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ABSTRACT

Objectives The clinical course of thyroid eye disease
(TED) is heterogeneous and predicting patients who may
develop the severe sequelae of the disease is difficult.

In this study, we evaluated the longitudinal association
between changes in serum thyroid-stimulating hormone
(TSH) receptor antibody (TRAb) levels and course of
disease activity and severity over time.

Design This was a multicentre, prospective, observational
study.

Setting Fifteen tertiary care oculoplastic service centres
in Korea.

Participants Seventy-six patients with newly diagnosed
TED were included and followed up for 12 months.
Methods We evaluated clinical characteristics and

serum TRAD levels at baseline, 6 and 12 months of

TED diagnosis. Additionally, we analysed longitudinal
associations between the serum TRADb levels and clinical
activity score (CAS), no signs or symptoms, only signs,
soft tissue involvement, proptosis, extraocular muscle
involvement, corneal involvement, sight loss (NOSPECS)
score and proptosis.

Results Thyroid-stimulating immunoglobulin (TSI) and
TSH-binding inhibitory immunoglobulin (TBII) levels
decreased during the 1-year follow-up, whereas disease
activity measured using CAS decreased mainly in the first
6 months. Disease severity measured using NOSPECS
score and proptosis remained unchanged. Moreover, inter-
person differences in TBII levels were associated with
CAS, NOSPECS score and proptosis over time, whereas
inter-person differences in TSI levels were associated

with NOSPECS score. Subgroup analysis of patients with a
baseline CAS>4 demonstrated that within-person changes
in TSI levels affected the CAS and NOSPECS score.
Conclusions Follow-up measurement of serum TSI and
TBIl levels may help evaluate TED prognosis and enable
accurate clinical decision-making.

INTRODUCTION

Thyroid eye disease (TED) is a component
of autoimmune Graves’ hyperthyroidism,
wherein the thyroid-stimulating hormone
(TSH) receptor antibody (TRAb) stimulates
orbital and periorbital tissues.' > The clinical
course of TED is heterogeneous, and the

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is the first study to investigate longitudinal cor-
relation between thyroid-stimulating immunoglobu-
lin levels and clinical characteristics in thyroid eye
disease (TED) in a prospective setting.

= Correlations between TED status and decreases in
thyroid-stimulating hormone receptor antibody lev-
el were disaggregated to within-person and inter-
person effects using a linear mixed model with
time-dependent covariates.

= This approach enabled assessment of correlations
between autoantibody values at initial presentation
and clinical characteristics at follow-ups, as well
as correlations between time-dependent chang-
es in autoantibody values and changes in clinical
features.

= The findings of this study should be interpreted with
caution given the observational nature of the study
and lack of standardisation of the baseline clinical
characteristics and treatment modalities during
follow-up, which may have affected the clinical
characteristics over time.

natural course is benign in a considerable
proportion of TED cases, although some
cases may present with substantially severe
sequelae.”™ Indications that can assist clini-
cians in determining TED prognosis are
limited, such that ascertaining the patients
who can develop the potentially blinding
sequelae of TED is difficult.

Relationships between TED-related serum
TRADb levels and clinical characteristics
have been elucidated. Serum TRADb levels
correlate directly with the clinical features of
TED, with high TRAb level correlating with
the disease prevalence and status.”' Addi-
tionally, patients with higher baseline TRADb
levels demonstrated a higher risk of severe
disease course during a l-year follow-up.’
However, TRAD levels differ over time and
decrease to a large extent in some patients
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but not others.” '* Most studies have measured serum
TRAD level only at the baseline; however, using only base-
line values results in the loss of information provided by
the serum TRAD level, which changes over time, thereby
limiting the assessment of relationships between thyroid
autoantibodies and TED.

Currently, two established assays are available for
measuring the TRAD levels: the competitive TSH-binding
inhibitory immunoglobulin (TBII) assay and functional
thyroid-stimulating immunoglobulin (TSI) bioassay.” '* '*
The former uses the ability of TRAD to inhibit the binding
of radiolabelled TSH to TSH receptors,"” and the latter
measures cyclic AMP production after TRAb binds to
the TSH receptor, enabling functional TRAb identifi-
cation.'® ' Several studies evaluating the correlation
between TRADb levels and the clinical course of TED
revealed different predictive values between TBII and TSI
levels, with most showing that disease activity and TED
severity are more closely correlated with the TSI bioassay
than the TBII assay.”” '®

Longitudinal studies assessing the association between
TRAD levels and the clinical course of TED are limited.
The inflammatory phase of TED reportedly correlates
with changes in measured TSI levels, indicating that serial
measurements of TSI level may be an adjunct in assessing
the clinical inflammatory activity of TED'; additionally,
follow-up measurements of TBII levels also reportedly
allow assessment of TED prognosis.'” However, the asso-
ciation and potential predictive value of TSI levels during
the clinical course of TED have not yet been demon-
strated in a prospective setting.

Herein, we investigated whether changes in serum
TRAD (TBII and TSI) levels over time are associated with
TED activity and severity during the disease course. The
findings revealed correlations between time-dependent
changes in TRAD levels in an individual patient and the
clinical course of the disease.

METHODS

Patients

This multicentre, prospective, observational study was
conducted by the Korean Society of Ophthalmic Plastic
and Reconstructive Surgery from April 2017 to February
2019. During the study period, 91 patients with Graves’
disease and TED were enrolled at the 15 participating
Korean tertiary care oculoplastic service centres.

Patients with clinically overt TED at <6 months after
symptom onset were recruited. Patients with a previous
history of TED treatment (except conservative treat-
ments, such as the use of artificial tears), uncertain cases
and patients aged<19 years were excluded. Clinical data
were recorded, and a blood sample was taken on study
inclusion and at 6 and 12 months after inclusion. After
enrolment, the study participants received the necessary
management for TED at the discretion of each clinician,
including conservative management, systemic steroid
administration and/or orbital radiotherapy. No surgical

procedure was performed on the enrolled patients during
the study period.

Disease activity and severity were assessed by an
oculoplastic specialist blinded to the laboratory data at
each participating institute. The general ophthalmic
assessment included an examination of anterior and
posterior eye segments, measurement of proptosis using
Hertel exophthalmometry and evaluation of ocular
movement.”’ The clinical activity score (CAS; range: 0-7)
was calculated based on the classic signs of inflammation
and comprised seven items.”' Disease severity was assessed
using the modified no signs or symptoms, only signs, soft
tissue involvement, proptosis, extraocular muscle involve-
ment, corneal involvement, sight loss (NOSPECS) score,12
which was calculated as the sum of each class present and
ranged from 1 to 18. For each patient, the more severely
affected eye (one with more proptosis at enrolment or
with a higher CAS in cases of similar extents of proptosis
in both eyes) was selected for the study.

TRAb assays

The blood sample collected at each visit was centrifuged
at each participating institution and transferred to a
central laboratory for analysis. TRAD levels were measured
using a third-generation TBII assay with the automated
Cobas electrochemiluminescence immunoassay system
(Elecsys; Roche Diagnostics GmbH, Penzberg, Germany)
according to the manufacturer’s instructions. The cut-
off value of positivity using this system was 1.75TU/L.
Serum Mc4-TSI level was measured using the Thyre-
tain TSI reporter bioassay (Diagnostic Hybrids, Athens,
Ohio, USA) according to the manufacturer’s instruc-
tions. Results were considered positive at a specimen-to-
reference ratio>140% relative to the reference control.

Data analysis and statistical analysis

Data were statistically analysed to determine correla-
tions between changes in clinical indicators of TED, as
reflected in the NOSPECS score, CAS and proptosis, and
change in measured serum TRAD levels over time in indi-
vidual patients.”” We assessed the effect of serum auto-
antibody levels on clinical TED activity and severity and
investigated alterations in serum autoantibody levels and
clinical parameters over time using a linear mixed model.
We used a linear mixed effects model with an unstruc-
tured covariance structure to analyse the data. Addition-
ally, we adopted two approaches for modelling repeatedly
measured outcomes. First, we analysed the data using a
linear mixed model with time-dependent covariates to
show the effect of baseline serum autoantibody levels
on clinical characteristics over time. Time-dependent
covariates are independent variables that include both
within-subject and between-subject variations and can
be used to make comparisons across populations and
describe time trends and dynamic relationships between
covariate and response.” Patient age, sex, smoking status
and treatment modality (conservative, systemic steroid
administration and systemic steroid administration with
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orbital radiotherapy) were included as covariates in the
model. Second, serum autoantibody levels were used as
a covariate, including the baseline level and all repeated
measurements.

One particularly salient strength offered by longitu-
dinal data is the ability to disaggregate between-person
and within-person effects in the regression of an outcome
on a time-~varying covariate.”* This allowed the separa-
tion of time-varying within-person changes from time-
invariant between-person (inter-person) differences in
TRAD levels based on the clinical characteristics of the
disease.” Moreover, this approach enabled evaluation of
correlations between autoantibody levels at initial presen-
tation and clinical characteristics at further follow-ups, as
well as correlations between time-dependent changes in
autoantibody levels and changes in clinical characteristics.
Analyses were performed using SAS software (V.9.4), and
a two-sided p<0.05 was considered statistically significant.

Patients with an initial CAS>4 were included in the
active subgroup and subjected to subgroup analysis,
which included time-dependent changes in the clinical
characteristics and laboratory results and time-dependent
correlation analysis.

Patient and public involvement
No patients were involved.

RESULTS

Clinical characteristics and TRAD levels

Of the 91 patients enrolled in this study, 76 completed
three clinical and laboratory evaluations. The clinical and
biochemical characteristics of the 76 patients with TED
are shown in table 1. During the 12-month follow-up
period, 24 patients (32%) were conservatively managed,

34 (45%) were prescribed systemic steroid administra-
tion (oral or intravenous) and 18 (24%) were managed
with combined orbital radiation and systemic steroid
administration. Using systemic steroids did not affect the
serum TSI or TBII levels of the patients (p=0.4225and
0.9634, respectively), and TSI and TBII levels decreased
significantly during the 12-month follow-up. Regarding
clinical characteristics, disease activity measured with
CAS decreased during the 12-month follow-up period,
although disease severity measured by NOSPECS score
and proptosis remained unchanged.

Correlation between baseline TRAD levels and clinical
characteristics

Table 2 shows the results of correlation analysis using
a linear mixed model with time-dependent covariates
between baseline serum TRADb levels and the clinical
characteristics of TED. Lower baseline serum TBII level
was associated with a future decrease in TED activity, and
reduced TED severity (NOSPECS score and proptosis)
was associated with lower baseline serum TSI and TBII
levels.

Correlation between time-dependent changes in clinical
characteristics and TRAD levels

Table 3 shows the effect of the time-dependent changes
in TRAD levels on the clinical characteristics of TED. The
effect of longitudinally measured TRAbD levels over time
was disaggregated to inter-person differences and within-
person changes using a linear mixed model with time-
dependent covariates. TSI levels measured at multiple
time points showed inter-person relationships with serial
changes in NOSPECS score, indicating that patients with
alow average serum TSI levels during the 1-year follow-up
showed a greater reduction in their NOSPECS score over

Table 1 Clinical and biochemical characteristics of the study population
Variables Baseline 6 months 12 months P value
Age, year 42.4+12.0
Sex

Female, n (%) 47 (61.84)

Male, n (%) 29 (38.16)
Smoking status

Non-smoker, n (%) 62 (81.58)

Smoker, n (%) 14 (18.42)
TSI, SRR (%) 446.9+185.6 346.9+181.2 302.4+£173.5 <0.0001*
TBII, IU/L 11.9+11.7 6.0+8.6 4.6+6.8 <0.0001*
CAS 2.7+1.5 1.4+1.3 1.3+1.5 <0.0001*
NOSPECS score 3.9+2.2 3.4+2.3 3.4+2.4 0.0050*
Proptosis, mm 17.7+3.1 18.0+3.1 17.9+3.2 0.1523*

*P values were calculated between three visits using a linear mixed model.

CAS, clinical activity score; NOSPECS, no signs or symptoms, only signs, soft tissue involvement, proptosis, extraocular muscle
involvement, corneal involvement, sight loss; SRR, specimen-to-reference ratio; TBII, thyroid-stimulating hormone receptor-binding inhibitory
immunoglobulin; TSI, thyroid-stimulating immunoglobulin.
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Table 2 Correlation between baseline serum TRAD levels and future changes in clinical characteristics

CAS NOSPECS

Estimated change (SE) P value

Estimated change (SE) P value

TSI 0.000 (0.001) 0.999
TBII 0.029 (0.010) 0.008

0.003 (0.001)
0.042 (0.019)

Proptosis
P
Estimated change (SE) value
0.016 0.004 (0.002) 0.055
0.029 0.062 (0.030) 0.041

P values were calculated using a linear mixed model with time-dependent covariates adjusted for age, sex, smoking status, and treatment

modality. Numbers in bold denote statistically significant changes.

CAS, clinical activity score; NOSPECS, no signs or symptoms, only signs, soft tissue involvement, proptosis, extraocular muscle involvement,
corneal involvement, sight loss; TBII, thyroid-stimulating hormone receptor-binding inhibitory immunoglobulin; TRAb, thyroid-stimulating

hormone receptor antibody; TSI, thyroid-stimulating immunoglobulin.

time. Additionally, TBII level showed an inter-person rela-
tionship with CAS and the NOSPECS score, indicating
that patients with higher TBII levels during the 1-year
follow-up demonstrated prolonged disease activity and

Table 3 Effect of inter-person differences and within-
person changes in TRAD levels on clinical characteristics:
longitudinal associations during a 1-year follow-up

Effect of TSI on clinical characteristics

Variables Estimated change (SE) P value*
CAS
Inter-person 0.0013 (0.0007) 0.0731
Within-person  0.0011 (0.0008) 0.1510
NOSPECS
Inter-person  0.0043 (0.0013) 0.0013
Within-person  0.0002 (0.0007) 0.7700
Proptosis
Inter-person 0.0032 (0.0022) 0.1410
Within-person  —0.0010 (0.0007) 0.1796

Effect of TBIl on clinical characteristics

Variables Estimated change (SE) P value*
CAS
Inter-person  0.0392 (0.0109) 0.0004
Within-person  0.0261 (0.0173) 0.1334
NOSPECS
Inter-person  0.0520 (0.0242) 0.0335
Within-person  0.0249 (0.0152) 0.1036
Proptosis
Inter-person  0.0775 (0.0379) 0.0428
Within-person  0.0017 (0.0167) 0.3095

*P values were calculated using a linear mixed model with time-

dependent covariates adjusted for age, sex, smoking status
and treatment modality. Numbers in bold denote statistically
significant changes.

CAS, clinical activity score; NOSPECS, no signs or symptoms,

only signs, soft tissue involvement, proptosis, extraocular
muscle involvement, corneal involvement, sight loss; TBII,
thyroid-stimulating hormone receptor-binding inhibitory

immunoglobulin; TRAb, thyroid-stimulating hormone receptor
antibody; TSI, thyroid-stimulating immunoglobulin.

severity. Within-person changes in TSI and TBII levels did
not show a statistically significant correlation with disease
activity and severity.

Correlation between time-dependent changes in clinical
characteristics and TRAb levels: subgroup analysis
Twenty-five patients with an initial CAS>4 were included
in the subgroup analysis, with this group defined as
the active subgroup and other patients included in the
inactive subgroup. Subgroup analysis was performed to
evaluate the time-dependent correlations between clin-
ical characteristics of TED and TRAbD levels in the active
subgroup. Table 4 shows that clinical and biochemical
characteristics of the active subgroup. This subgroup had
more females and smokers than the inactive subgroup
(both p values<0.0001). During 12 months of follow-up,
10 patients (40%) were prescribed systemic steroid
administration (oral or intravenous) and 15 (60%)
were managed with combined orbital radiation and
systemic steroid administration. Using systemic steroids
did not affect the serum TSI and TBII levels of patients
(p=0.9008and 0.4957, respectively). Additionally, base-
line the TBII level was higher in the active than in the
inactive subgroups (9.5£9.5IU/L vs 17.0+14.2TU/L,
p=0.0125), whereas the baseline TSI level of the active
subgroup was similar to that of the inactive subgroup
(443.9%+210.5% vs 453.2%+123.6%, p=0.8096). More-
over, the active subgroup had a higher CAS (4.4+0.6 vs
1.9+1.0, p<0.0001), higher NOSPECS score (5.6+2.3 vs
3.1+1.6, p<0.0001) and more proptosis (19.2+3.5mm vs
16.9+£2.6 mm, p=0.0020) than the inactive group. Correla-
tion analysis between baseline TRAb levels and clinical
characteristics in the active subgroup showed that lower
baseline TBII levels correlated with a decrease in CAS and
NOSPECS score during the l-year follow-up (estimated
change (CAS and NOSPECS): 0.0523 (p=0.0078) and
0.0566 (p=0.0394), respectively). Furthermore, baseline
TSI level did not show a statistically significant correlation
with clinical characteristics in the active subgroup.

Table 5 shows the effect of the time-dependent changes
in TRADb levels on the clinical characteristics of TED in the
active subgroup. The effect of longitudinally measured
TRAD level over time was disaggregated to inter-person
differences and within-person changes using a linear
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Table 4 Clinical and biochemical characteristics: subgroup analysis of patients with active TED at baseline (n=25)

Variables Baseline 6 months 12 months P value
Age, years 43.6+11.84
Sex

Female, n (%) 10 (40.0)

Male, n (%) 15 (60.0)
Smoking status

Non-smoker, n (%) 17 (68.0)

Smoker, n (%) 8 (32.0)
TSI, SRR (%) 453.2+123.6 342.5+139.7 297.9+137.0 <0.0001*
TBII, IU/L 17.0+14.2 9.4+11.6 7.6+10.4 <0.0001*
CAS 4.4+0.6 1.7£1.3 1.7£1.7 <0.0001*
NOSPECS score 5.6+2.3 5.0+2.3 4.9+2.4 0.0877*
Proptosis, mm 19.2+3.5 19.7+£3.4 19.6+3.9 0.3414*

*P values were calculated between three visits using a linear mixed model.
CAS, clinical activity score; NOSPECS, no signs or symptoms, only signs, soft tissue involvement, proptosis, extraocular muscle involvement,
corneal involvement, sight loss; SRR, specimen-to-reference ratio; TBII, thyroid-stimulating hormone-binding inhibitory immunoglobulin; TED,

thyroid eye disease; TSI, thyroid-stimulating immunoglobulin.

mixed model with time-dependent covariates. Within-
person changes in TSI level measured at multiple time
points affected the CAS and NOSPECS score, whereas
inter-person differences in TSI level were unrelated to
clinical characteristics. Thus, patients who showed greater
reductions in TSI level during follow-up also showed
greater reductions in their CAS and NOSPECS score
during the l-year follow-up. By contrast, inter-person
differences in TBII level correlated with the CAS and
NOSPECS score, whereas within-person changes in TBII
level were independent of disease severity and activity.

DISCUSSION

This prospective, observational study involving a large
cohort of patients with TED demonstrated the clinical
relevance of longitudinal follow-up of both TSI and
TBII levels. Both TSI and TBII levels decreased sustain-
ably during the I-year follow-up, whereas disease activity
measured using CAS decreased mainly within the first 6
months and stabilised thereafter. Notably, disease severity
measured using NOSPECS score and proptosis remained
unchanged. Additionally, multivariate analysis using
a linear mixed model with time-dependent covariates
revealed that lower TBII level at presentation correlated
with future decreases in disease activity and severity,
whereas lower TSI level at presentation correlated with
a decrease in disease severity but not activity. Although
time-dependent changes in TSI and TBII levels did not
show significant within-person correlations with clin-
ical characteristics, subgroup analysis of patients with a
CAS>4 at baseline showed that within-person changes in
TSI level affected the CAS and NOSPECS score. These
findings indicated that patients who demonstrated
greater decreases in serum TSI levels over time showed

greater reductions in disease severity and activity during
the 1l-year follow-up.

Multiple cross-sectional studies have demonstrated
a relationship between serum TRADb level and TED.
Regarding the relationship between TED development
and TRAD level, antibody levels showed a positive correla-
tion with TED prevalence according to studies of patients
with newly diagnosed, untreated Graves’ disease.® *
Another study using a patient cohort divided according to
TSI quartiles showed that TED prevalence increased with
each quartile of TSI levels.” Additionally, a previous report
indicated that patients with both Graves’ disease and TED
showed higher TSI levels relative to those without TED,
and that TED patients with extraocular muscle enlarge-
ment also showed higher TSI levels than patients without
myopathy, as well as a positive relationship between TRAb
levels and the clinical characteristics of TED.® Moreover,
both TSI and TBII levels are reportedly associated with
disease activity and proptosis,” whereas only TSI level
correlated significantly with the degree of eyelid swelling,
proptosis and extraocular muscle enlargement.” In a study
involving patients with newly diagnosed and untreated
TED, TSI levels were significantly higher in patients with
active and severe TED than in those with mild TED and
inactive disease, with TSI bioassays showed significantly
higher overall positivity among patients with active TED
relative to results generated using the TBII assay.7

Longitudinal studies on TRAD levels and the clinical
characteristics of TED are limited. A retrospective study
showed that patients with higher baseline TRAb (TSI
and TBII) levels demonstrated a higher risk of severe
disease course after lyearg; however, that study did not
investigate the relationship between changes in antibody
level and clinical characteristics over time, as laboratory
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Table 5 Effects of inter-person differences and within-
person changes in TRAD levels on clinical characteristics:
subgroup analysis of patients with active TED at baseline

(n=25)
Effect of TSI on clinical characteristics

Variables Estimated change (SE) P value*
CAS

Inter-person —0.0002 (0.0020) 0.9347

Within-person 0.0046 (0.0016) 0.0064
NOSPECS

Inter-person 0.0014 (0.0031) 0.6559

Within-person 0.0034 (0.0016) 0.0385
Proptosis

Inter-person 0.0016 (0.0070) 0.8178

Within-person  0.0014 (0.0018) 0.4464

Effect of TBIl on clinical characteristics

Variables Estimated change (SE) P value*
CAS
Inter-person 0.0470 (0.0146) 0.0023
Within-person  0.0243 (0.0284) 0.3959
NOSPECS
Inter-person 0.0517 (0.0245) 0.0402
Within-person  0.0397 (0.0261) 0.1354
Proptosis
Inter-person 0.1067 (0.0566) 0.0657
Within-person  —0.0046 (0.0290) 0.8742

*P values were calculated using a linear mixed model with time-
dependent covariates adjusted for age, sex, smoking status
and treatment modality. Numbers in bold denote statistically
significant changes.

CAS, clinical activity score; NOSPECS, no signs or symptoms,
only signs, soft tissue involvement, proptosis, extraocular
muscle involvement, corneal involvement, sight loss; TBII,
thyroid-stimulating hormone receptor-binding inhibitory
immunoglobulin; TED, thyroid eye disease; TRAb, thyroid-
stimulating hormone receptor antibody; TSI, thyroid-stimulating
immunoglobulin.

analysis was performed only once at the initial presenta-
tion. Another retrospective chart analysis of 23 patients
revealed that changes in the inflammatory phase of TED
statistically correlated with changes in measured TSI
level, indicating that serial TSI measurements may be
adjunct in assessing the clinical inflammatory activity of
TED." Similar findings were reported in a prospective
study by Eckstein et al'® who demonstrated an associa-
tion between TBII level and the clinical characteristics
of TED, with TBII levels higher in patients with a severe
course of TED (CAS>4, NOSPECS score>b) relative to
those with a mild course (CAS<4, NOSPECS score<5).'?
In this study, patients underwent measurements of TBII
levels at multiple time points during follow-up. The
results revealed that certain cut-off TBII values could be
defined as good or bad prognostic markers at each time

3

point of development after the first 4 months of disease
onset, demonstrating the prognostic value of measuring
TBII levels at various time points. Similarly, Eckstein et
al”® also reported a decrease in TBII level over time but
demonstrated no correlation between the extent of this
reduction and clinical characteristics.

In terms of the natural course of Graves’ disease, the
disease may fluctuate in activity, and occasionally patients
can spontaneously become euthyroid over time.® %’
Treatment of the disease affects disease activity. Patients
treated with surgery (thyroidectomy) or medication
show a gradual decrease in serum TRAb level, and after
lyear, 50% to 60% of patients enter remission of TSH
receptor autoimmunity accompanied by the disappear-
ance of TRAb from serum.” ** * Similarly, untreated
TED improves spontaneously over time in most patients
(described as ‘Rundle’s curve’).” 3! Moreover, studies
report that TRAb levels associated with TED also
decrease over time.'? % However, most of these studies
were performed before the introduction of the bioassay;
therefore, little is known about alterations in TSI levels
over time. Furthermore, studies analysing the correla-
tion between changes in serum TRAD levels and clinical
course over time are limited.

In this study, we assessed correlations between the TED
status and decreases in TRAb levels over time. Correla-
tions between these outcomes were disaggregated to
within-person and inter-person effects using a linear
mixed model with time-dependent covariates, as the
measured outcomes over time within each patient are not
independent of one another.

Inter-person effects imply that lower average TRAb
levels during the disease course correlate a greater
reduction in dependent variables (CAS, NOSPECS
score and proptosis) over time. Within-person effects
suggest that dependent variables (CAS, NOSPECS score
and proptosis) tend to decrease over time along with
decreases in TRAD levels in individual patients during
the disease course. The present analysis revealed that an
inter-person difference in TRAD level correlated signifi-
cantly with disease severity and activity, indicating that
patients with low TSI and TBII levels showed a reduction
in disease severity and activity during the l-year follow-up.
These results are meaningful, because the mean disease
severity (measured using NOSPECS score and proptosis)
did not show statistically significant reductions. The find-
ings suggest that low baseline TRAb (both TSI and TBII)
levels might be predictive of future decreases in disease
severity in these patients.

Within-person analysis indicated that within-person
changes in TRAD level in each individual correlated with
changes in the disease course over time. No statistically
significantresults were obtained in this analysis, suggesting
that although patients with low TRAD levels showed better
prognosis, the decrease in serum TRAD level in one indi-
vidual patient over time did not affect the clinical course.
However, subgroup analysis of patients with a CAS>4 at
presentation demonstrated that within-person changes in
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serum TSI level correlated significantly with the CAS and
NOSPECS score, whereas baseline TSI level showed no
statistically significant correlation with clinical character-
istics (CAS and NOSPECS score) in the active subgroup.
Thus, we inferred that if TSI levels decreased appropri-
ately over time in patients with active disease at presenta-
tion, disease activity and severity will also likely decrease,
leading to a better prognosis. These findings suggest that
reductions in TSI levels over time have a better prognostic
value for evaluating improvements in disease status than a
lower baseline TSI level.

This study has limitations. Given the observational
nature of the study and the lack of standardisation of the
baseline clinical characteristics and treatment modalities
during follow-up, differences in management may have
affected the clinical characteristics over time. Therefore,
variables that could affect the disease course of TED,
such as age, sex, treatment modality and smoking, were
included as covariates in the linear mixed model, and
the adjusted results were presented. Another limitation is
that the inclusion criteria were relatively broad, and the
subtyping of TED (lipogenic or myogenic subtype orbi-
topathy) could not be differentiated owing to the lack of
imaging data. Furthermore, factors that can affect TRAb
levels, such as treatment modalities of Graves’ disease
and thyroid hormone levels of patients, were not consid-
ered in this analysis. Therefore, further interventional
prospective studies with standardised management strat-
egies and comprehensive evaluation of Graves’ disease
status are warranted.

Indicators for evaluating the activity and severity of
thyroid ophthalmopathy have always been controver-
sial.”*?* CAS and the modified NOSPECS score have been
challenged as reliable measures of disease status, as they
sum the clinical features of the disease with equal weight.™
For example, some features may worsen, whereas others
may improve as the disease progresses. Consequently, a
summative score, such as the modified NOSPECS score,
might mask the effect of the severity of any one measure
of the disease and its change over time. However, these
scores have been regarded as reliable measures of disease
activity and severity in the clinical setting and widely
used as traditional indicators in evaluating TED activity
and severity.” " To avoid the limitations associated with
the summative scoring system, we separately evaluated
proptosis to measure disease severity.

In conclusion, we demonstrated correlated trends asso-
ciated with reductions in TSI and TBII levels and changes
in clinical characteristics of TED over time. Further-
more, in patients with active TED (a CAS>4 at presenta-
tion), time-dependent within-person changes in serum
TSI level correlated with disease severity and activity,
indicating that active TED patients with smaller reduc-
tions in TSI levels over time would likely show prolonged
disease activity and more severe disease. These findings
offer clinicians insight to inform considerations of more
aggressive or prolonged immunosuppressive therapy for
TED.
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