity Score, [36], 
UER = Upper Eyelid Retraction, Nunery 1, with no eye muscle involvement, 2 with eye muscle involvement [35].

Table 3: Eye signs following radioiodine treatment in patients with Graves hyperthyroidism who had no associated ophthalmopathy initally.

Case no.1 Age/Sex dose (mCi) or mBeq Cigs
Ophthalmopathy features at 4-8 weeks following treatment2

NOSPECS CAS UER Nunery

1a 31/F 12.5 No 0 o o n/a

1b 15 No o o o n/a

2 45/M 165 Yes o 0 0 n/a

3 63/F 20 No 3 2 Yes0 1

4 48/F 11 No 0 0 0 n/a

5 ? /M ? ? 0 0 0 n/a

6 62/F ? No 0 0 0 n/a

7 72/F ? No 0 0 0 n/a

8a 57/F 12 No 0 0 0 n/a

8b ? 12.3 No 0 0 0 n/a

9a 43/F 12 No 0 0 0 n/a

9b ? ? No 0 0 0 n/a

10 86/F 11.7 No 0 0 0 n/a

11 80/F 12.9 No 0 0 0 n/a

12 63/F 596 ? 0 0 0 n/a

13 80/M ? No 0 0 0 n/a

14 52/F 12 No 0 0 0 n/a

15 49/F ? No 0 0 0 n/a

16 70/M ? Yes 9 0 0 n/a

17 22/F 12 No 2 2 1 1
117 patients underwent 33 radioiodine treatments; 2 NOSPECS = Class of ophthalmopathy [34], CAS = Clinical Activity Score, [36], UER = Upper 
Eyelid Retraction, Nunery 1, with no eye muscle involvement, 2 with eye muscle involvement [35].
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We next addressed possible changes in TSH R antibody levels 
in Graves patients following RAI treatment. The results for the 
26 patients who had this antibody measured are shown below 
in Table 4. There were no significant differences between the 4 
groups namely, increased, no change, decreased and decreased 
then increased.

Finally, we addressed whether change in levels of orbital an-
tibodies following RAI in the 5 patients in whom these antibod-
ies were measured correlated with change in, or development 
of, eye changes. As seen in (Table 5) below there was no clear 
relationship between change in levels of the two orbital anti-
bodies measured and ophthalmopathy.

Table 4: Change in serum TSH-Receptor antibody levels following radioiodine treatment in patients with Graves hyperthyroidism with or 
without ophthalmopathy.

N TSH-R Ab levels increased No change In TSH-R Ab levels TSH-R Ab levels decreased Decreased Decreased then increased

No ophthalmopathy at time of radioiodine treatment

16 8(50%) 7(44%) 1(6%)

Ophthalmopathy at the time of radioiodine or de novo after radioiodine

10 5(50%) 3(30%) 0 2(20%)

Totals 26 13(50%) 10(38%) 1(4%) 2(7%)

Table 5: Serum levels of orbital antibodies before and after radioiodine treatment in 5 patients with Graves hyperthyroidism 
and ophthalmopathy.

                                                            Orbital antibody

Calsequestrin Collagen-XIII Ophthalmopathy1

1 Slightly down No change Yes

2 Increased to high then stable Very increased to stable Yes

3 Increased to very high then variable Increased to high then stayed high Yes

4 No change/negative always No change/negative always Yes

5 No change No change/slightly increased Yes
1at time of radioiodine (*) or de novo following radioiodine (**).

Discussion

The proportion of Graves patients treated with RAI is very 
high in the US (75%) but very low (11%) in Australia, for reasons 
that one can speculate upon. So, it is important to document 
the proportion of patients with no ophthalmopathy at the 
time of RAI who develop the eye disease within a few weeks of 
treatment.

To summarise the findings from our small study; we show 
that existing ophthalmopathy worsened in 5(42%) of the 12 
patients after RAI, especially in female smokers, whereas new 
(de novo) eye disease was seen in only two of 20(10%) patients 
without ophthalmopathy at the time of radioiodine treatment, 
both of whom had mild disease Serum TSH-Receptor antibod-
ies increased in 50% of both groups, while orbital antibodies 
showed no trend in either group. 

The worsening of ophthalmopathy following RAI is presumed 
to be due to the increased release of thyroid and orbital tissue 
shared antigens leading to increased orbital inflammation. On 
the other hand, eye signs are expected to decrease in the long 
term because the thyroid and orbital tissue shared proteins are 
eventually destroyed by the radiation. Although we were un-
able to confirm this since long term follow up was not possible.

We have shown recently that patients with Graves diseases 
who smoke have higher blood levels of antibodies targeting 
orbital antigens than nonsmokers [32], the first evidence that 
smoking has a direct effect on the immune reactions in the orbit 
this confirming the hypothesis that ophthalmopathy is second-
ary to the thyroid autoimmunity through cross reactivity against 
thyroid and orbital shared autoantigens, which is worse in smok-
ers [38-41]. Endocrinologists need to be concerned about the 
effects of smoking, which may be much greater than we realise.

Thyroid associations management guidelines

Recommendations of the American Thyroid Association 
(ATA) [42], the American Association of Clinical Endocrinolo-
gists [AACE] [43] and the European EUGOGO Group [44] re-
garding the ophthalmopathy which occurs in association with 
hyperthyroidism in 50% of patients with Graves disease pro-
vide guidelines for its management and the possible effects of 
radiation on the eyes. However, it is noteworthy that none of 
the three associations have mandated, or even suggested, that 
endocrinologists should warn patients without eye disease of 
the unlikely possibility of developing de novo ophthalmopathy. 
Smokers should be warned because we know they are at risk of 
developing ophthalmopathy, as shown in our study. 

Treatment of graves hyperthyroidism

If treatment of Graves hyperthyroidism with RAI is consid-
ered too dangerous for routine use many would choose long 
term antithyroid medication to be the best currently available 
treatment of this common thyroid disorder. However, RAI has 
been described by some as “the best treatment floor any dis-
ease” we should not exclude this “magic bullet” from future dis-
cussion. Total thyroidectomy is another classical way of treating 
Graves hyperthyroidism but the sides effects of surgery namely’ 
voice changes, recurrent laryngeal nerve damage hypothyroid-
ism, hypoparathyroidism, neck swelling and the need to stay in 
hospital for at least two days post-surgery will always be a prob-
lem. Total thyroid radiofrequency ablation might be a future ap-
proach, ophthalmopathy perhaps carried out a well-designed 
AI robots, such as those used to deal with prostate enlargement 
and cancer.
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Limitations of the study

The study was retrospective, the case numbers were small 
and some of the clinical data, such as the dose of RAI used, were 
not available. On the other hand, the fact that there was only 
one clinical observer who carried out all tests including thyroid 
ultrasound, and that the study was carried out at only two sites, 
were strong points in favor of our approach to address this im-
portant issue.

Conclusion

Although studies, including our own, show that the develop-
ment of new eye disease is very uncommon in Graves patients 
treated with RAI it does, seem prudent to warn all patients 
about this possibility. We therefore advise endocrinologists 
that, in order to avoid being accused of harming their patients, 
they should warn their patients about this uncommon (but not 
rare) event, and document this in the case file and correspon-
dence with their GP.

Declarations

Disclaimer/publisher’s note: The statements, opinions and 
data contained in all publications are solely those of the indi-
vidual author(s) and contributor(s) and not of the journal or 
the journal editor(s). Journal or the journal editor(s) disclaim 
responsibility for any injury to people or property resulting from 
any ideas, methods, instructions or products referred to in the 
content.

References

1.	 Wiersinga WM, Bartalena L. Epidemiology and prevention of 
Graves’ ophthalmopathy. Thyroid. 2002; 12: 855–860.

2.	 Burch HB, Wartofsky L. Graves’ ophthalmopathy: current con-
cepts regarding pathogenesis and management. Endocr Rev. 
1993; 14: 747–793.

3.	 Tani J, Gopinath B, Nuygen B, Wall JR. Immunological mecha-
nisms for the eye muscle and orbital connective tissue reactions 
of thyroid-associated ophthalmopathy. Expert Rev Clin Immu-
nol. 2007; 3: 299–311.

4.	 Shanmuganathan T, Girgis C, Lahooti H, Wall JR. Does autoim-
munity against thyroglobulin play a role in the pathogenesis of 
Graves’ ophthalmopathy: a review. Clin Ophthalmol. 2015; 9: 
2271–2276.

5.	 Marino M, Chiovato L, Lis S, Alte MA, Marcocci C, et al. Role of 
thyroglobulin in the pathogenesis of Graves’ ophthalmopathy: 
the hypothesis of Kriss revisited. J Endocrinol Invest. 2004; 27: 
230–236.

6.	 Marino M, Lisi S, Pinchera A, Mazzi B, Latrola F, et al. Identifica-
tion of thyroglobulin in orbital tissues of patients with thyroid-
associated ophthalmopathy. Thyroid. 2001; 11: 177–185.

7.	 Lai OF, Zaiden N, Goh SS, Mohamed NE. Detection of thyroid 
peroxidase mRNA and protein in orbital tissue. Eur J Endocrinol. 
2006; 155: 213–218.

8.	 Eckstein AK, Plicht M, Lax H, Neuhäuser M, Mann K, et al. Thyro-
tropin receptor autoantibodies are independent risk factors for 
Graves’ ophthalmopathy and help to predict severity and out-
come of the disease. J Clin Endocrinol Metab. 2006; 91: 3464–
3470.

9.	 Paschke R, Vassart G, Ludgate M. Current evidence for and 
against the TSH receptor being the common antigen in Graves’ 
disease and thyroid-associated ophthalmopathy. Clin Endocrinol 
(Oxf). 1995; 42: 565–569.

10.	 Soliman M, Kaplan E, Abdel-Latif N, Schaberg L, DeGroot L. Does 
thyroidectomy, radioactive iodine therapy, or antithyroid drug 
treatment alter reactivity of patients’ T cells to epitopes of thy-
rotropin receptor in autoimmune thyroid diseases. J Clin Endo-
crinol Metab. 1995; 80: 2312-2321.

11.	 Gerding MN, van der Meer JW, Broening M, et al. Association 
of thyrotrophin receptor antibodies with the clinical features of 
Graves’ ophthalmopathy. Clin Endocrinol. 2000; 52: 267-271.

12.	 Seo S, Sánchez Robledo M. Usefulness of TSH receptor antibod-
ies as biomarkers for Graves’ ophthalmopathy: a systematic re-
view. J Endocrinol Invest. 2018; 41: 1457-1468.

13.	 Mohni M, Smith TJ. 40 years of IGF1, IGF1 receptor and thyroid-
associated ophthalmopathy. J Mol Endocrinol. 2018; 61: T29–
T43.

14.	 Morshed SA, Ma R, Latif R, Davies TF. Inhibition. Thyroid. 2022; 
32: 429-439.

15.	 Smith TJ, Jansen J. Insulin-like growth factor-I receptor and 
thyroid-associated ophthalmopathy. Endocr Rev. 2019; 40: 236–
267.

16.	 Smith TJ. The insulin-like growth factor-I receptor and its role in 
thyroid-associated ophthalmopathy. Eye (Lond). 2019; 33: 200-
205.

17.	 Krieger CC, Place RF, Bevilacqua C, Marcus-Samuels B, Brent S, 
et al. TSH/IGF-1 receptor cross talk in Graves’ ophthalmopathy 
pathogenesis. J Clin Endocrinol Metab. 2016; 102: 2340-2347.

18.	 Wiersinga W. Autoimmunity in Graves’ ophthalmopathy: the 
result of an unfortunate marriage between TSH receptors and 
IGF-1 receptors? J Clin Endocrinol Metab. 2016; 101: 2340-2347.

19.	 Neumann S, Krieger CR, Gershengorn M. Targeting TSH and IGF-
1 receptors to treat thyroid eye disease. Eur Thyroid Dis. 2020; 
9: 59-65.

20.	 Aust G, Kamprad M, Lamesch P, Shucking E. Activated and 
interferon-γ producing thyroid-derived T cells are detected in 
Graves’ disease, thyroid autonomy as well as in non-toxic multi-
nodular goitre. Eur J Endocrinol. 1986; 135: 60-68.

21.	 Aust G, Kamprad M, Lamesch P, Shucking E. CXCR6 within T-
helper (Th) and T-cytotoxic (Tc) type 1 lymphocytes in Graves’ 
disease (GD). Eur J Endocrinol. 2005; 152: 635-643.

22.	 Al-Ansari F, Lahooti H, Stokes L, Edirimanne S, Wall J. Correla-
tion between thyroidal and peripheral blood total T cells, CD8+ 
T cells, and CD8+ T-regulatory cells and T-cell reactivity to calse-
questrin and collagen XIII in patients with Graves’ ophthalmopa-
thy. Endocr Res. 2018; 43: 264-274.

23.	 Wall JR, Al-Ansari F, El-Kaissi S. What does the use of radioiodine 
treatment of Graves’ hyperthyroidism tell us about the patho-
genesis of the associated ophthalmopathy. EC Ophthalmol. 
2019; 10: 761-766.

24.	 Acharya SH, Avenell A, Philip S, Burr J, Bevan JS, et al. Radio-
iodine therapy for Graves’ disease and the effect on ophthal-
mopathy: a systematic review. Clin Endocrinol (Oxf). 2008; 69: 
943-950.

25.	 Träisk F, Abraham-Nordling M, Berg G, Calissendorff J, Hallen-
gren B, et al. Thyroid-associated ophthalmopathy occurrence 
after treatment for Graves´ hyperthyroidism with iodine-131 
or anti-thyroid drugs. J Clin Endocrinol Metab. 2009; 94: 3700–
3705.

26.	 Moledina M, Damato EM, Lee V. The changing landscape of thy-
roid eye disease: current clinical advances and future outlook. 
Eye. 2024; 38: 1425-1437.



International Journal of Clinical & Medical Case Studies

WWW.ijcmcs.org 06

27.	 Batra K, Kumar S, Buch S, Chandramouli H. Post-radioiodine de 
novo onset Graves’ ophthalmopathy: case reports and a review 
of the literature. Semin Ophthalmol. 2015; 30: 227–231.

28.	 Tay WL, Tong AKT, Hui KYD, Tang YLC, Chng CL. Radioiodine-asso-
ciated de novo Graves’ ophthalmopathy in an Asian cohort. Hell 
J Nucl Med. 2017; 20: 227–231.

29.	 Gopinath B, Musselman R, Adams C, Tani J, Beard N, et al. Study 
of serum antibodies against three eye muscle antigens and the 
connective tissue antigen collagen XIII in patients with Graves’ 
disease with and without ophthalmopathy – correlation with 
clinical features. Thyroid. 2006; 16: 967–974.

30.	 De Bellis A, Sansone D, Coronella C, Conte M, Iorio S, et al. Se-
rum antibodies to collagen XIII: a further good marker of active 
Graves’ ophthalmopathy. Clin Endocrinol (Oxf). 2005; 62: 24–29.

31.	 Tani J, Gopinath B, Nguyen B, Wall JR. Extraocular muscle au-
toimmunity and orbital fat inflammation in thyroid-associated 
ophthalmopathy. Expert Rev Clin Immunol. 2007; 3: 299–311.

32.	 Lahooti H, Champion B, Wall JR. Relationship between smoking 
and serum levels of eye muscle and orbital connective tissue an-
tibodies in patients with Graves’ ophthalmopathy. Endocrinol-
ogy (Springer). 2023; published online.

33.	 Hai YP, Saeed ME, Ponto KA, Elflein HM, Lee AC, et al. A mul-
ticenter, single-blind, case-control, immunohistochemical study 
of orbital tissue in thyroid eye disease. Thyroid. 2022; 32: 1547–
1558.

34.	 Werner SC. Classification of the eye changes of Graves’ disease. 
J Clin Endocrinol Metab. 1969; 28: 982–984.

35.	 Nunery WR, Martin RT, Heinz GW, Gavin TJ. The association of 
cigarette smoking with clinical subtypes of ophthalmic Graves’ 
disease. Ophthalmic Plast Reconstr Surg. 1993; 9: 77–82.

36.	 Mourits MP, Pummel MF, Wiersinga WM, Koornneef L. Clinical 
activity score as a guide in the management of patients with 
Graves’ ophthalmopathy. Clin Endocrinol. 1997; 47: 9–14.

37.	 Nunery WR, Martin RT, Heinz GW, Gavin TJ. The association of 
cigarette smoking with clinical subtypes of ophthalmic Graves’ 
disease. Ophthalmic Plats Reconstrue Surg. 1993; 9: 77-82.

38.	 Bartalena L, Begaze F, Tanda ML, Manetti L, Dell’Unto E, et al. 
Cigarette smoking and the thyroid. Eur J Endocrinol. 1995; 133: 
507–512.

39.	 Hegedüs L, Brix TH, Vestergaard P. Relationship between ciga-
rette smoking and Graves’ ophthalmopathy. J Endocrinol Invest. 
2004; 27: 265–271.

40.	 Thornton J, Kelly SP, Harrison RA, Edwards R. Cigarette smoking 
and thyroid eye disease: a systematic review. JAMA Ophthalmol. 
2014; 132: 253–257.

41.	 Perros P, Hegedüs L, Bartalena L, Marcocci C, Kahaly GJ, et al. 
Graves’ orbitopathy as a rare disease in Europe: a European 
Group on Graves’ Orbitopathy (EUGOGO) position statement. 
Orphanet J Rare Dis. 2017; 12: 72.

42.	 Muldoon BT, Mai VQ, Burch HB. Management of Graves’ dis-
ease: an overview and comparison of clinical practice guidelines 
with actual practice trends. Endocrinol Metab Clin. 2016; 43: 
495–516.

43.	 Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, et al. 
American Thyroid Association guidelines for diagnosis and man-
agement of hyperthyroidism and other causes of thyrotoxicosis. 
Thyroid. 2016; 26: 1343–1420.

44.	 Bahn R, Burch B, Cooper DS, Ross DS, Sosa JA, et al. Hyperthy-
roidism and other causes of thyrotoxicosis: management guide-
lines of the American Thyroid Association and American Asso-
ciation of Clinical Endocrinologists. Thyroid. 2011; 17: 456–520.


