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Abstract

Introduction This observational investigation aimed to assess the accuracy of a novel score in predicting the onset of overt
Graves’ orbitopathy (GO) in patients with Graves’ disease (GD).

Materials and methods A total of 156 consecutive patients with GD without GO were enrolled. As control group, 45 patients
with non-autoimmune hyperthyroidism were included. At baseline, an ophthalmological evaluation was performed,
including (1) visual function tests and (2) orbital ultrasound. After 24 months, the occurrence of GO was assessed in all
patients.

Results Atbaseline, a score from 0 to 3 and a score from 0 to 5 were assigned based on the results of visual function tests and
the results of orbital ultrasound, respectively. The scores were combined into an overall FUnctional and MOrphological risk
score (FUMO score) (0-8 points), classifying patients as low risk (score 0-2) or medium-high risk (score 3-8). After 24 months,
the 2 risk groups were compared for differences in (1) presence/absence of GO and (2) GO activity and severity. Patients in
the medium-high risk group developed overt GO more frequently than those in the low-risk group. Additionally, GO was
more frequently active and moderate-to-severe in medium-high risk patients. Multiple logistic regression showed that
TRAb levels and FUMO were the strongest independent predictors of GO, with higher FT3 and smoking habit levels also
conferring increased risk. The model demonstrated good calibration and discrimination (AUC = 0.84; P <.0001), with
high positive (73%) and negative (72%) predictive value.

Conclusion Subclinical ocular alterations can predict the progression of GO in patients with GD. The FUMO score,
particularly when combined with TRAb and FT3 levels, reliably identifies patients at risk of developing overt GO,
supporting its use for early risk stratification.

Keywords Graves' orbitopathy, Graves' disease, thyroid autoimmunity, subclinical ocular disease, thyroid eye disease

Graves’ orbitopathy (GO) is an autoimmune disorder that affects
the orbital fibro-adipose tissue, driven by the interaction be-
tween cellular and humoral immunity targeting the thyrotropic
hormone (TSH) receptor (TSH-R) and potentially other autoanti-
gens shared by thyroid epithelial cells and orbital fibroblasts
(1, 2). The clinical manifestations of GO primarily result from 3
key factors: soft tissue inflammation, excessive glycosaminogly-
can production, and adipose tissue expansion (1, 3). Although GO
can occur in patients with chronic autoimmune thyroiditis and,

in rare cases, in those with no overt thyroid dysfunction—
referred to as “euthyroid GO”—it is most commonly associated
with Graves’ disease (GD) (4). With an estimated incidence of
0.54t0 0.9 cases per 100 000 per year in men and 2.67 to 3.3 cases
per 100 000 per year in women (5, 6), GO is considered a relatively
rare disease (7). While the majority of patients with GD exhibit no
or only mild ocular involvement at diagnosis (7, 8), the overall
prevalence of GO across all stages of the disease ranges from
25% to 40% (9). For newly diagnosed GD patients without overt
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GO, estimating the risk of developing GO could be clinically valu-
able. Identifying high-risk individuals may lead to a close follow-
up of ocular manifestations and help guide hyperthyroidism
treatment choices, thereby favoring antithyroid drugs or total
thyroidectomy over radioactive iodine, given the potential ad-
verse effects of ! on GO progression (10-12). Additionally,
prophylactic selenium supplementation could be considered,
as it has been shown to prevent GO worsening in mild cases (13).

A relatively recent study by Wiersinga et al (14) has confirmed
4 independent determinants predictive of GO development in
patients with newly diagnosed GD: clinical activity score (CAS),
thyroid-binding inhibitory immunoglobulin (TBII) levels, active
smoking status, and prolonged duration of hyperthyroid symp-
toms. The authors prospectively validated the association of
these factors with GO incidence within a cohort of hyperthyroid
patients devoid of overt GO at study inception. Leveraging these
determinants, the PREDIGO predictive score was derived, dem-
onstrating a high negative predictive value (NPV) (0.91).
However, the positive predictive value (PPV) was quite low (0.28).

In this context, screening for subclinical ocular alterations in
patients with GD without overt GO could offer valuable insights.
Indeed, while subclinical ocular changes are recognized in many
GD patients without overt GO, their predictive value for disease
progression and the development of overt GO remains unclear.
The aim of this study was to evaluate the accuracy of a novel
score based on subclinical alterations in predicting the progres-
sion of GO in patients with GD.

Methods

Study design and patient selection

A total of 258 patients with new diagnosis of GD and 124 sex- and
age-matched patients with a recent diagnosis of toxic multinod-
ular goiter (TMNG) or toxic adenoma (TA) (control group) were
screened. For the GD group, the inclusion criteria were the fol-
lowing: (1) recent diagnosis of GD, namely a history of hyperthy-
roidism along with previous or present detectable serum
thyrotropin receptor binding antibodies (TRAbs); (2) absence of
GO defined as no ocular complaints and no clinical signs of GO
on examination (no eyelid retraction or edema, no soft-tissue in-
flammation, no proptosis beyond normal limits, no motility re-
striction or diplopia, and CAS=0) (15); (3) written, signed
informed consent to data use and sample collection. For the con-
trol group, inclusion criteria were the following: (1) recent diag-
nosis of TMNG or TA and (2) written, signed informed consent.
The exclusion criteria for both groups were (1) age < 18 years;
(2) GD duration longer than 6 months; (3) presence of corneal
dystrophies; (4) local and/or systemic therapy with drugs known
to have ocular toxicity; (5) presence of ocular or systemic path-
ologies that may interfere with assessments (eg, diabetes melli-
tus, Sjogren’s syndrome); (6) previous eye surgery; and (7) recent
immunosuppressive therapy for any reason.

Given the absence of pre-existing data on the topic, a formal
sample size calculation was not performed before starting the
study. However, a post hoc analysis was conducted to confirm
the sample size needed for sufficient power.

The study was performed according to the institutional guide-
lines and with the International Conference on Harmonization

Good Clinical Practice guidelines and the principles of the
Declaration of Helsinki (1975) and its revised version of 2013.
All patients provided informed consent for being included in
the study and for the use of their anonymized clinical data for re-
search purposes. Data were anonymized for collection and ana-
lysis, avoiding a privacy data breach.

A total of 160 GD consecutive patients and 47 sex- and age-
matched of TMNG or TA patients who satisfied the inclusion cri-
teria and evaded the exclusion criteria were enrolled. Then, 156
GD patients and 45 TMNG or TA patients who completed the 24
months follow-up period were included in the final analysis
(Fig. 1).

Demographic data, including age, gender, smoking habit, GD,
previous and current treatment for GD, and general clinical data
were collected. The following blood tests were performed in all
subjects: free thyroxine (FT4) by chemiluminescence immuno-
assay (Vitros Immunodiagnostics, Raritan, NJ); free triiodothyr-
onine (FT3) by chemiluminescence immunoassay (Vitros
Immunodiagnostics, Raritan, NJ); TSH by immonuochemilumi-
nometric assay (Immulite 2000, Siemens Healthcare, Gwynedd,
UK); TRAbs by enzyme-linked immunoassay (ElisaRSR™ TRAb
3rd generation, Cardiff, UK, RRID:AB_2892140). All patients re-
mained euthyroid while receiving methimazole (median dose:
12.5 mg daily) throughout the study.

Setting

The investigation was carried out at the University of Cagliari
(Endocrinology Unit and Ophthalmological Unit) from May
2018 to September 2024. Data were collected and recorded in
a database. Database validation procedures included the follow-
ing: allowed character checks, batch totals, missing records
check, cardinality check, digits check, consistency check, control
totals, cross-system consistency check, data type check, hash to-
tals, limit check, logic check, presence check, range check, spell-
ing and grammar check, and uniqueness check.

Outcomes

The primary objective was to develop a novel scoring system
based on ocular subclinical alterations identified in GD patients
through visual function tests and orbital ultrasound, and to val-
idate it using the control group. The secondary objective was to
assess its accuracy in predicting the progression of GO from a
clinically silent/subclinical stage to overt GO.

Sources of data and measurements

At baseline, all patients underwent an endocrinological evalu-
ation along with blood tests and thyroid ultrasound. In addition,
an ophthalmological evaluation was performed by the same
ophthalmologist, including (1) visual function tests: measure-
ment of intraocular pressure in upgaze, assessment of ocular
motility by cover and red glass test; (2) orbital ultrasound.
Intraocular pressure (IOP) was measured using Goldmann ap-
planation tonometry in both the primary gaze position and dur-
ing upgaze. Measurements were taken to evaluate for restrictive
changes associated with GO. In the primary position, IOP was
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eligibility

98 patients were excluded: \
+ 2were<18yr

+ 20 had GO signs or symptoms at the
first evaluation

+ 35 had hyperthyroidism > 6 months

» 3 had corneal dystrophies

+ 2 recently started therapy with drugs
known to have ocular toxicity

+ 25 had pathologies that may interfere
with assessments

» 4 previously underwent eye surgery

+ 7 recently started immunosuppressive
therapy

[ 160 GD patients included ]

[ 258 GD patients screened for ]

4 patients were lost
during follow-up

156 GD patients completed
follow-up at 12 and 24 months
and were included in the final
analysis

screened for eligibility

/ 77 patients were excluded:

+ 32 had hyperthyroidism > 6 months

+ 4 had corneal dystrophies

« 2 recently started therapy with drugs
known to have ocular toxicity

+ 26 had pathologies that may interfere
with assessments

= 5 previously underwent eye surgery

+ 8 recently started immunosuppressive

\ therapy /

[ 47 TMNG/TA patients included ]

[ 124 TMNG/TA patients ]

2 patients were lost
during follow-up

45 TMNG/TA patients completed
follow-up at 12 and 24 months and
were included in the final analysis

Figure 1 Flow chart of patient selection and follow-up. The diagram illustrates the screening, inclusion, and follow-up of 258 patients with Graves’
disease (GD) and 124 patients with toxic multinodular goiter or toxic adenoma (TMNG/TA). After applying predefined exclusion and inclusion criteria,
160 GD and 47 TMNG/TA patients were initially included. During follow-up, 4 GD and 2 TMNG/TA patients were lost, resulting in 156 GD and 45 TMNG/TA
patients with complete 24-month follow-up who were included in the final analysis.

recorded to establish a baseline. During upgaze, IOP was meas-
ured to assess for elevation, which can occur due to compression
of the inferior rectus muscle, a common site of inflammatory in-
volvement in GO.

The presence of latent ocular motility impairment was as-
sessed using the cover and red glass test. Regarding cover test,
patients were instructed to fixate on a distant target while main-
taining a primary gaze. Subsequently, each eye was alternately
covered with an occluder. Observation of the uncovered eye’s
movement during the contralateral eye’s occlusion allowed for
the detection of manifest ocular deviations. Rapid covering
and uncovering of each eye facilitated the identification of latent
ocular deviations. The test was performed in the primary gaze
position and the 8 cardinal positions of gaze to evaluate for ocu-
lar deviations in various fields of gaze. The direction and magni-
tude of ocular movement observed during the test provided
information regarding the presence and direction of ocular devi-
ation, potentially indicating the involvement of extraocular
muscles. Then, red glass test was performed. Briefly, a red glass
was placed in front of the patient’s right eye, and the patient was
asked to focus on a single white light source directly in front of
them, maintaining a primary gaze. The patient was then in-
structed to look at the light source from various positions of
gaze, including the primary position and the 8 cardinal positions.
If there was a muscle dysfunction, the patient reported diplopia
(perception of 2 lights: white and red). The direction of gaze that
resulted in diplopia or showed the greatest separation of the im-
ages could suggest which structures were involved.

Orbital US was performed by the same experienced echogra-
pher using a B-mode MYLAB 70XV Echo-scan (ESAOTE, Genova,
Italy) with a 10 MHz transducer. During the examination, the pa-
tients were asked to look straight ahead, maintaining a primary
gaze position. The probe was placed on the closed eyelid, on the
opposite side of the muscle that was examined. Suitable sections
were frozen on the screen when the trans-bulbar muscle stripe
appeared as distinctly as possible. The thickest section of all rec-
tus muscles was then measured at the point of greatest enlarge-
ment, perpendicular to the muscle axis, using calipers. Although
a specific mathematical correction formula or phantom-based
calibration has not been applied, all orbital ultrasound examina-
tions were performed with the same machine by a single experi-
enced operator, using a standardized protocol, to minimize
measurement error. For each rectus muscle, 3 measurements
were obtained on the same image plane, and the mean value
was used for analysis, reducing random measurement error. In
addition, the equipment underwent regular quality assurance
checks according to the manufacturer’s recommendations, limit-
ing potential equipment drift over the study period.

Muscles were considered normal if the thickness was <4 mm,
thickened if the thickness was between 4 and 6 mm, and very
thickened if the thickness was >6 mm.

After 24 months, the occurrence of GO, along with its activity
and severity, was assessed in all patients by an ophthalmological
evaluation, including (1) Hertel’s exophthalmometry (Handaya,
Tokyo, Japan); (2) eyelid aperture; (3) CAS; (4) assessment of dip-
lopia evaluated using a Gorman score (16); (5) assessment of the
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Table 1 Demographic and clinical features of patients with Graves’ disease (GD)

Features Graves’ disease patients Multinodular goiter or toxic P value
(n=156) adenoma patients (n = 45)
Gender Males: 46 (29.7) Males: 13 (28.9) .903
Females: 110 (70.3) Females: 32 (17.1)
Age (years) 46.01 (11.9) 449 (9.7) .865
Smoking Never smokers: 75 (48.1) Never smokers: 20 (44.3) 977
Ex-smokers: 25 (15.8) Ex-smokers: 8 (18)
Current smokers: 56 (36.1) Current smokers: 17 (37.7)
Time since diagnosis of hyperthyroidism (months) 4 (3-6) 3.8 (2-6) 244
TSH (mU/L) NV: 0.4-4 0.67 (0.1-1.3) 0.98 (0.2-1.5) 454
FT3 (ng/L) 4.00 (2.65-6.1) 4.24 (2.98-5.7) ATT
NV: 2.7-5.7
FT4 (ng/dL) 1.26 (0.93-1.82) 1.36 (0.99-1.62) 781
NV:0.70-1.70
TRAbs (UI/L) NV: <1.5 9.83 (3.40-19.97) 0.4 (0.3-0.6) <.0001
Exophthalmometry (mm) 16.5 (1.5) N/A N/A
Clinical activity score (points) 0 (0) N/A N/A
Eyelid aperture (mm) 9 (1.5) N/A N/A
Diplopia Absent: 156 (100) N/A N/A
Intermittent: 0 (0)
Inconstant: 0 (0)
Constant: 0 (0)
Visual acuity (decimals) 1(0) N/A N/A

Data are n (%), mean (SD) or median (IQR). Bold values indicate statistically significant differences (P <.05).
Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; NV, normal values; TRAbs, anti-TSH receptor autoantibodies; TSH, thyrotropic hormone.

corneal status; (6) presence of lagophthalmos; (7) examination of
the fundi; and (8) assessment of visual acuity, measured as best
corrected visual acuity (BCVA) in Logarithm of the Minimum
Angle of Resolution (LogMar). Symptoms such as photophobia,
lacrimation, irritation, blurred vision, burning, itchiness or gritti-
ness and dryness were also investigated.

Statistical analysis

Continuous data are presented as mean and standard deviation
(SD) or median (interquartile range IQR). The Shapiro-Wilk test
for normality of distribution was performed on all variables.
When appropriate, the following tests were performed: (1)
Mann-Whitney U; (2) Fisher exact test. Multivariate analysis
was performed by multiple logistic regression. To assess poten-
tial multicollinearity among predictors included in the multivari-
able logistic regression model, we calculated the variance
inflation factor (VIF) for each covariate. All variables showed
VIF values well below the commonly accepted thresholds for
concern (<2), indicating that collinearity was not likely to bias
the estimated regression coefficients or their standard errors.
A post hoc power analysis for 2 independent proportions
(a =.05) was performed using ClinCalc (www.clincalc.com).
This analysis showed an achieved power >95%, confirming
that the sample size was adequate for both the primary and sec-
ondary endpoint. Statistical analysis was conducted by using
GraphPad Prism®, version 9.4.1. P-values < .05 were considered
statistically significant.

Results

The development of a novel risk score
based on subclinical ocular alterations for
predicting Graves’ orbitopathy
progression in Graves’ disease patients

Baseline demographic and clinical data of the 156 GD patients
and 45 GMN/AT patients included in the study are presented in
Table 1.

To establish a predictive model for the development and se-
verity of GO, a comprehensive scoring system was meticulously
developed, incorporating both functional and morphological
ophthalmic assessments (Table 2). This system aimed to stratify
patients, based on the presence and extent of subclinical ocular
alterations, thereby predicting their risk of progressing to clinic-
ally significant GO over a 24-month follow-up period.

The scoring system comprised 2 primary components: a visual
function score and an orbital ultrasound score. The visual func-
tion score, ranging from 0 to 3, was derived from a battery of vis-
ual function tests, namely intraocular pressure in upgaze, cover
test and red glass test, designed to evaluate the potential latent
inflammation and impairment of rectus muscles. A score of 0 in-
dicated the absence of any detectable abnormalities, reflecting
optimal visual function. A score of 1 signified the presence of sub-
tle alterations in one visual function tests, suggesting early-stage
dysfunction. A score of 2 denoted abnormalities in 2 out of 3
tests, indicating a more pronounced impairment. Finally, a score
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Table 2 Functional and Morphological (FUMO) risk score for Graves’ orbitopathy (GO)

Score component Score Examination tool Interpretation
range
Visual Function Score 0-3 (1) Intraocular pressure in upgaze  0: No abnormalities — normal visual function.
(2) Cover test 1: One abnormal test — early subclinical dysfunction.
(3) Red glass test 2: Two abnormal tests — moderate subclinical
dysfunction.
3: All 3 abnormal tests — significant subclinical
dysfunction.
Orbital ultrasound score 0-5 High-resolution ultrasound 0: No thickening or echogenicity changes.

assessment of extraocular

muscles

FUMO score (FUnctional 0-8

and MOrphological) scores

Sum of visual and ultrasound

1-4: One point for each thickened muscle (up to 4
muscles). + 1: Additional point if >1 muscle >6 mm
thick.

Combined measure of visual and structural orbital
involvement.

The FUMO score combines a visual function score (0-3), derived from a standardized battery of tests (intraocular pressure in upgaze, cover test, red glass test), and
an orbital ultrasound score (0-5), based on the number and thickness of extraocular muscles affected on high-resolution orbital ultrasonography. Visual function
scores from 0 to 3 reflect increasing degrees of subclinical functional impairment, whereas orbital ultrasound scores from 0 to 5 reflect the extent of extraocular
muscle thickening. The combined FUMO score ranges from 0 to 8 and stratifies patients into low-risk (0-2 points; n =120) and medium-high risk (3-8 points;

n = 36) groups.

of 3 represented the presence of abnormalities across all as-
sessed visual function tests, indicating significant, yet subclin-
ical, functional compromise. The specific visual function tests
included in this assessment were carefully selected to capture
a broad spectrum of potential abnormalities, such as visual acu-
ity, color vision, contrast sensitivity, and visual field analysis.
These tests were chosen for their sensitivity in detecting early
changes associated with GO, even before the onset of overt clin-
ical manifestations. Each test was standardized and performed
under controlled conditions by the same expert ophthalmologist
in all patients, to ensure reliability and reproducibility.

The orbital ultrasound score, ranging from 0 to 5, was based
on the severity of muscle thickening and the number of extraoc-
ular muscles involved, as determined by high-resolution orbital
ultrasound. This imaging modality provided detailed cross-
sectional views of the orbital structures, allowing for precise
measurement of muscle dimensions and identification of subtle
changes in muscle echogenicity. A score of 0 indicated no detect-
able muscle thickening or abnormalities, reflecting normal orbit-
al anatomy. Scores from 1 to 4 represented the presence of
muscle thickening, with one point assigned for each muscle in-
volved. An additional point was assigned if the thickening of at
least one muscle exceeded 6 mm.

The visual function and orbital ultrasound scores were
then combined to generate an overall FUnctional and
MOrphological risk score (FUMO score), ranging from 0 to 8
points. Patients were subsequently categorized into 2 risk
groups: a low-risk group, comprising patients with scores of 0
to 2 (120 patients), and a medium-high risk group, encompassing
patients with scores of 3 to 8 (36 patients). None of the patientsin
the medium-high risk group had a score above 5, which is some-
what reassuring, suggesting that no cases of GO were misdiag-
nosed at baseline.

To validate the scoring system, all patients in the control
group underwent the same visual function tests and orbital ultra-
sound assessments. Notably, thyroid function did not differ

between GD patients and control group. None of the TMNG or
TA patients demonstrated abnormalities in any of the tests.
The absence of such alterations in patients with hyperthyroidism
of non-GD etiology supports the hypothesis that these subclinical
ocular changes are not secondary to hyperthyroidism per se but
are intrinsic to GD and potentially linked to an underlying predis-
position to develop GO.

FUMO score: predicting Graves’
orbitopathy severity and activity from
subclinical ocular alterations in Graves’
disease patients

After a 24-month follow-up period, the 2 risk groups were com-
pared for differences in: (1) presence/absence of GO; (2) GO activ-
ity and severity. The comparison was aimed at evaluating the
predictive validity of the scoring system. The demographic and
clinical data of the 156 GD patients with and without GO at 24
months are presented in Table 3.

The results demonstrated a statistically significant association
between the medium-high risk group and the development of
clinically overt GO. Specifically, patients in the medium-high
risk group developed overt GO more frequently than those in
the low-risk group (34/36 vs 66/120, OR 13.39, 95% ClI
3.45-58.21, P < .0001) (Fig. 2A). This finding underscores the pre-
dictive power of the FUMO score in identifying patients at in-
creased risk of progressing to overt GO, while it proved to be
not very effective in identifying patients who were not at risk
of developing GO. Indeed, this new score had a high positive pre-
dictive value (PPV: 0.96), while the negative predictive value
(NPV) was quite low (0.34).

Furthermore, GO was more frequently moderate-to-severe
and active in the medium-high risk group (18/34 vs 7/66, OR
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Table 3 Demographic and clinical features of patients with Graves’ disease (GD) with and without Graves orbitopathy at

24 months
Features Graves’ disease with Graves’ disease without P-value
Graves’ orbitopathy Graves’ orbitopathy
(n = 100) (n=56)
Gender Males: 29 (29) Males: 17 (30.36) .890
Females: 71 (71) Females: 39 (69.64)
Age (years) 45.2 (9.8) 46.7 (10.3) 921
Smoking Never smokers: 40 (48.1) Never smokers: 26 (46.4) .891
Ex-smokers: 20 (15.8) Ex-smokers: 9 (16.07)
Current smokers: 40 (36.1) Current smokers: 21 (37.5)
Hyperthyroidism duration (months) 28.1 (26.9-30.1) 27.9 (27.6-29.8) 799
TSH (mU/L) NV: 0.4-4 1.63 (0.9-2.7) 1.72 (1.2-2.6) .854
FT3 (ng/L) 3.81 (2.98-4.1) 4.22 (2.75-4.8) 678
NV: 2.7-5.7
FT4 (ng/dL) 1.34 (0.97-1.82) 1.18 (0.93-1.62) 766
NV:0.70-1.70
TRAbs (UI/L) NV: <1.5 8.71 (4.40-14.34) 5.4 (3.4-6.6) <.0001
Exophthalmometry (mm) 20 (19-23) N/A N/A
Clinical activity score (points) 3 (2-4) N/A N/A
Eyelid aperture (mm) 12 (2.5) N/A N/A
Diplopia Absent: 52 (52) N/A N/A
Intermittent: 36 (36)
Inconstant: 7 (7)
Constant: 5 (5)
Visual acuity (decimals) 1(0) N/A N/A

Data are n (%), mean (SD) or median (IQR). Bold values indicate statistically significant differences (P <.05).
Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; NV, normal values; TRAbs, anti-TSH receptor autoantibodies; TSH, thyrotropic hormone.
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Figure 2 Predictive value of the FUMO score for development, activity and severity of Graves’ orbitopathy (GO) in Graves’ disease (GD) patients.

Comparison of (A) GO occurrence (absence vs presence) and (B) occurrence rate of moderate-to-severe active vs mild GO after 24 months of follow-up
between low-risk and medium-high-risk GD patient groups, as determined by a composite score of subclinical ocular alterations established at baseline.
The composite score, derived from visual function tests and orbital ultrasound, stratified patients into low-risk (score 0-2) and medium-high-risk (score
3-8) groups. Statistical analysis was performed using Fisher’s exact test, yielding odds ratios (ORs) with 95% confidence intervals and corresponding

P values, reported above the graphs.
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Figure 3 The FUMO score predicts clinical outcomes in Graves’ orbitopathy (GO). Diplopia, proptosis, and Clinical Activity Score (CAS) at 24 months, in
Graves’ disease patients (GD) stratified by the FUMO risk score. The composite score, derived from visual function tests and orbital ultrasound, stratified
patients into low-risk (score 0-2) and medium-high-risk (score 3-8) groups. (A) Number of patients (y-axis) with absent or intermittent diplopia vs

inconstant or constant diplopia (x-axis), comparing the low-risk group (blue bars, FUMO score 0-2) and the medium-high-risk group (red bars, FUMO
score 3-8). (B) Proptosis (y-axis, mm, Hertel exophthalmometry) in low-risk (blue) and medium-high-risk (red) groups (x-axis) as box-and-whisker plots.
(C) CAS (y-axis, points) in low-risk (blue) and medium-high-risk (red) groups (x-axis) as box-and-whisker plots. Statistical analysis was performed using

Fisher’s exact test (A), yielding both the P-value and odds ratio (OR) or Mann-Whitney test (B and C) (P-value significance: P <.0001 ****).

Table 4 Incidence, activity and severity of Graves’ orbitopathy (GO) according to FUnctional and MOrphological (FUMO)
score categories

FUMO score category Patients, n Overt GO occurrence, n (%) Mild GO Moderate-to-severe active GO (%)
n (%)

0 13 1/13 (7.7) 1/1 (100) 0/1 (0)

1-2 107 65/107 (60) 58/65 (89.24) 7/65 (10.76)

34 31 29/31 (93) 16/29 (55.17) 13/29 (44.83)

5-6 3 3/3 (100) 0/3 (0) 3/3 (100)

7-8 2 2/2 (100) 0/2 (0) 2/2 (100)

The number and proportion of Graves’ disease (GD) patients who developed overt Graves’ orbitopathy (GO) during follow-up, stratified by baseline FUMO score
categories (0, 1, 2, 3, 4, >5), are presented as follows: for each FUMO category, the table shows the total number patients, as well as the number of patients with
any GO, mild GO, and moderate-to-severe active GO allowing visualization of the progressive increase in GO risk and disease burden across higher FUMO scores.

8.42, 95% Cl 3.063-21.41, P < .0001) (Fig. 2B), indicating that the
scoring system not only predicted the development of overt GO
but also its activity and severity.

Consistently, patients in the medium-high risk group also ex-
hibited higher rates of constant or inconstant diplopia (9/34 vs
3/66, OR 7.56, 95% Cl 2.12-27.01, P <.0026) (Fig. 3A), greater
proptosis values (P <.0001, Mann-Whitney U=1396) (Fig. 3B),
and higher CAS (P <.0001, Mann-Whitney U =678.5) (Fig. 3C).
These findings further validate the clinical relevance of the scor-
ing system in identifying patients with a higher burden of
GO-related morbidity.

A detailed analysis of GO progression according to baseline
FUMO score is presented in Table 4. The proportion of patients
who developed overt GO increased steadily across FUMO cat-
egories, from 7.7% in patients with a score of 0 to 93% to
100% in all categories with FUMO >3. A similar gradient was ob-
served for disease severity, with the frequency of
moderate-to-severe active GO rising from 0% at FUMO 0 to

10.76% at scores 1 to 2 and up to 44.83% to 100% in patients
with FUMO scores >3 (Table 4).

Finally, patients in the medium-high risk group were more like-
ly to have elevated (>10 UI/L) TRAD titers at the first evaluation
(28/36 vs 33/120, OR 9.22, 95% Cl 3.79-21.34, P < .0001) (Fig. 4).
This association suggests a potential link between immunologic-
al activity and the development of GO, further supporting the val-
idity of the scoring system in identifying patients at increased
risk.

To further investigate independent predictors of GO, we per-
formed a multivariable logistic regression analysis including thy-
roid function parameters (FT3, FT4, TSH), TRAb levels, smoking
habit, GD duration, and the FUMO score. The model showed an
excellent discriminative ability (AUC 0.84, 95% CI 0.78-0.90)
(Fig. 5) and good calibration (Hosmer-Lemeshow P =.27). At
the cutoff of 0.5, the sensitivity was 81.8% and specificity
61.8%, with a balanced PPV (73%) and NPV (72%). Among the
predictors, TRAb levels >10 UI/L (OR 12.9, P <.0001) and FUMO
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Figure 4 Association of elevated thyroid-stimulating hormone receptor
antibody (TRADb) titer with Graves’ orbitopathy (GO) risk stratification.
Comparison of TRAD titters (x-axis) at the first evaluation between
low-risk (blue bars, FUMO score 0-2) and medium-high-risk (red bars,
FUMO score 3-8) Graves’ disease (GD) patients (y-axis), as determined by
a composite score of subclinical ocular alterations. TRAb low-titer was
defined as 1.75-10 UI/L and TRAb high titer as >10 Ul/L. Statistical
analysis was performed using Fisher’s exact test, yielding both the
P-value and odds ratio (OR).

score (OR 30.31, P<.0001) emerged as the strongest determi-
nants of GO progression, while smoking habit (OR 3.668,
P =.037) and higher FT3 levels (OR 4.429, P = .03) also conferred
an increased risk. Conversely, FT4, TSH, and GD duration were
not significant (Table 5).

Discussion

The need to identify GD patients at elevated risk of GO progres-
sion remains a subject of considerable discussion and ongoing
research. Such identification would facilitate the implementa-
tion of tailored therapeutic strategies aimed at mitigating dis-
ease progression and GO development, as well as enabling
more rigorous follow-up to ensure prompt diagnosis and opti-
mized management. Established risk factors for GO progression
in GD patients have been recognized for years and include female
sex, smoking, radioiodine, duration of hyperthyroidism, and in-
adequate control of thyroid dysfunction (16). A role of oxidative
stress and selenium deficiency has been also reported (17, 18).

Recent investigations have identified novel contributors, such
as diabetes mellitus (19) and LDL cholesterol. Indeed, retrospect-
ive studies have suggested a protective effect of statin therapy
against GO development in GD patients (20, 21). Furthermore,
cross-sectional and retrospective analyses have consistently
demonstrated a positive correlation between hypercholesterol-
emia, particularly elevated LDL-C, and both GO occurrence and
CAS (22, 23). Interestingly, high LDL-C levels have been associ-
ated with diminished response to intravenous glucocorticoid

0.0 02 04 0.6 0.8 1.0
1 - Specificity

Figure 5 Receiver operating characteristic (ROC) curve for the
multivariable logistic regression model predicting the onset of Graves’
orbitopathy (GO) in patients with Graves’ disease (GD). The model
included anti-TSH receptor autoantibodies (TRAb) titers, free thyroxine
(FT4), free triiodothyronine (FT3), GD duration, and the functional risk
score derived from subclinical ocular alterations (FUMO score) as
predictors. The area under the ROC curve (AUC) was 0.84 (95% ClI
0.78-0.90), indicating good discriminative ability. The model
demonstrated sensitivity of 81.8% and specificity of 61.8% at a
classification cutoff of 0.5.

treatment (24). Consequently, the EUGOGO guidelines recom-
mend considering the correction of hypercholesterolemia in
GO management (3).

Notably, the PREDIGO study proposed for the first time a pre-
dictive score for the occurrence and progression of GO in GD pa-
tients (14). Although this study represented a significant
advancement in this area, showing a heightened capacity to
identify GD patients unlikely to manifest GO, the precise predic-
tion of those who will develop GO remains a clinical challenge.

In this context, the clinical significance of subclinical ocular al-
terations in GD patients is often underestimated. To address this
knowledge gap, we conducted a prospective study to evaluate
the occurrence of such alterations in GD patients. Based on the
presence and combination of various morphological and func-
tional ocular abnormalities, GD patients were stratified into low-
risk and medium-high-risk categories. At the end of a 24-month
follow-up period, a statistically significant higher prevalence of
GO was observed in the medium-high-risk patient group com-
pared to the low-risk group, with a PPV of 0.96. Notably, the scor-
ing system developed in this study not only proved effective in
predicting the overall risk of progression from a subclinical stage
to overt GO but also showed a high predictive accuracy for
identifying patients at increased risk of developing moderate-to-
severe and active forms of the disease. This highlights its poten-
tial clinical utility not only in early risk stratification but also in
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Table 5 Predictors of GO: multivariable logistic regression results

Variable 0dds ratio 95% ClI profile likelihood Likelihood ratio P-value
FT3 4.429 1.150-18.66 4.697 .0302
FT4 0.124 0.594-1.780 0.008978 .924
Smoking 3.668 0.157-2.81 3.991 .037
TSH 0.708 0.449-1.093 2.422 119
TRAbs 12.99 4.356-50.05 25.78 <.0001
GD Duration 0.663 0.507-0.850 2.83 .105
FUMO score 30.31 7.620-157.2 28.82 <.0001

Bold values indicate statistically significant differences (P <.05).

Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; TRAbs, anti-TSH receptor autoantibodies; TSH, thyrotropic hormone.

guiding closer monitoring and timely intervention for those most
likely to experience more aggressive disease. Furthermore, by
detailing GO outcomes across individual FUMO categories, rather
than only dichotomizing patients into low- and medium-high-
risk groups, we highlight a clear dose-response relationship be-
tween the FUMO score and both the incidence and severity and
activity of GO. Even modest increases in the FUMO score were as-
sociated with a marked rise in GO risk, while higher scores (>3)
identified subgroups in which the risk of developing overt and
moderate-to-severe active GO was significantly higher, under-
scoring the potential value of FUMO as a graded risk-
stratification tool in GD.

The underutilization of orbital ultrasound represents a poten-
tial limitation for the widespread implementation of the FUMO
score. While alternative imaging modalities such as MRI and CT
are well established in the assessment of GO, their routine use
is generally reserved for selected clinical scenarios, including
diagnostic uncertainty, severe disease, or surgical planning.
Due to higher costs, limited accessibility, and, in the case of
CT, exposure to ionizing radiation, these techniques are not suit-
able for systematic risk stratification or longitudinal monitoring.
Therefore, although orbital ultrasound is currently not widely
used in clinical practice and has been superseded by more ad-
vanced imaging, it may provide significant insight into the
screening of subclinical ocular alterations in GD patients, par-
ticularly when combined with functional tests. Importantly,
none of the TMNG or TA patients in the control group exhibited
abnormalities on either ultrasound or visual function tests,
thereby supporting the concept that subclinical ocular altera-
tions are primarily driven by GD-specific autoimmunity, rather
than by simple hyperthyroidism, given the similar FT3 and FT4
levels observed in the control group. These findings reinforce
the reliability and specificity of the proposed scoring system in
detecting subclinical ocular alterations associated with GD and
GO. Interestingly, Lixi et al (25) recently reported that patients
with inactive GO may present subclinical extraocular muscles
dysfunction and morphological changes, which might not be ap-
parent through routine ocular examinations. In their investiga-
tion, the authors demonstrated that the red glass test was
effective in detecting latent diplopia, highlighting its utility in
identifying subtle ocular motility issues and subclinical muscle
involvement. Taken together, these results would suggest that
comprehensive evaluations combining functional tests like the
red glass test and imaging are essential for early detection of

GO-related abnormalities, enabling tailored and prompt man-
agement and improving patient outcomes.

Indeed, in our study, the integration of morphological and
functional assessments of ocular motility in GD patients appears
to offer a valuable and non-invasive tool for identifying those at
higher risk of GO progression. These patients may be submitted
to a close follow-up of ocular manifestations and may benefit
from selenium integrative therapy and topic treatment to poten-
tially prevent or at least mitigate GO occurrence. Furthermore,
for medium-high risk patients identified using this novel score,
treatment with MMI or thyroidectomy, rather than RAI, is likely
more appropriate. Additionally, should RAI be necessary, these
patients may benefit from corticosteroid prophylaxis, even in
the absence of traditional risk factors typically used to determine
the need for oral corticosteroid prophylaxis following RAI.

Notably, we observed a significantly elevated prevalence of
patients experiencing GO in our cohort. This finding may be con-
tributed, at least in part, to the setting of the study. Indeed,
Sardinian population shows a distinct genetic profile and in-
creased autoimmune disease prevalence compared to broader
populations (26, 27). Consequently, differential disease progres-
sion in Sardinian GD patients cannot be excluded. Since our co-
hort was derived from a single geographical area, thereby
limiting the generalizability of the results, caution is warranted
when extrapolating the performance of the FUMO score to
populations with different demographic, clinical, or healthcare
characteristics. External validation in independent and geo-
graphically diverse cohorts is needed before widespread
adoption.

To our knowledge, this is the first investigation to propose a
scoring system, based on comprehensive ophthalmic evaluation
of subclinical alterations. This novel score has been designed to
identify ocular subclinical alterations facilitating GD patient cat-
egorization into discrete risk strata with a markedly high positive
predictive value (PPV). In comparison to the PREDIGO study,
which showed a high NPV and low PPV, the FUMO score pro-
posed in this study has high PPV and low NPV. This finding sug-
gests the potential utility of a unified scoring model integrating
demographic (smoking), disease-specific (hyperthyroid symp-
tom duration, TRAbs, thyroid function), and ocular parameters.
In line with these considerations, our multivariable logistic re-
gression analysis showed that TRAbs, FT3, smoking habit and
the FUMO score have particularly strong associations with GO oc-
currence. The model demonstrated good calibration and robust
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discriminative ability, with an AUC of 0.84, underscoring its reli-
ability in identifying patients at higher risk. These results comple-
ment and extend the predictive capacity of the novel FUMO
scoring system by confirming that the integration of serological,
disease-specific, and ocular functional parameters provides a
more comprehensive risk assessment. Although these findings
suggest that the FUMO score might improve the predictive per-
formance of previously proposed tools such as PREDIGO, we
did not directly evaluate the PREDIGO score in our cohort, and
therefore no formal head-to-head comparison can be drawn.
Moreover, the PREDIGO score was developed and validated in
a large multicenter cohort, which may reduce center-specific
biases that can affect single-center studies like ours.

Overall, our findings can be interpreted within the broader
framework of preclinical and subclinical autoimmune diseases.
In several autoimmune conditions, immunological activation
and tissue remodeling are known to precede the onset of overt
clinical manifestations by months or years, giving rise to a phase
characterized by subclinical structural or functional alterations.
GO appears to follow a similar paradigm. Previous studies
(28, 29) have shown that inflammatory activation of orbital fibro-
blasts and adipogenesis can precede overt clinical signs, leading
to subtle changes in extraocular muscles and orbital fat detect-
able only by imaging. In this context, the identification of such
subclinical alterations may reflect an early phase of disease pro-
gression, occurring before the development of clinically appar-
ent GO. In this context, the subclinical ocular alterations
captured by the FUMO score are likely to reflect early pathogenic
changes rather than mere measurement noise and may re-
present an intermediate stage in the transition from a clinically
silent autoimmune process to overt, active and sometimes
moderate-to-severe GO. This interpretation reinforces the bio-
logical plausibility of imaging- and function-based scores such
as FUMO to identify GD patients at increased risk of clinically sig-
nificant GO. Compared with the PREDIGO score, which empha-
sized negative predictive value, our findings highlight that
combining subclinical ocular alterations with TRAbs and clinical
variables enhances the identification of GD patients likely to de-
velop overt GO, offering a tool with both strong clinical relevance
and potential utility for guiding early intervention strategies.
Larger, multicenter studies are warranted to confirm our results
and propose and validate a robust predictive score to be intro-
duced in clinical practice.
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