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Background: Graves’ ophthalmopathy (GO) significantly impairs the quality of life of affected individuals and
the most severe cases can be sight threatening. Given the limited therapeutic options, a strong emphasis should
be placed on disease prevention to diminish the significant morbidity associated with this disease.
Summary: GO is most prevalent in women and most severe in men. Although some genetic differences between
GO patients and Graves’ disease patients without ophthalmopathy have been identified, none of the poly-
morphisms identified to date impart a high enough risk of GO to justify genetic testing to guide therapy or
preventive strategies. Poorly defined mechanical factors that appear also to play a role in GO susceptibility will
likely be better elucidated with advances in imaging techniques. Tobacco smoking has been consistently linked
to development or deterioration of GO. Smokers who receive radioactive iodine have the highest incidence of
unfavorable GO outcome, which is proportional to the number of cigarettes smoked per day. Several studies
have reported an association between radioactive iodine treatment for Graves’ disease and worsening or
development of GO. Observational studies suggest that the same appears to be true for thyroid dysfunction,
including both hyper- and hypothyroidism. While thyrotropin receptor antibody levels appear to be useful in
predicting the course of disease and response to therapy, it is not known whether they are predictive of GO
development. The puzzling scenarios of euthyroid or clinically unilateral GO, the large number of nonsmoking
GO patients, and the occasional development of GO years after thyroid dysfunction has been treated all
underline the multifactorial etiology of this disorder in which no single factor determines the clinical outcome.
Conclusions: GO appears to have a complex genetic basis with multiple susceptibility alleles that act in
combination with nongenetic factors to contribute to disease expression.

Introduction

Graves’ ophthalmopathy (GO) is a disease that signif-
icantly impairs quality of life, may be sight-threatening,

and for which limited therapeutic options with variable ef-
fectiveness are available. It is therefore imperative that better
disease prevention be achieved if the significant morbidity
associated with this condition is to be limited. Since the first
description of the disease about 200 years ago (1), a number of
risk factors for the development or worsening of the condition
have been studied. These include gender and ancestral group;
genetic, environmental, and mechanical factors; and factors
related to thyroid dysfunction (Fig. 1). We will discuss each
of these in the context of our current understanding of the
pathophysiology of the disease, touching only briefly on the
impact of radioactive iodine (RAI) treatment for Graves’ dis-
ease (GD) as the topic is discussed in a separate review in this
series.

Gender and Ancestry

Cultural norms lead to significant differences between
genders in their environmental exposure, and both cultural
norms and geography lead to differences in environmental
exposure between ancestral groups. Yet, these populations
are also likely to be dissimilar as regards GO development
due to their different genetic profiles. Therefore, while we
discuss gender and ancestry separately from genetics (see
below), this separation is admittedly artificial.

Patients with GO are more likely to be women by a 2:1 ratio
(2), following the usual predominance of autoimmunity in
women. Yet, men with GD appear to be at the same if not
higher risk of GO development, which is usually of a more
severe form and occurs at a more advanced age than in their
female counterparts (3,4). Differences in the prevalence of GO
also appear to be present between ancestral groups, with
Asians having a lower likelihood of developing the disease
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than Europeans (5). Confounding factors that should be
considered in the interpretation of these data are the vari-
ability of smoking in different populations and between
genders. In addition, normative data concerning proptosis in
these different groups that show an increasing gradient from
Asians to Caucasians to African-Americans (6), perhaps re-
sulting in an over-estimation in the severity of proptosis in
non-Asian GO patients.

Genetics

The concept that GO might be an autoimmune disease
stems from its clinical association with GD, an associated
condition known to be caused by anti-thyrotropin receptor
antibodies (TRAb). Studies show that clinically apparent GO
is present in 25%–50% of patients with Graves’ hyperthy-
roidism, and that subclinical evidence of ocular involvement is
detectable in most of these patients (7). Conversely, the pres-
ence of autoimmune thyroid disease appears to be necessary,
but not sufficient, for the development of GO (8). That GO and
GD might share a common etiology is further suggested by
the close temporal relationship between the onset of GD and
the onset of GO; regardless of which occurs first, the other
develops within 18 months in 80% of affected patients (9).

On the basis of the clinical associations between GO and
GD, it is reasonable to postulate that polymorphic variations
in individual somatic genes or groups of genes known to be
involved in thyroid autoimmunity might also predispose to
GO. In addition, attempts have been made to distinguish from
the pool of all patients with GD those who are most likely to
develop GO. Studies have focused on immunomodulatory
genes including human leukocyte antigen-DR3 (HLA-DR3);
cytotoxic T lymphocyte antigen (CTLA-4); interleukin-1 (IL-1)
family of cytokines; IL-23 receptor (IL-23R); CD40; protein

tyrosine phosphatase, non-receptor type 22 (PTPN22); T-cell
receptor b-chain (TCR-b); tumor necrosis factor-b (TNF-b);
and various immunoglobulin heavy chain-associated genes.
In addition, owing to evidence that both thyrotropin receptor
(TSHR) expression and new fat cell development (adipogen-
esis) are enhanced in the GO orbit (10), the adipogenesis-
related gene peroxisome proliferator–associated receptor-g
(PPAR-g), and the TSHR gene have been investigated, as
have genes encoding thyroglobulin and the glucocorticoid
receptor.

As noted in a review by Jacobson and Tomer (11), most of
the genes found to impact the risk for development of auto-
immune thyroid disease are part of the immunological syn-
apse (receptors, signaling pathway molecules, or presented
peptides). Two IL-23R polymorphisms (rs10889677 and
rs2201841) were shown to be associated with GO with odds
ratios (OR) of 1.8 compared with GD patients not having GO
(12). While an association between CTLA-4 A/G polymor-
phism at codon 17 and GO has been reported, with an OR
directly related to the severity of the ophthalmopathy (13),
that association was not confirmed in a larger cohort of pa-
tients with apparently similar background (14). More re-
cently, it was noted that serum-soluble CTLA-4 concentration
is higher in individuals with severe GO than in those with
mild GO and that these levels are determined at least in part
by the presence of the CTLA-4 gene polymorphisms Jo31 and
CT60 (15). This finding was also disputed in an Asian popu-
lation in which the CTLA-4 polymorphism CT60A/G de-
scribed above, along with two other single-nucleotide
polymorphisms (318C/T, and 49A/G), were not found to be
associated with GO (16). However, the replication of these
findings in different populations is not essential to their va-
lidity as the selective pressure of infectious agents likely
promoted different immune-response polymorphisms in

FIG. 1. Risk factors for
the development or
progression of Graves’
ophthalmopathy. TSH, thy-
rotropin; T3, triiodothyro-
nine; T4, thyroxine.
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various ancestral groups during evolution. As a result, a
particular autoimmune disorder can be associated with
different susceptibility genes in different populations (17).
Another recent report identifies IL-1 alpha 889C/T poly-
morphism (OR of 5.7 for TT genotype) and IL-1 receptor
antagonist (IL-1RA) with Mspa-1 11100C/T polymorphism
(OR of 6.7 for CC genotype) to be significantly more frequent
among patients with GO than among GD patients without
GO (18). The distribution of the Pro(12)Ala peroxisome
proliferator–associated receptor-g gene polymorphism has also
been studied in terms of a genetic predisposition to adipo-
genesis in GO (19). While this polymorphism was found to be
equally present in GD patients with and without GO, in those
with GO this polymorphism was associated with disease that
was milder and less active. While most of the other genes
mentioned above have been shown to be associated with
GD, with or without GO, the findings described above
(e.g., IL-23, IL-1, and IL-1 RA genes) suggest that there might
be a role for genetic factors in the development of the GO
disease phenotype.

Overall, these findings suggest that GO has a complex
genetic basis with multiple susceptibility alleles in combi-
nation with nongenetic factors that contribute to particular
expression of GO in each affected individual. None of the
polymorphisms identified to date, if validated at current
OR, impart a high enough risk of GO to justify genetic testing
to guide therapy or preventive strategies in patients with
GD. Further, postgenetic mechanisms affecting the tran-
scription and translation of these genes might be responsible
for some of the risk of GO, as suggested with respect to TSHR
variants (20).

Mechanical Factors

The bony confines of the orbit restrict the posterior ex-
pansion of the inflammatory tissues within the GO orbit.
Therefore, the increased volume of the orbital fat and extra-
ocular muscle may lead to anterior displacement of the globe,
or proptosis. This serves as a natural orbital decompression to
relieve the intraorbital pressures. On anatomical grounds the
GO patients as a group appear to have a wider lateral orbital
wall angle than their normal counterparts (21), a feature that is
also present in a noninflammatory proptotic entity called
nonsyndromic exorbitism. In addition to that, the presence of
high myopia in a GO patient will lead to an exacerbation of
the proptosis, even though in the general population myopia
is not associated with noticeable exophthalmos (21). The au-
thors of this report argued further that the association of GO
with nonsyndromic exorbitism is likely to lead to a poor re-
sponse to two- or three-wall orbital expansion, without any
significant benefit from the resection of the wide-angle lateral
wall. The importance of orbital anatomy is further empha-
sized by the significant prevalence of clinically unilateral GO
in 6%–14% of all GO cases (22,23). Individual anatomic vari-
ations in the orbital contour or the venous or lymphatic ves-
sels may make some patients with GD more prone to the
development of clinically significant GO or might explain
asymmetric eye involvement in some patients. Besides prop-
tosis, other signs and symptoms of GO are attributable
to mechanical pressures within the noncompliant bony orbit.
These may impair venous and lymphatic outflow and
cause pooling of proinflammatory cytokines within the or-

bital space leading to chemosis, periorbital edema, and
inflammation.

Mechanical factors and trauma to soft tissues may be sim-
ilarly involved in the dermal lesions associated with GO,
termed pretibial dermopathy (PTD). Rapoport and colleagues
reported the case of a Graves’ patient having severe, ele-
phantiasic PTD who suffered worsening coincident with in-
creased periods of prolonged standing (24). The inferior limit
of the PTD was just above the margin of this patient’s shoes,
with relative sparing of the feet. Dependent edema in the
lower extremities with slower return of lymphatic fluid to the
circulation might reduce the clearance and prolong the half-
life of disease-related cytokines or chemokines within the
affected tissues.

Environmental Factors

Tobacco smoking

Smoking has been the risk factor most consistently linked to
either development or deterioration of GO. This combined
outcome has been used by most trials, making the impact of
smoking on the isolated development of new GO cases diffi-
cult to define. In a recent trial of patients with newly diag-
nosed GD treated with either RAI or antithyroid drugs (25),
smoking was the dominant risk factor identified for the
combined GO outcome with an OR of 5.2 (95% CI: 2.4–11.5).
Upon post hoc analysis with a more strict set of criteria for
outcome definition, smoking was found to have an even
higher OR for the combined GO outcome at 9.8 (95% CI: 2.9–
34.9). Of note is that in this study, the choice of therapy for
Graves’ hyperthyroidism in smokers did not impact GO
outcome, a finding at odds with previous studies showing
smoking to be additive to the radioiodine-induced risk of GO
development (26). Given that the smokers who received
radioiodine had the highest overall probability of GO at 3
years (*50%), it is possible that the study was underpowered
to detect a difference in GO outcome in this subset of patients.
Overall, more than 40% of smokers either developed or
worsened GO, which was almost double the rate of non-
smokers. In a similar therapeutic trial (26) of patients with
established GO, smokers treated with radioiodine had a rel-
ative risk of development/progression of GO of 3.9 (95% CI:
1.4–11) compared with nonsmokers. In this study, smoking
imparted additional risk for GO over that conferred by
radioiodine alone and GO progression was prevented when
radioiodine therapy was combined with steroids in 63.8% of
nonsmokers compared with 14.9% of smokers.

These clinical studies suggest that the GO risk related to
active smoking is proportional to the number of cigarettes
smoked per day, and former smokers have significantly lower
risk than current smokers, even after adjusting for lifetime
cigarette consumption. The relationship of second-hand
smoking or passive smoking with GO has been only indirectly
investigated through a questionnaire looking at childhood
GO in European countries (27). The authors identified a very
high (52%) proportion of GO occurring in children <10 years
old (presumably only exposed to second-hand smoking) in
countries with smoking prevalence at >25% of the popula-
tion. In contrast, in countries where the smoking prevalence
is lower, the proportion of GO in children <10 years old is
less (19%), which is similar to the overall prevalence of GO
in children in these countries. Despite the absence of an
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intervention study demonstrating benefit of smoking cessa-
tion on GO outcome, we continue to advise and support (28)
our GO patients in this endeavor based on the consistent
clinical associations along with the multiple additional bene-
fits of smoking cessation.

Mechanisms underlying the relationship between smok-
ing and GO are unclear. Smoking has been associated with
other autoimmune diseases, such as rheumatoid arthritis
(29) and Crohn’s disease (30), suggesting that smoking
increases the risk for immune self-attack with subsequent
development of autoimmune conditions. While patients
with GO have higher levels of circulating IL-6 receptor than
do GD patients without clinical GO, levels do not differ
between smokers and nonsmokers (31). In vitro studies have
shown that both cigarette smoke extract (32) and hypoxia
(33) increase production by orbital fibroblasts of glycos-
aminoglycans, hydrophilic macromolecules that accumulate
in GO orbital tissues. In addition, cigarette smoke extract
synergized with IL-1 treatment (32) to enhance adipogenesis
in these cells, also suggesting a direct and immediate effect of
smoking on the development of GO.

Therapy for GD with RAI

Several retrospective cohorts and randomized trials have
identified the risk of GO development or progression after
RAI therapy for hyperthyroidism to be between 15% and 39%.
After a number of observational studies, randomized con-
trolled trials found that risk at 23/150 (15%) for radioiodine
compared with 4/148 (3%) for antithyroid drugs (26); 13/39
(33%) for radioioactive iodine compared with 4/38 (10%) for
antithyroid drugs and 6/37 (16%) for surgery (34); and 63/163
(38.7%) for RAI compared with 32/150 (21.3%) for antithyroid
drugs (25). The majority of patients developing GO after RAI
treatment had mild and transient disease requiring no treat-
ment. Although these trials used slightly different parameters
to define development of GO and some lacked the evaluation
of disease activity, they are overall consistent in supporting
the hypothesis that RAI treatment of Graves’ hyperthyroid-
ism may negatively impact the eyes. Whether particular
subsets of Graves’ patients might be especially vulnerable to
the effect is yet to be determined, although the most recent of
the trials described above identified a trend for smoking as an
additive risk factor to RAI for GO development (25).

Biochemical Factors

Thyroid dysfunction

Both hyper- and hypothyroidism have been shown in
multiple reports to be associated with increased risk for de-
velopment or deterioration of GO. DeGroot et al. (35) in a
cohort of 264 patients, found an OR of 2.8 for development or
worsening of preexistent GO in patients requiring more than
one dose of RAI to control hyperthyroidism, compared with
patients requiring only a single dose. The confounding issue
not addressed in that study was the independent impact of
multiple doses of RAI on GO outcome, independent of thy-
roid dysfunction. Prummel et al. (36) stratified 90 GO patients
in a referral population using a severity index and found both
hypothyroidism and hyperthyroidism to be associated with
an increased risk for severe GO, with an OR of 2.8 (95% CI:
1.2–6.8) for patients with more severe GO having current

thyroid dysfunction compared to patients with milder GO.
The duration of GD and GO was the same in euthyroid and
dysthyroid individuals in this study. The caveat is that 37
referred GO patients without a history of hyperthyroidism
(i.e., euthyroid GO or GO associated with hypothyroidism
alone) were excluded from the study and that patients with
subclinical hyperthyroidism were considered to be euthyroid.

The studies described above and others (37) have led some
clinicians to a change in practice toward cautious avoidance of
hypothyroidism after radioiodine therapy for GD. One group
studied the early initiation of levothyroxine (at 2 week after
the treatment) to avoid hypothyroidism, comparing GO out-
come in that group with their historical cohort of patients who
did not receive levothroxine until they were documented to be
hypothyroid (permissive hypothyroidism) (38). Results
identified the relative risk of GO development or worsening at
1.64 (95% CI: 1.1–2.6) in the permissive hypothyroidism
group compared with the early treatment group. The study
also documented an increase in the severity of GO in the group
with permissive hypothyroidism, as measured by the number
of patients requiring specific therapy for their eye disease
[relative risk (RR) 2.3 with 95% CI: 1.2–4.6]. This association
between development of hypothyroidism after RAI therapy
and development or worsening of GO was also confirmed in a
prospective manner by Kung et al. (39) in a cohort of 114
patients followed for 2 years. On the basis of these studies, it
has became widely accepted that hypothyroidism after ra-
dioactive therapy for Graves’ hyperthyroidism is a GO risk
factor warranting active prevention of hypothyroidism in
clinical practice and in research protocols (25,26,40,41).

TSHR antibodies

Stimulatory autoantibodies in GD activate TSHR on
thyroid follicular cells, leading to thyroid hyperplasia and
unregulated thyroid hormone production and secretion. The
close clinical relationship between Graves’ hyperthyroidism
and GO has long suggested that immunoreactivity against
TSHR present in both the thyroid and orbit underlies both
conditions. The concept that orbital adipose tissue may con-
tain TSHR evolved from early studies showing TSH binding
to guinea pig retro-orbital adipose tissues, or to porcine or-
bital connective tissue membranes (42,43). A prerequisite for
involvement of TSHR as an autoantigen in GO is that it be
expressed in affected orbital tissues. Studies aimed at identi-
fying TSHR in these tissues have been performed by several
laboratories using many methodologies. Results of these
studies are in general agreement and demonstrate that TSHR
mRNA and protein are present in both GO and normal orbital
adipose tissues and derivative cultures (10). Further, TSHR
expression has been shown to be higher in GO orbital fat
compared with normal orbital adipose tissues (44), and there
exists a positive correlation between TSHR mRNA levels in
individual GO orbital adipose tissue specimens and the pa-
tient’s clinical activity score (CAS) (45).

Currently, two different methods of assessing antibodies
directed against TSHR (TRAb) are being used clinically and
in research studies. TBII (thyrotropin binding inhibitory
immunoglobulin) quantifies the titer of patient’s immuno-
globulins that inhibit the binding of TSH to purified or
recombinant TSHR. It thus measures both thyroid-stimulating
antibodies (TSI) and thyroid-blocking antibodies targeting the
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receptor. The second method is a bioassay that can distinguish
between TSHR-stimulating and -blocking antibodies through
their effect on cyclic adenosine monophosphate (cAMP) pro-
duction in a cell line stably transfected with the receptor; nei-
ther assay can identify neutral TSHR antibodies. While the
physiologic relevance to thyroid function of TSHR-stimulating
and -blocking antibodies is understood, how these antibodies,
or even neutral TSHR antibodies, impact TSHR signaling in
orbital or dermal fibroblasts is less clear. It may be that a subset
or subsets of TSHR-directed antibodies, not yet specifically
measureable and perhaps using pathways other than or in
addition to adenylyl cyclase, are involved in the development
of the various extrathyroidal manifestations of GD, including
not only GO but also thyroid dermopathy and acropathy.

The association of TBII and TSI values with GO develop-
ment was reported by Khoo et al. (46) in 100 consecutive
patients with GD. In this series of nonsmokers, they found a
prevalence of 20%, 36%, 52%, and 64% for GO in the first,
second, third, and fourth quartiles of TSI, respectively. The
OR of GO when TSI levels were above the median level was
3.6 (1.5–8.0). No relationship between TBII levels and GO was
found in that group. Noh et al. (47) and Goh et al. (48) reported
similar results with TSI being strongly associated with GO in
GD patients compared with those having only clinical
hyperthyroidism without ocular features. A study reported
by Kung et al. (39) was at odds with these data, reporting that
the development of new GO (and deterioration of preexistent
GO) after RAI therapy did not correlate with TRAb titers.
Initial studies to determine whether TRAb titers might be
useful in the clinical evaluation of established GO were not
encouraging (49–51). However, these studies used first-
generation TBII assays or long-acting thyroid stimulator
assays, now known to be quite insensitive. Subsequent stud-
ies measured TSI directly and found significant correlations
with disease severity (52).

The concept of measurable GO disease activity, the CAS,
was introduced by Mourits et al. (53) and evaluated in relation
to TRAb by Gerding et al. (54). These investigators studied GD
patients rendered euthyroid who had untreated GO of mod-
erate severity. They found strong and direct correlations
between both TBII levels and CAS and TSI levels and CAS
(r¼ 0.54 for both). They also found similar associations between
proptosis (as a severity marker) and levels of both types of
antibodies. Later investigations focused on using TRAb levels
to predict or assess response to anti-inflammatory therapy.
Eckstein et al. (55) found that TRAb levels remained detectable
in most nonresponders (93%) while they converted to unde-
tectable in the majority of responders. Kahaly et al. (56) noted a
similar decrease in TRAb after intravenous glucocorticoid
therapy that correlated with a decrease in CAS. Thereafter,
Eckstein et al. (57) followed 159 GO patients for 12–24 months,
recording their TBII levels every 3 months. While accounting
for other GO risk factors, they were able to predict the GO
progression in a dichotomous fashion (mild or severe) in 50% of
patients. It remains to be determined whether the presence of
high TBII levels represents a risk for GO after RAI therapy.

Thyroxine and triiodothyronine levels

As discussed above, both persistent hyperthyroidism and
hypothyroidism after treatment for GD appears to predispose
to development or worsening of GO. In addition, studies have

suggested that circulating triiodothyronine (T3) or thyroxine
(T4) may also be associated with GO. Tallstedt et al. (34)
performed a post hoc analysis of patients with pretreatment
T3 values of �5 nmol/L and found the relative risk for GO
development or worsening to be 12.7 (95% CI: 1.7–92.7) for
patients whose hyperthyroidism was treated with thyroid-
ectomy or antithyroid drugs and 5.8 (95% CI: 1.5–22.8) for
patients treated with RAI, as compared with the patients
having T3 values< 5 nmol/L. The same group later confirmed
higher T3 values in patients in whom GO developed or de-
teriorated after RAI therapy, although a significant overlap
was found between the groups (means of 4.4 with standard
deviation 1.6 vs. 4.8 with standard deviation of 1.6). Another
trial in an Asian population failed to identify any relationship
between T3 or T4 levels and GO (39). A recent prospective
study examining the outcome of the three modes of therapy
for GD with regard to GO development (25) found that higher
free T4 levels, but not elevated free T3 levels, minimally in-
creased the risk for GO with an OR of 1.03 (95% CI: 1.01–1.04).
However, the patient data and T4 values studied were col-
lected from different medical centers that used various T4

assays and reference range intervals. A recent retrospective
study by Vannucchi et al. (58) examined GO development,
deterioration, or reactivation after RAI in a cohort in which
prophylactic steroids were used for patients considered at risk
for GO progression. They found that T3 levels were not
associated with GO outcomes (development, reactivation of
inactive disease, or deterioration of active disease) and simi-
larly noted that smoking, TRAb levels, and duration of hy-
pothyroidism after radioiodine bore no relation to GO
outcome. However, these results are difficult to interpret
owing to methodological issues, including the retrospective
nature of the study, the heterogeneity of patients enrolled, and
the various steroid doses and regimens used. Taken together,
the lack of consistency in results along with the low OR re-
ported in these studies suggest that T4 and T3 levels do not
have clinical utility as predictors of GO progression.

In conclusion, while genetic factors involved in the de-
velopment of GD and GO suggest avenues for research con-
cerning potential therapeutic targets, the biochemical and
environmental factors discussed in this review are of imme-
diate clinical applicability. Smoking cessation should be en-
couraged and aided in all patients with GD, especially those
having clinical evidence of GO. In addition, euthyroidism
should be achieved expeditiously in hyperthyroid patients and
hypothyroidism should be avoided. TRAb levels are useful in
GO risk assessment and may be helpful in decisions regarding
whether to use prophylactic glucocorticoids when radioiodine
is employed for treatment of hyperthyroidism in patients with
GO. Finally, mechanical factors have not to date received ad-
equate attention and are likely to be more widely studied using
detailed imaging techniques now available. The puzzling sce-
narios of euthyroid or clinically unilateral GO, the large
number of nonsmoking GO patients, and the occasional de-
velopment of GO years after thyroid dysfunction has been
treated all underline the multifactorial etiology of this disorder
in which no single factor determines the clinical outcome.
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