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Abstract

Purpose Graves’ ophthalmopathy (GO) is an autoimmune disease that affects orbital soft tissues and represents the most
common extrathyroidal manifestation of Graves’ disease (GD). The European Group of Graves’ Ophthalmopathy (EUGOGO)
has attempted to shed light on the European epidemiological picture of GO, suggesting that GO in newly diagnosed patients
in recent years has a trend towards a less severe clinical presentation. There are no studies that focus this issue on the popula-
tion of our area; we aimed to evaluate the trend of GO clinical presentation in our outpatient clinic through an observation
period of 10 years.

Methods We compared 55 consecutive patients, 11 males (F) and 44 females (M), who came to our observation from Janu-
ary 2005 to December 2006 [Group 1 (G1)], with 56 patients, 15 males, and 41 females, who were referred to us from 2015
to 2016 [Group 2 (G2)]. We studied the following putative predictors of GO presentation and severity: thyroid function,
smoking, diabetes, hypercholesterolemia, time from GO diagnosis to referral to our thyroid centre (TGOD), sex and age.
Results GO severity was significantly reduced in G2 vs. G1 (p =0.04). TGOD > 3 months was related to clinical charac-
teristics of GO (severity and Clinical Activity Score >4) and was an independent predictor of GO severity (p=0.01). The
other variables evaluated had no independent effects.

Conclusions We found that GO severity at presentation was significantly reduced over a ten-year observation period (2005—
2006 vs. 2015-2016) in GO patients referred to our tertiary thyroid centre. TGOD >3 months was an independent predictor
of GO severity.
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Introduction daily life, work, and activities and consequently reducing

quality of life (QoL) [7-9]. Unfortunately, some literature

Graves’ ophthalmopathy (GO) is an autoimmune disease
that affects orbital soft tissues and represents the most com-
mon extrathyroidal manifestation of Graves’ disease (GD).
Thyroid stimulating hormone receptor (TSHR) is believed
to be the autoantigen shared between thyroid and orbit tis-
sues [1-6]. There are several clinical variants of GO, which
accounts for the lack of a clear epidemiological picture. In
its more severe forms, GO has a major impact on the social
sphere of the patient, as some clinical manifestations could
be disfiguring and disabling, interfering with the subject’s
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studies identified patients with GO through a registry; more-
over, the estimates of the prevalence of GO are derived from
a small number of epidemiological studies using different
methodologies to diagnose GO. In recent times, the Euro-
pean Group of Graves’ Ophthalmopathy (EUGOGO) has
attempted to shed light on the European epidemiological pic-
ture of GO, suggesting that GO in newly diagnosed patients
in recent years has a trend towards a less severe clinical
presentation. Indeed, it seems that the clinical phenotype
of Graves’ disease is presently milder than that in the past
[10-12]. Although it seems that severe forms of GO appear
in general less frequently, there are no studies that focus on
the population of our area. Considering that our centre is the
only reference centre for GO in Sicily, we aimed to evaluate
the temporal trend of the clinical presentation of GO in the
eastern part of Sicily over the last decade.
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Aim

We aimed to evaluate the trend of GO clinical presentation
in our outpatient clinic through an observation period of
10 years and to identify its predictive factors.

Methods
Patient selection

We selected 221 consecutive patients observed in our cen-
tre from January 2005 to December 2006 and from January
2015 to December 2016. We excluded 21 patients who had
undergone surgical orbital decompression and 40 patients
previously treated with oral or parenteral corticosteroids
and/or radiation therapy, and 49 patients because they had
been diagnosed with GO for more than 12 months at the first
visit. Finally, we studied 111 patients with GD and untreated
GO who was diagnosed within 12 months of the presenta-
tion of eye symptoms. We compared 55 patients, 11 males
(F) and 44 females (M), who came to our observation from
January 2005 to December 2006 [Group 1 (G1)], with 56
patients, 15 males, and 41 females, who were referred to us
from 2015 to 2016 [Group 2 (G2)]. Thyroid function, smok-
ing, diabetes, hypercholesterolemia, time from GO diagnosis
to referral to our thyroid centre (TGOD), sex and age were
analyzed as putative predictors of GO severity.

GO clinical evaluation

The same trained endocrinologist and ophthalmologist
examined the patients during both periods. GO was graded
according to EUGOGO criteria. Quality of life was evalu-
ated by a validated specific GO quality of life question-
naire (GO-QOL) [8]. Mild was defined as having no or
mild impact on daily life; moderate to severe (MS) was
defined as having a moderate impact on daily life and
showing one or more of the following clinical signs: 2 mm
or more above the normal value lid opening, moderate to
severe soft tissue involvement, Hertel measurements 3 mm
or more above 21, and constant or inconstant diplopia
according to the Gorman score. GO was defined as severe
(S) when dysthyroid optic neuropathy (DON) or severe
corneal breakdown appeared. DON was defined clinically
when visual acuity was less than 6/10 (by Snellen table)
in almost one eye, more than two errors in the vision of
tables of Ishihara were detected and the abnormalities of
fundus oculi related to DON were present by ophthalmo-
logical inspection. GO was defined as asymmetric when
the Hertel measurement or eyelid aperture was >2 mm or
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>3 mm, respectively, more in one orbit than in the other.
GO activity was evaluated according to the seven-point
Clinical Activity Score (CAS) and was defined as active
when CAS >3.

Analytical methods and metabolic evaluation
criteria

Serum hormones were measured by microparticle enzyme
immunoassay (Abbot AxSYM-MEIA) with interassay
coefficients of variation of less than 10% over the analyti-
cal ranges of 1.7-46.0 pmol/L for FT3, 5.15-77.0 pmol/L
for FT4 and 0.03-10.0 mU/L for TSH. The within-run
and between-run precisions for FT3, FT4 and TSH assays
showed coefficients of variation <5%. Thyrotropin receptor
antibodies (TRAbs) were measured by a 3° generation assay
(SELco TRAbs Human, Dahlewitz/Berlino (Germany). Dia-
betes was defined by fasting glycaemic values >126 mg/dl,
impaired fasting glucose (IFG) >100 mg/dl and impaired
glucose tolerance (IGT) >115 mg/dl, the diagnoses of Dia-
betes, IFG and IGT were validated by the evidence of fasting
glycaemic values beyond the established threshold in more
than one determination. Hypercholesterolemia was defined
by LDL cholesterol >140 mg/dl calculated by the formula
of Martin/Hopkins, which is reliable for a wide range of tri-
glyceride values. Glycaemia and cholesterol plasmatic levels
were evaluated by standard analytical methods.

Statistical analysis

We used the SPSS package (IBM SPSS statistics for Win-
dows, version 20 Armonk, (NY:IBM Corp) for statistical
analysis. Data were available on the diagnosis of GD, the
onset of GO symptoms, and the initiation of GO immuno-
suppressive therapy. Continuous variables were analysed by
Student’s ¢ test, nonparametric continuous variables were
analysed by the Mann—Whitney U test, and the chi-square
test was used when appropriate. Moderate to severe and
severe GO were analysed both singularly and as one group
(MS +5S). We also evaluated whether TGOD above 50° per-
centiles (TGOD > 3 months) could be correlated with the
clinical characteristics of GO. More specifically, we built
two different binomial logistic regression models (M1 and
M2). M1 was built by considering the effect of age, sex,
GO severity and setting the two groups of GO patients (G1:
2005-2006 vs. G2: 2015-2016) as dependent variables. By
M2 we analyzed the predictive role of TGOD >3 months,
Hertel measurements, CAS, diplopia, and belonging to G1
or G2, that we set as covariates respect to GO severity that
we set as the dependent variable. The chosen significance
level was p=0.05.
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Results

The characteristics of the patients studied are depicted in
Table 1.

Sex and age of patients at GO presentation

GO clinical presentation showed no sex differences over time
when we compared the two observation periods. The age at
presentation was similar in male and female GO patients and
showed no significant differences between the two evalu-
ation periods: 45.9 +12.1 vs. 42.9 +9.6 years, G2 vs. Gl
(females, p=ns) and 50.1 +12.1 vs. 45.1 +£12.9 years, G2
vs. G1 (males, p=ns) (Table 1).

Thyroid function

Thyroid function at presentation was not different between
the two groups. All patients were treated with methimazole
doses ranging from 10 to 30 mg daily. The majority of the
study patients had clinical or subclinical hyperthyroidism,
and this proportion was similar in both groups (Table 1).
Based on geographical residence, dietary habits and medi-
cations, we assumed that iodine and selenium intake were
similar between the two groups of patients.

Smoking status, metabolic parameters, immunity
markers

The percentage of GO smokers was similar between the
two different groups of patients: 38.2 vs. 44.6 (G1 vs.
G2, p=ns); however, the percentage of female smokers
showed an incremental trend through the studied periods,
although it was not statistically significant: 34.1 vs. 43.9

(G1 vs. G2, p=ns). The presence of diabetes, impaired
glucose tolerance and impaired fasting glycaemia were
similar between the two groups as the GO patients with
LDL cholesterol >140 mg/dl. TRAbs levels and their rate
of positivity were not significantly different between the
two groups of patients (Table 1).

GO severity and activity

One patient in G2 (1.8%) vs. 4 patients in G1 (7.3%) had
sight-threatening GO because of corneal involvement and
clinical optic neuropathy. Nine patients in G2 (16.1%) vs.
12 patients in G1 (21.8%) had moderate to severe GO.
Two patients in G1 and 1 patient in G2 had very light
involvement of the corneal surface but were considered
to have moderate to severe GO. Forty-three patients in
G2 (76.8%) vs. 33 patients in G1 (60.0%) had mild GO.
Hertel measurements were not different between the two
groups of patients: 19.5+3.1 vs. 19.1+3.2; (G2 vs. G1,
p=ns). GO was asymmetric in 3 (5.4%) patients with G2
vs. 4 (7.3%) patients with G1 (p =ns). Diplopia evalu-
ated according to Gorman score was present in 20 (35.7)
vs. 23 (41.8) patients (G2 vs. G1, p=ns). GO was active
in 26 (46.4%) vs. 17 (30.9%) patients, (CAS > 3; G2 vs.
G1, p=ns). GO was very active in 2 (3.6%) vs. 5 (9.1%)
patients (CAS >4, G2 vs. G1, p=0.09). A less severe GO
clinical presentation in patients of G2 vs. G1 was evi-
denced, but it was not statistically significant. In contrast,
the trend became statistically significant when moderate to
severe and sight-threatening GO were considered together,
13 (23.2%) vs. 22 (40.0%) patients, respectively, G2 vs.
G1, p=0.04. TGOD and therapies offered were not differ-
ent between the two groups of patients (Table 2; Fig. 1).

Table 1 Characteristics of the
111 GO patients in the study

2005-2006 (G1) 2015-2016 (G2) P
Number of patients with GO (F/M) 55 (44/11) 56 (41/15) ns
Thyroid function (number of Eu/Hypo/Hyper) 4/1/50 2/0/54
GO F/M ratio 4/1 3/1 ns
Smokers n, (%) 21 (38.2%) 25 (44.6%) ns
Female smokers n, (%) 15 (34.1%) 18 (43.9%) ns
Male smokers n, (%) 6 (54.5%) 9 (60%) ns
Female age at GO presentation (years) 42.9+9.6 459+12.1 ns
Male age at GO presentation (years) 45.1+11.9 50.1+12.2 ns
Diabetes-IFG-IGT 2-3-1 2-3-2 ns
LDLc > 140 mg/dl (number) 10 11 ns
TRAb (UI/L) 7.2 (2.8-22.5) 4.8 (1.0-21.1) ns

GOGraves’ Ophthalmopathy, LDLcLow Density Lipoprotein Cholesterol, /GTImpaired Glucose Toler-
ance, [FG Impaired Fasting Glucose, TRAb Thyroid Receptor Antibody
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Table 2 Clinical characteristics

. . 2005-2006 (G1) 55
of GO in the two periods

2015-2016 (G2) 56 P

studied S GO n, (%) 4(73) 1(1.8) 0.2
MS GO n, (%) 18 (32.7) 12 (21.4) 0.3
MS+S GO n, (%) 22 (40.0) 13 (23.2) 0.04
Mild GO n, (%) 33 (60.0) 43 (76.8) 0.5
CAS 2.0 (0-4) 2.1 (0-4) 0.7
Corneal involvement n, (%) 6(10.9) 2(3.6) 0.2
Dysthyroid optic neuropathy (DON) n, (%) 4(7.3) 1(1.8) 0.2
Active GO CAS >3 n, (%) 17 (31) 26 (46) 0.5
Active GO CAS >4 n, (%) 509.1) 2 (3.6) 0.09
Asimmetrical GO n, (%) 4(7.2) 3(5.3) 0.2
Hertel (mm) 19.1+£3.2 19.5+3.1 0.4
Diplopia n, (%) 23 (41.8) 20 (35.7) 0.4
TGOD (months) 3.6+1.8 32+1.7 0.2
Therapy (0S/ivS/Radio/Radio +ivS) 3/10/1/3 1/6/1/4

Go S (n-%)Sight-threatening GO(n-%), GO MS (n-%)Moderate to severe form of GO, GO MS+ GO
S (n-%)sum of moderate-severe and severe forms of GO, CASClinic Activity Score, Hertel(mm)exoph-
thalmos measurement, 7TGODtime from GO diagnosis to referral to our centre (months), Therapy (0S/
ivS/Radio/Radio + ivS) therapy with oral steroids or intravenous steroids or Radio therapy or Radio ther-

apy +intravenous steroids

Fig. 1 Clinical phenotypes in

GO presentation during the
two periods of observation

(2005-2006 vs. 2015-2016) 7.3%

32.7%

p=0.04
1.8%
21.4%

=

Total=100%

[l

60%

Years 2005-2006

Correlation of TGOD with clinical characteristics
of GO; Binomial logistic regression analysis, M1
and M2 models

The mean number of months elapsed from time from GO
diagnosis to referral to our centre (TGOD) was similar
in the two groups (3.6+1.8 vs. 3.2+ 1.7, in G1 and G2,
respectively) (Table 2) although the number of GO patients
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76.8%
B8 Severe GO
[ Moderate to Severe GO Years 2015-2016
N Mild GO

with referral time >3 months (TGOD >3 months [>50°
percentiles]) was correlated with the severity of GO and
with the CAS >4 (Chi-square: p=0.04 and p =0.02 respec-
tively); CAS was significantly increased in patients with
TGOD > 3 months (Man Withney-U: p=0.03).

According to M1 binomial logistic regression model
the risk for GO severity was significantly related to the
two different periods studied (G1 [2005-2006] and G2
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Table 3 Binomial logistic regression analysis (model M1) comparing
GO clinical characteristics in the two patient groups

G1 (2005-2006) vs. G2 (2015-2016)

Wald Exp (B) 95% CI P
Age 0.34 0.99 0.95-1.02 0.5
Sex 1.29 1.73 0.67-4.49 0.2
GO severity 4.71 2.61 1.12-6.24 0.03

GO severityGraves’ ophthalmopathy severity including moderate to
severe and severe GO

Table4 Binomial logistic regression analysis (model M2) of GO
severity in relation to the two groups of patients, TGOD and clinical
variables

GO severity

Wald Exp (B) 95% CI P

G1(2005-2006)-G2  6.09 438
(2015-2016)

TGOD >3 months 6.47 5.54

1.35-14.16 0.01

1.48-20.75 0.01

CAS 3.42 1.71 0.97-3.03 0.06
Hertel 15.01 1.64 1.27-2.11 0.001
Diplopia 2.61 0.41 0.12-1.21 0.2

TGOD>3 mo.time from GO diagnosis to our center refer-
ral >3 months, CASseven points clinical activity score, GI group 1,
G2 group 2

[2015-2016]) and was reduced in G2 vs. G1 (p=0.03)
confirming the data of univariate analysis. Age and sex had
no effect in the two different periods studied (Table 3). By
model M2, we found that belonging to G1 was an inde-
pendent predictor of increased risk to have more severe
GO (p=0.01). Moreover, TGOD > 3 months independently
increased the risk for more severe GO (p=0.01). Hertel
measurement as expected was another predictor of GO
severity (p <0.001) (Table 4).

Discussion

GO is a rather complex disorder because the clinical pres-
entation is very different from patient to patient. The GO
clinical phenotype is mild at presentation for approximately
80% of cases, moderate to severe for 15% and sight threat-
ening for less than 2%. Approximately 2% of mild cases
turn into moderate to severe GO and approximately 1% into
severe GO, most of these changes occur 6-12 months after
the diagnosis of GO [9]. It has been hypothesized that there
is a declining trend in the clinical severity of GO at presenta-
tion in European populations. Very recently, the European
Group of Graves’ ophthalmopathy (EUGOGO) published
the PREGO III study [11, 12], and the authors of this study

compared the data of 269 GO patients evaluated in 2012
from 15 different European centres with 432 GO patients
evaluated in 2019 from 41 centres. The authors stated that
GO severity was significantly decreased in 2019 with respect
to 2012 and concluded that “These changes might reflect a
general increased awareness of EUGOGO centres and activ-
ity among general physicians/endocrinologists and patient
organizations”. We compared the clinical presentation of
55 (G1) GO patients who were referred to our centre from
2005 to 2006 with that of 56 (G2) GO patients who were
observed from 2015 to 2016. We included only patients with
GO presentation within 12 months of diagnosis of GD, and
studied the following putative predictors of GO presentation
and severity: thyroid function, smoking, diabetes, hypercho-
lesterolemia, TGOD, sex and age. Thyroid function is a very
important variable that modulates GO activity and severity,
and to normalize thyroid function is the first step to prevent
GO presentation and/or exacerbation [13—15]. Hyperthyroid-
ism causes oxidative stress that increases innate and adap-
tive immune responses in patients with GD, increasing the
risk of GO presentation [16], although hypothyroidism also
increases the risk of GO presentation and exacerbation by
TSHR overactivation [17]. However, thyroid function was
similar between the two different groups of patients with
GO studied. Smoking is the most recognized risk factor for
GO presentation and exacerbation since smokers have more
severe GO than nonsmokers [18]. Smoking, both directly
and indirectly, plays a role in GO clinical presentation and
evolution. Chronic hypoxia could redirect local macrophage
function and orbit fibroblast proliferation by increasing Ipos-
sic-Factor-1 (IF-1) and promoting some different grades of
inflammation. Smoke increases the level of hyaluronic acid
and glycosaminoglycan production by orbit fibroblasts, and
this action is synergistic with interleukin-1 (IL-1) activ-
ity. Moreover, smoking could affect GO by direct trauma
from heat through the medial orbit wall, which is very thin.
According to clinical evidence, smoking is considered the
most crucial factor for GO presentation and exacerbation
[19-22]; some authors state that there seems to be a trend
towards a decline in progression of GO, possibly due to bet-
ter control of cigarette smoking in the past years. However,
decline of smoking is not linear among the different Euro-
pean populations and it is related to education of peoples,
smoking in fact has been growing between people with basic
education and among female of developing countries [23].
In our study, the habit of smoking was not different between
males and females or between the studied periods. We noted
an incremental trend for smoking in females during the last
period (2015-2016 vs. 2005-2006); however, it was not sta-
tistically significant although the lack of effect noted may be
due to the small sample of patients studied, as the trend in
smoking habits in Italy is not declining.

@ Springer



2182

Journal of Endocrinological Investigation (2024) 47:2177-2184

Recently, type 2 diabetes (DMT2) and/or cholesterol have
been proven to be risk factors for GO presentation and sever-
ity. DMT2 and/or hypercholesterolemia cause a systemic
inflammatory state that adds to the GO immunological pro-
cess and contributes to the remodelling of orbital tissues.
Elevated LDLc levels increase the influx of free fatty acids
into the liver, causing the production of reactive oxygen
radical species (ROS) and interleukin-6 (IL-6). IL-6 activ-
ity within the orbital environment can promote the secretion
of insulin growth Factor 1 (IGF-1), improving the expansion
of soft orbital tissues [24-27]. We did not find differences in
the LDLc or glucose levels of the GO patients studied. We
did not observe any difference in sex or age between the two
groups of patients. The role of iodine supplementation and
GO severity has been evaluated in the Scandinavian popula-
tion by Laurberg et al. [28]. These authors concluded that
GO clinical presentation is not related to the iodine intake
of the population. We studied a population from the eastern
part of Sicily. Iodine supplementation in that area started
in 1996, and according to the last studies by ISTISAN [29],
urinary iodine excretion of the Sicilian population was nor-
malized during the last 15 years.

Selenium (SE) intake is another factor related to the
severity of GO. SE is an essential nutrient for the synthesis
of selenocysteine, which is part of selenoproteins, mostly
enzymes, in which SE acts as an antioxidant. The increase
in the generation of oxygen free radicals plays a pathogenic
role in GO. SE reduces oxidative stress and cytokine lev-
els, decreasing orbital fibroblast proliferation in the orbit
of GO patients. Some studies have shown that SE levels
are lower in GO patients; moreover, SE supplementation is
effective in preventing GO presentation and exacerbation
[30, 31]. SE supplementation was not in use until 2005,
and in any case, no patients were given SE before our clini-
cal evaluation. We conclude that all putative predictors of
GO presentation and severity were similar between the two
groups of GO patients, as evidenced by univariate analy-
sis. The TGOD was not different in G1 respect G2 at uni-
variate analysis, however, when we studied all the patients
with TGOD > 3 months (TGOD duration in months >50°
percentiles) we found a correlation with the severity of
GO and with CAS >4. Moreover, the number of patients
with CAS >4 was significantly increased in patients with
TGOD >3 months. We finally evaluated sex, age, GO sever-
ity, respect the two different period of GO evaluation (G1
[2005-2006] vs. G2 [2015-2016]) by a binomial logistic
regression analysis model (M1). This model indicated that
GO severity at presentation was significantly different in the
two different periods chosen (p =0.03); age and sex had no
significant effect (Table 3). To better understand the role of
TGOD and of the two different period studied on GO sever-
ity we build a second regression model (M2) with some
putative predictors of GO severity set as covariates: number
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of patients with TGOD >3 months (TGOD > 50° percentile),
G1 vs. G2, Hertel measurements, CAS and diplopia set as
covariates and GO severity set as the dependent variable;
this model evidenced the independent role of the two differ-
ent period studied (G1 [2005-2006] vs. G2 [2015-2016])
and TGOD > 3 months as predictors of GO severity (both
p=0.01). As expected Hertel measurement was also an inde-
pendent predictor of GO severity (p =0.03) (Table 4).

The present study indicates that GO more frequently
occurs as a less severe form in the last decade and suggests
that TGOD > 3 months is an independent predictor of the
clinical characteristics of GO at presentation. These data
also suggest that a closer interaction between general medi-
cine doctors, endocrinologists and ophthalmologists should
be mandatory in the management of thyroid and orbital dis-
ease [12]. This interpretation, however, should be supported
by prospective studies, which are very difficult to perform,
as GO is almost a rare disease. The main strength of our
study is the standardized methodology used to select GO
patients. All patients were seen at our outpatient clinics for
GO, which is the only EUGOGO centre recognized in Sicily
and the same trained endocrinologist and ophthalmologist
visited all patients in the study. The major limitation of our
study is represented by the limited number of patients.

Conclusions

We found that GO severity at presentation was significantly
reduced over a ten-year observation period (2005-2006 vs.
2015-2016) in GO patients referred to our tertiary thyroid
centre (EUGOGO recognized centre) before starting any
specific treatment. The two different periods of observation
and the TGOD > 3 months were independent predictors of
GO severity. However, these results should be further evalu-
ated by prospective studies aimed at identifying the relevant
variables involved in changes in the clinical presentation of
GO over time.
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