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Determinants of clinical
outcome in patients with
moderate/severe Graves'’
orbitopathy undergoing
treatment with parenteral
glucocorticoids: a
retrospective study

Rosario Le Moli ®***', Adriano Naselli*, Gabriele Costanzo?,
Tommaso Piticchio™?, Dario Tumino®, Gabriella Pellegriti®,
Francesco Frasca® and Antonino Belfiore®

Endocrinology Unit, Department of Clinical and Experimental Medicine, Garibaldi Nesima Hospital,
University of Catania, Catania, Italy, 2Department of Medicine and Surgery, University of Enna "Kore”",
Enna, Italy

Background: Graves' orbitopathy (GO) occurs in approximately 25-40% of
patients with Graves' disease (GD). High levels of anti-thyrotropin receptor
antibodies (TRAbs), smoking habit, sex, older age, longer duration and amount
of hyperthyroidism or hypothyroidism are well-recognized risk factors for the
occurrence, severity and clinical course of GO. Oxidative stress (OX) has recently
been shown to play a role in the pathogenesis of GO, and several clinical
conditions related to OX have been investigated regarding the presentation
and severity of GO.

Aim: We aimed to evaluate the impact of clinical conditions related to oxidative
stress on the outcome of intravenous glucocorticoid (ivGCs) therapy in a cohort
of patients with active moderate to severe GO (AMS-GOs) treated at a
single institution.

Methods: We retrospectively studied a series of patients with AMS-GOs who
were treated with ivGCs from January 2013 to May 2022. GO clinical evaluation
was performed at baseline and at 6 (W6), 12 (W12) and 24 (W24) weeks after
starting ivGCs by the seven-point clinical activity score (CAS) alone and by overall
clinical criteria (Cl) according to the European Group of Graves' Ophthalmopathy
(EUGOGO). Total cholesterol and calculated LDL cholesterol (LDLc), triglyceride,
body mass index (BMI), diabetes status, history of hypertension (HoH), smoking
status, age and sex were used as covariates for the clinical outcome of GO
to ivGCs.
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Results and conclusions: LDLc and HoH negatively and independently
modulated the response of AMS-GOs to ivGCs. Notably, slightly elevated LDLc
levels (> 130 mg/dl) reduced the response of orbital soft tissue to ivGCs, whereas
more elevated LDLc levels (from 175 mg/dl to 190 mg/dl) and HoH were
associated with poorer clinical response of eye motility and proptosis.

KEYWORDS

parenteral glucocorticoids, oxidative stress, Graves' orbitopathy phenotype, LDL -
cholesterol, hypertension

Introduction

Graves' orbitopathy (GO) is an extrathyroidal manifestation of
Graves' disease (GD) (1). GO occurs in approximately 25-40% of
patients with GD, before, during, or after GD presentation, and
presents with varying degrees of activity and severity (2). Smoking
habit, sex, older age, high TRAbs level, and longer duration of
hyperthyroidism or hypothyroidism are well-recognized risk factors
for the occurrence and severity of GO (3). OX has recently been
shown to play a role in the pathogenesis of GO, and several clinical
conditions related to OX have been investigated regarding the
presentation and severity of GO. Metabolic disorders are among
the OX-related conditions (4-6). Indeed, type I diabetes mellitus
(T1DM) is more common in patients with GO than in individuals
in the normal population, and dysthyroid optic neuropathy (DON)
is more common in patients with GO and T1DM and has a worse
prognosis than in nondiabetic patients (5, 7). In GD patients with
type II diabetes (T2DM), GO precedes the onset of hyperthyroidism
more frequently than it does in control patients. GO severity was
also significantly associated with T2DM lasting longer than five
years (odds ratio = 4.9; p = 0.045) and with the presence of
microvascular and macrovascular complications (odds ratio = 4.8;
p = 0.048). GO severity is also associated with patient overweight
(BMI > 26) (5). A recent cross-sectional study indicated that high
levels of total cholesterol and LDLc are associated with GO
presentation and activity (8). Accordingly, Stein et al. reported
that statin therapy may reduce the incidence of GO in patients with
GD (8, 9). Indeed, hypercholesterolemia can cause chronic
inflammation per se or through oxidized LDLc (oxLDLc), while
statins have a protective role owing to their anti-inflammatory and
hypolipemic actions. Very elevated LDLc levels reduce the clinical
response rate of GO to intravenous glucocorticoids (ivGCs) (6).
Moreover, a recent phase II, randomized, open-label clinical
trial revealed that atorvastatin improves the response of
hypercholesterolaemic patients to GO in combination with ivGCs,
regardless of blood cholesterol levels (10). No other data are
currently available regarding the role of clinical conditions related
to OX in the response to ivGCs in patients with moderate to severe
active GO (AMS-GOs).
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In this retrospective study, we evaluated the impact of clinical
conditions related to OX on the outcome of ivGCs therapy in a
cohort of patients with AMS-GOs treated at a single institution.

Patients and methods
Patients

GO clinical evaluation was performed at baseline and at 6 (W6),
12 (W12) and 24 (W24) weeks after starting ivGCs.

Inclusion criteria were: patients with GD and untreated active
AMS-GO, stable thyroid function for almost one month. Exclusions
criteria were: any previous treatment of the GO, 131 Iodine or
thyroidectomy, CAS < 3, instable thyroid function or non-
adherence to taking anti thyroid drugs, pregnancy, any other
clinical condition where the use of ivGCs was not indicated.

Fifteen patients were excluded because had received 131 Iodine,
27 patients that underwent to thyroidectomy and 34 patients that
received glucocorticoids or retrobulbar radiotherapy for GO before
ivGCs were not included in the study. 160 patients with GD who
were treated with ivGCs because AMS-GO at our institution from
January 2013 to May 2022 were initially included in our database,
21 patients were excluded because analytical and/or demographic
data were not complete. Therefore, a total of 139 patients with GD
and AMS-GO diagnosed according to EUGOGO criteria were
included in the study (11).

The same ophthalmologist performed the ophthalmologic
assessment which consisted of recording palpebral aperture
(in mm) in primary position, soft tissue involvement (according
to EUGOGO atlas) (11), exophthalmos (in mm by Hertel
exophthalmometer), involvement of extra ocular muscles
(ductions measured in degrees; we graded ocular motility
involvement as mild (grade A involvement: plus or minus 8
degree in duction), moderate (grade B involvement: plus or
minus 16 degree in duction), severe (grade C involvement:
improvement or deterioration of ocular motility more than 16
degree in duction); Bahn and Gorman diplopia score and visual
acuity (in decimals using Snellen chart). Also, the 7-point Clinical
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Activity Score (CAS) was evaluated (12). GO was considered active
when CAS was > 3. Improvement (I) was defined as the change in
two of the following outcome measures in at least one eye without
deterioration in any of the same measures in both eyes: 1)
improvement of the CAS by at least 2 points, 2) improvement of
soft tissue involvement according to EUGOGO atlas, 3)
improvement of proptosis of at least 2 mm, 4) improvement of
the lid aperture of at least 3 mm and 5), improvement of diplopia,
disappearance/change degree according to Gorman Score or
amelioration of one grade of ocular motility. Not improvement
(NI) was defined when above points worsened to the degree as
described for improvement (e.g. deterioration of CAS by at least 2
points, etc.), or when DON occurred.

The following OX-related clinical conditions were selected as
covariates with respect to the outcome evaluated by CI: total
cholesterol and calculated LDLc, triglyceride, body mass index
(BMI), diabetes, history of hypertension (HoH), smoking status,
age, and sex.

Pulse therapy

Corticosteroid treatment for GO consisted of ivGCs
(Solumedrol; Pfizer, Karlsruhe, Germany) injections with a
median cumulative dose of 49 mg/kg subdivided into 12 weekly
infusions. Patients were asked to visit our endocrinology day
hospital on the appointed day; an indwelling venous catheter was
inserted into the antecubital vein between 8.30 and 9.30, and
Solumedrol diluted in 250 ml of a 0.9% sodium chloride solution
was administered at an infusion rate of 120 ml/h in the
postabsorption state and in the lying position. Blood pressure;
blood glucose; cholesterol, HDL, triglycerides, TSH, FT3, FT4,
TRADb, GOT, GPT, GGT, bilirubine, creatinine, azotemia and
blood count were evaluated before to and every 3 weeks after the
starting of ivGCs infusion.

Analytical methods

Serum hormones were measured by a microparticle enzyme
immunoassay (Abbot AxXSYM-MEIA) with interassay coefficients of
variation of less than 10% over the analytical 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 the FT3, FT4,
and TSH assays showed coefficients of variation <5%. TRAbs were
measured by a III generation assay [SELco TRAbs Human,
Dahlewitz/Berlino (Germany)]. Glycaemia, total cholesterol, high-
density lipoprotein (HDL) cholesterol and triglyceride levels were
evaluated by standard methods. We calculated LDLc values by the
formula of Martin/Hopkins, which is reliable for a wide range of
triglyceride values (13). The thyroid gland was evaluated by
ultrasound, and the volume of each lobe was calculated with the
following formula for ellipsoid volumes: Volume =
length*width*depth*(p/6). The calculated thyroid volume was the
sum of the volumes of the two lobes (14).

Frontiers in Endocrinology

10.3389/fendo.2024.1401155

Statistical analysis

Sample size computation was performed using G*Power 3.1.9.7.
We estimated that to obtain a p value < 0.05 with a statistical power
of 0.8 a total of 54 patients would have needed with a low
association with other covariates (R2 = 0.04), while 69 would
have needed with a moderate association (R2 = 0.25). All the
statistical analyses were performed with the SPSS package (IBM
SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM
Corp.). For descriptive analysis, continuous variables are
expressed as medians (25th-75th percentiles); categorical variables
are expressed as numbers and percentages.

The shapes of the distributions of each variable were evaluated
by visual inspection of the population pyramid charts. Univariate
analysis was performed by the Mann-Whitney U test or chi-square
test where appropriate. After that, we performed multiple univariate
regression analyses including the following covariates as OX
conditions: total cholesterol and calculated LDLc, body mass
index (BMI), fasting glycaemic values, history of hypertension
(HOH), smoking, age and sex setting I or NI at W6, W12 and
W24 as outcome variables. Early response (at W6) to ivGCs was
also evaluated with respect to clinical outcome at the different
time points. We then constructed a multivariate logistic regression
model using the putative predictors selected by univariate analysis.
Logistic regression analysis was carried out on the W6CI, W12CI
and W24CI outcomes. Covariates were selected according to the
results of the univariate analysis. The existence of a linear
relationship between the logit of the outcomes of different
variables and continuous predictive variables was verified by the
Box-Tidwell procedure. A Bonferroni correction was applied by
using all the terms in the model to evaluate the statistical
significance of the differences. Multicollinearity was ruled out
after evaluating the tolerance and variance inflation factor (VIF).
The presence of outliers was verified by analyzing standardized
residues and by reporting standard deviation values of >1.96
or <-1.96. All the patients in which the standardized residue
concentration exceeded the aforementioned standard deviation
thresholds were re-examined. The choice of inclusion or
exclusion of these patients from the analysis was performed after
evaluating whether these patients exerted an inadequate influence
on the model by using the following statistics: Cook's distance,
DFBeta and Leverage statistics. The adequacy of the models was
tested through the method of maximum likelihood. The Wald test
was applied to verify whether the coefficients differed from 0.
Associations between each predictive variable and the outcome
were quantified through odds ratios (ORs). The Nagelkerke pseudo-
R2 value was used to evaluate the goodness of fit in logistic
regression analysis by the variance proportion of the dependent
variable determined by each single model (15-18). We finally
provided a factorization of the CI (Factor a: soft tissue
involvement, Factor b: Hertel measurements, Factor c: presence of
diplopia, Factor d: eyelid aperture and Factor e: CAS) with the aim
of comparing each single clinical parameter to selected variables
based on the results of the univariate analysis. The chi-square test
and Fisher's exact test were also used for this process. The
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continuous variables included in this multiparametric analysis were
switched to categorical variables to establish cut-offs for each CI
parameter through visual inspection of the graphs. The specific cut-
offs were chosen with reference to the Adult Treatment Panel III
standard levels for LDLc (19).

Moreover, only the patients who were starting from a condition
of "potential for improvement" at the beginning of pulse therapy
were included for each parameter. Therefore, patients whose
physiological condition started for each individual parameter
were excluded from the analysis. In this way, patients were not
erroneously classified as "not improved".

Results

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

TABLE 1 Baseline characteristics of the 139 patients of the study.

Age (years) 46 (34-56)
Sex (F/M) 40/99
ivGCs (mg/kg) 49 (36-65)
BMI (Kg/m?) 25 (16-31)
TSH (mU/L) 0.1 (0-1.4)
FT3 (pg/ml) 3 (2.6-3.7)
FT4 (ng/dl) 1(0.9-1.3)
TRAb (U/L) 5.3 (2.3-18)
CAS 3(3-4)
Diplopia (n,%) 28 (20.1)
Thyroid function (S. Hyper./Hyper./Eu.) (n.) 85/9/45
GD duration (months) 14 + 10
GO duration (months) 10+7
Therapy (n.) ATD/ATD+L-T4/L-T4/none 59/47/25/8
Glycaemia (mg/dl) 84 (87-103)

Cholesterol (mg/dl) 200 (176-237)
LDLc (mg/dl) 123 (101-159)
Triglyceride (mg/dl) 83 (64-138)
HDLc (mg/dl) 55 (47-62)
Statins (%) 8.6
Diabetes (%) 7.9
HoH (%) 245
Smoke habit (%) 49.6

ivGCs, intravenous glucocorticoids; BMI, body mass index; FT4, free tetraiodothyronine; FT3,
free triiodothyronine; TSH, thyroid stimulating hormone; TRAbs, thyrotropin receptor
binding immunoglobulins; S. Hyper., sub clinical hyperthyroidism; Eu., euthyroidism;
HDLc, hight density lipoprotein cholesterol; LDLc, low density lipoprotein cholesterol;
CAS, clinical activity score; HoH, hypertension history.
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Evaluation of outcomes at weeks 6, 12 and
24 according to the CAS

One hundred thirty-nine patients with AMS-GOs, 40 males and
99 females with a median age of 47 (range 36-55) years that received
a median cumulative ivGCs dose of 49 (range 36-65) milligrams/kg
body weight were included in the study (Table 1).

According to the CAS, 77.9% and 75.5% of all patients were
classified as "improved" (I) at week 6 (W6) and W12, respectively. A
total of 86 patients completed the follow-up at W24, and 67.4% of
them were classified as 1.

Evaluation of outcomes at W6, W12 and
W24 according to Cl

According to the CI, 45.9% of patients were classified as I at W6,
and 43.2% were classified as I at W12. Among the 86 patients who
completed the follow-up at W24, 38.4% were classified as I
(Table 2). According to the univariate analysis, LDLc was
significantly elevated in the patients classified as monimproved'
(NI) compared with the I group (p= 0.003 at W6, p = 0.03 at W12
and p = 0.07 at W24; Mann-Whitney U test). Similarly, HoH and
age were negatively associated with GO improvement (for HoH:
p=0.07, p=0.01 and p=0.02 at W6, W12 and W24, respectively; chi-
square test; for age: p=0.02, P=0.008 at W12 and W24, respectively;
Mann-Whitney U test). Fasting glycaemia, smoking status, sex and
BMI were not associated with GO improvement (Tables 3, 4).

Next, we performed multiple univariate regression analyses.
Patients with GO that improved at W6 were 8 and 7 times more
likely to be classified as T at W12 and at W24, respectively (OR 8.1,
95% CI 2.8-23.0, p<0.001 and OR 7.0, 95% CI 2.5-19.7, p <0.001), I
vs. NI). Furthermore, total cholesterol and LDLc were significantly
associated with no improvement (p=0.03 at W6 and P=0.04 at W12
for total cholesterol; p=0.003 at W6; p=0.01 at W12; and p=0.04 at
W24 for LDLc). HoH and age were associated with
nonimprovement at W12 (p= 0.003 and p= 0.02, respectively)
and W24 (p= 0.03 and p= 0.01) (Table 5).

We then constructed a multivariate model aimed at predicting
clinical GO outcomes at W6 and W12. This model was significant,
%*(3)=15.094, p=0.002. Among the covariates, LDLc was a predictor
of GO clinical response at W6 (p=0.006), again LDLc and HoH
were found to be significant independent predictors of the clinical

TABLE 2 Short, medium and long term clinical outcome to ivGCs
according to CAS and CI.

W12 W24
CAS CI CAs (i

77.9 ‘ 459 75.5 432 67.4 384

Outcome W6

CAS CI

1 (%)

NI (%) 22.1

54.1 24.5 56.8 32.6 61.6

W6, week six; W12, week twelve; W24, week twenty-four; CI, overall clinical criteria according
to EUGOGQO; I, improve; NI, non improved.
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TABLE 3 Univariate analysis: Man Withney - U test.

10.3389/fendo.2024.1401155

Outcome W6 P W12 P W24 P
Age I 46 (33-55) 0.4 44 (34-51) 0.02 38 (31-50) 0.008
Y) NI 49 (36-56) 52 (39-56) 50 (37-53)
ivGCs I 48 (37-59) 0.8 49 (38-63) 0.6 50 (38-65) 0.9
(mg/kg) NI 45 (36-65) 45 (35-67) 49 (36-68)
BMI I 25 (23-29) 0.4 24 (22-29) 0.9 26 (23-31) 0.2
w/(heigth)? NI 26 (23-31) 26 (21-31) 25 (21-28)
FT4 I 1(0.9-1.2) 0.8 1(0.9-1.2) 0.6 1(0.9-1.3) 0.3
(ng/dl) NI 1(0.8-1.1) 1(0.9-1.3) 1(0.9-1.2)
FT3 I 3 (2.6-3.5) 0.2 3 (2.5-3.4) 0.1 3 (2.6-3.6) 0.9
(pg/ml) NI 3(2.6-3.7) 3(2.7-3.7) 3(2.6-3.7)
TSH I 02 (0-1.1) 0.8 02 (0-1.1) 0.5 0.2 (0-1.3) 0.9
(mU/1) NI 0.1 (0-1.4) 0.1 (0-1.4) 0.1 (0-2.1)
TRAbs I 3(1.3-6.2) 0.1 3(1.4-8.4) 0.1 3.6 (2.6-11.8) 0.7
auny NI 6 (2.1-17) 6 (3.4-18) 52 (1.9-21.4)
Glyc. I 94 (87-103) 0.7 95 (86-104) 05 95 (89-104) 0.3
(mg/dl) NI 94 (87-101) 94 (87-101) 94 (87-101)
Chol. I 190 (166-214) 0.04 192 (165-216) 0.05 190 (169-212) 0.2
(mg/dl) NI 202 (181-229) 202 (180-237) 196(178-235)
HDLc I 56 (49-66) 0.1 53 (48-62) 0.8 52 (45-62) 0.4
(mg/dl) NI 53 (47-60) 55 (47-60) 55 (49-62)
Triglyc. I 76 (57-111) 0.03 80 (60-127) 0.3 78 (60-126) 0.3
(mg/d) NI 89 (68-138) 86 (66-131) 86 (69-131)
LDLc I 109 (91-130) 0.003 119 (94-134) 0.03 115 (96-130) 0.07
(mg/dl) NI 126 (107-152) 126 (107-159) 125 (105-159)

response of GO to ivGCs at W12 (p=0.05 and p=0.04, respectively).
Specifically, for each unit increase in LDLc, the odds of being
classified as 'improved' at W12 decreased by a factor of 1.01 (odds
ratio (OR) 0.989, 95% CI 0.979-1). When keeping all the other
independent variables constant, patients with a HoH were 2.9 times
less likely to be classified as 'improved' at W12 than patients without
a HoH (OR 0.344, 95% CI 0.124-0.951).

A further multivariate model aimed at predicting W24 outcome
was found to be significant ()*(2)=9.458, p=0.009). LDLc and HoH
were found to be almost related with the clinical outcome to ivGCs
(p=0.09 and p=0.052, respectively) (Tables 6A-C).

TABLE 4 Univariate analysis: Chi square Test.

Evaluation of GO clinical outcomes with a
focus on specific components of the
composite index (Cl)

We finally evaluated the outcome of specific components of CI
(Factor a: soft tissue involvement, Factor b: Hertel measurements,
Factor c: presence of diplopia or ocular motility impairment, Factor
d: eyelid aperture and Factor e: CAS) in relation to the OX-related
variables studied. This analysis was not extended to W24 due to the
small sample size for each component of the CI. As previously
mentioned, patients were included into each analysis only if they

Outcome wé P w12 P w24 P

Sex (F/M)% I 41/44 0.7 43/40 0.8 57/32 0.07
NI 59/56 57/60 43/68

Statins (Y/N)% I 60/40 0.3 60/39 0.1 40/38 0.9
NI 40/60 40/61 60/62

HoH (Y/N)% I 21/46 0.07 13/47 0.01 12/44 0.02
NI 79154 87/53 88/56

Diabetes (Y/N)% I 75/40 0.1 60/40 0.3 20/39 0.6
NI 25/60 40/60 80/61

Smoke (Y/N)% I 49/34 0.1 44/36 0.3 42/34 0.5
NI 51/66 56/64 58/66
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TABLE 5 Multiple univariate regression analyses.

(P)

W6

outcome

(P)
W12

outcome

(P)
w24
outcome

W6 outcome —_ <0.001 <0.001
Total 0.03 0.04 0.12
Cholesterol
LDLc 0.003 0.01 0.04
BMI 0.4 0.9 0.3
Fasting 0.4 0.3 0.3
Glycemia
HoH 0.1 0.003 0.03
Smoking 0.9 0.9 0.4
Age 0.5 0.02 0.01
Sex 0.9 0.7 0.06

TABLE 6A Multivariate regression analysis: outcome at W6.

B Wald P OR (95% CI)
LDLc -0.017 7.584 0.006 0.98 (0.97-0.99)
HoH -0.381 0.67 0413 0.68 (0.27-1.7)
Costant 2.045 6.93 0.008 7.73

TABLE 6B Multivariate regression analysis: outcome at W12.

OR (95% Cl)

LDLc -0.011 3.825 0.05 0.99 (0.98-1)

HoH -1.068 4.228 0.04 0.34 (0.12-0.95)

Age -0.013 0.74 0.39 0.99 (0.96-1.01)
Costant 1.896 4.165 0.041 6.66

TABLE 6C Multivariate regression analysis: outcome at W24.

B Wald P OR (95% CI)

LDLc -0.013 2.881 0.09 0.99 (0.97-1.01)

HoH -1563 3773 0.052 0.21 (0.04-1.01)
Costant 1352 2 0.157 3.87

started from a condition of "potential for improvement" (factor a:
soft tissue involvement of almost grade A in at least one eye; factor
b: Hertel > 20 mm in at least one eye; factor c: diplopia or eyes
motility involvement of almost one grade in at least one eye; factor
d: eyelid aperture > 13 mm in at least one eye; factor e: non
exclusion criteria were applied because all patients had a baseline
CAS = 3). Post hoc analysis revealed that hypertension was
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negatively correlated with the parameters "increase in ocular
motility of one grade or improvement in diplopia according to
the Bahn-Gorman score". Among the 31 hypertensive patients
evaluated at W12, only 4 (12.9%) showed improvement in the
aforementioned parameter. In contrast, among the 93 non-
hypertensive patients evaluated at W12, 32 (34.4%) experienced
improvement, while 61 (65.6%) did not (OR=0.282, 95% CI=0.091-
0.878, p=0.022). No statistically significant associations were found
between hypertension and the following CI parameters: reduction
in eyelid aperture > 3 mm (p= 0.083, N. 27 patients enrolled),
reduction in soft tissue involvement by at least 2 points (p=0.276, N.
135 patients enrolled), reduction in proptosis > 2 mm (p=0.175, N.
107 patients enrolled), reduction in CAS > 2 (p=0.218, N. 139
patients enrolled).

In the evaluation of LDLc, cut-offs used to transform the
continuous variable into a categorical variable, were established
through visual inspection of the graphs represented (Figures 1, 2).
The specific cut-offs values were chosen with reference to the Adult
Treatment Panel III standard levels for LDLc (19). More
specifically, the cut-offs 2130 mg/dl ("bordeline high"), 2175 mg/
dl ("high") and >190 mg/dl ("very high") were adopted.

The LDLc blood concentration seemed to be correlated with the
parameter "reduction in soft tissue involvement by at least 2 points".
Of the 51 patients with LDLc levels > 130 mg/dl, 47 (92.2%) were
classified as showing no clinical improvement in this parameter.
Conversely, 63 (75%) of the 84 patients with LDLc concentrations <
130 mg/dl did not improve. (p=0.013).

Among the 112 patients with a serum LDLc concentration < 175
mg/dl, 36 (32.1%) showed clinical improvement at W12 in terms of
an increase in ocular motility of almost one grade or improvement in
diplopia according to the Bahn-Gorman score. However, none of the
12 patients with a serum LDLc concentration > 175 mg/dl were
classified as improved (p=0.018).

Moreover, 45 (44.6%) out of the 101 patients with LDLc levels <
190 mg/dl showed improvement in the parameter 'reduction in
proptosis > 2 mm!, whereas none of the 6 patients with LDLc
values >190 mg/dl were classified as improved (p=0.039).

No significant difference was observed regarding the parameter
"reduction in eyelid retraction > 3 mm" when the LDLc cut-off was
130 mg/dl (p=0.662).

Discussion

Our study was mainly focused on the putative effect of several
clinical conditions related to oxidative stress on the short-, medium-
and long-term clinical outcomes of active moderate-to-severe GO
in patients receiving treatment with intravenous glucocorticoids.

In our retrospective cohort of patients with active moderate-
severe GO receiving ivGCs, we were able to model the predicted
probability of an individual patient being classified as "improved" at
W6, W12, or W24 based on serum levels of LDLc at baseline.
Additionally, hypertension reduced the patient's likelihood of being
classified as "improved" at W12 by 3.5 times. Hypercholesterolemia
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promotes low-grade chronic inflammation caused by increased
levels of oxLDLc and free fatty acids (FFA) (20), which induce
systemic lipotoxicity and endoplasmic reticulum (ER) stress, a
condition characterized by dysregulation of the synthesis, folding,
repair and trafficking of several proteins (21). Lipotoxicity and ER
stress are associated with the modulation of tissue macrophage
functions, such as the synthesis of cytokines, chemotaxis,
phagocytosis, proliferation, antigen presentation and the
generation of oxidative species (ROS), which favor fibrogenic
response activation by interleukin-6 (IL-6). Indeed, the increase
in IL-6 activity in the intraorbital environment promotes the
secretion of insulin-like growth Factor 1 (IGF-1) by intraorbital
fibroblasts and stimulates fibroblast proliferation, with subsequent
orbital soft tissue expansion through increased Insulin Growth
Factor (IGF-1) and Thyroid Stimulating Hormone (TSH)
receptors cross-talk (22). It also appears that IL-6 activates the
JAK/STAT pathway modulating the activity of glucocorticoids
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receptors and consequently the effectiveness of pulse therapy in
patients with GO (23-25). On the other hand, oxLDL regulates the
expression of dipeptidyl dipeptidase IV (DPP4) in macrophages,
leading to an increase in CD36+ cells, which contributes to the
inflammatory processes of atherosclerosis in obese and insulin-
resistant patients (26). Furthermore, it has been suggested that
LDLc has direct effects on the transcriptional and translational
activity of corticosteroids at the cellular level and on hepatic mRNA
levels (26-28).

The role of hypertension is likely based on its association with
chronic oxidative stress and innate and acquired immunity, as
supported by emerging evidence in the literature. Recent data have
suggested that hypertension and decreased nitric oxide (NO) are
associated with the increase in OX. OX contribute to the activation of
the PI3K/Akt-MAPK pathway causing overexpression of the genes
related to redox activity (29, 30). Elevated blood pressure (BP) can
induce organ damage promoting the formation of new antigens
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which sustains the low-grade inflammation condition and trigger the
activation of the innate immunity by activating the Toll-like receptors
(TLRs) on antigen-presenting cells, moreover the new antigens
enhance the immunogenicity of dendritic cells and facilitate the
production of proinflammatory cytokines (31, 32).

Chronic hyperactivation of the renin-angiotensin-aldosterone
system (RAAS) is typically found in patients suffering from high BP.
An increase in RAAS activity in turn leads to an increase in serum
aldosterone levels. Through the induction of numerous
transcription factors involved in inflammation, such as nuclear
factor-kB (NF-kB) and activator protein-1 (AP-1), aldosterone
appears to be responsible for the activation of adhesion
molecules, including intercellular adhesion molecule-1 (ICAM-1)
and connective tissue growth factor (CTGF). These molecules have
been shown to induce inflammation and fibrosis (33). Furthermore,
the latter seems to favor the activation and infiltration of
macrophages at the endothelial level, with subsequent deposition
of collagen and release of factors promoting fibrosis, such as
transforming growth factor 1 (TGF-B1). Hyperactivation of the
renin-angiotensin-aldosterone system is considered a cause of
increased OX and, consequently, a risk factor for worse clinical
outcomes in terms of response to treatment (34, 35).

We also found that LDLc and HoH were two independent
predictors of short- and medium-term clinical outcomes,
respectively, of the specific components of the CI of GO that are
characteristic of the clinical phenotype of GO. An LDLc > 130 mg/
dl (19) was associated with an impaired response of the soft tissues
of the orbit to glucocorticoids. Furthermore, LDLc values > 175 mg/
dl and > 190 mg/dl reduced the clinical outcomes of ocular motility
and proptosis to ivGCs. HoH reduced the odds of improvement in
ocular motility (p=0.02).

Tt is not surprising that a slightly elevated LDLc level (>130 mg/dl)
was associated with a weak response of eyelid oedema to
glucocorticoids. Soft tissues of the orbit are usually the first
structures involved in the immune-inflammatory process of
GO characterized by sparse mononuclear cells infiltrate within
the muscle endomysium and the fatty connective tissue, the
overproduction of glycosaminoglycans is considered the
pathogenetic cause of their remodeling (36, 37). The production of
glycosaminoglycans by activated orbital fibroblasts is the first step in
the morphological changes of orbital soft tissues and is related to
cytokine production derived mainly from the activity of macrophages
(38), that is modulated by cholesterol flux (39).

Furthermore, the impairment of ocular motility and the
worsening of proptosis are associated with fibrotic processes that
are mainly related to the increase in oxidative stress caused by T
lymphocytes and can be favored by high levels of LDLc (= 175 mg/
dl), hypertension-related oxidative processes and the activation of
intracellular pathways induced by TRAbs binding to the TSH and
IGF-1 receptors (40-42).

In conclusion, LDLc and hypertension are clinical conditions
related to oxidative stress that negatively modulate the response of
active moderate to severe GO to parental glucocorticoids. Notably,
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slightly elevated LDLc levels (> 130 mg/dl) were sufficient to reduce
the response of orbital soft tissue to glucocorticoids, whereas more
elevated LDLc levels (from 175 mg/dl to 190 mg/dl) and
hypertension were associated with poorer eye motility and proptosis.
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