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Abstract

Thyroid eye disease (TED) is the major extrathyroidal manifestation of Graves’ disease 
(GD). Treatment choice is based on clinical activity and severity of TED, as evaluated with 
clinical activity score (CAS) and magnetic resonance (MR) imaging. We aimed to determine 
the relationship between neutrophil-to-lymphocyte ratio (NLR), a readily available indicator 
of systemic inflammation, and clinical and MR imaging parameters in TED patients. Eighty-
seven consecutive TED patients were included. The average signal intensity ratio (SIR), 
average extraocular muscle (EOM) diameter, and proptosis of the study eye were extracted 
from MR images. A baseline NLR ≥ 2.0 was recorded in 37 (42.5%) patients and NLR < 2.0 in 
50 (57.5%) patients. TED patients with NLR ≥ 2.0 were older, had a higher CAS, average SIR, 
average EOM diameter and proptosis, and a lower serum thyrotrophin receptor antibody 
level than patients with NLR < 2.0 (all P < 0.05). All MR parameters showed significant 
correlation with CAS (P < 0.05). NLR correlated significantly with CAS (P = 0.001), average SIR 
(P = 0.004), average EOM diameter (P = 0.007), and proptosis (P = 0.007). Multiple regression 
revealed a significant correlation between NLR and CAS (P = 0.001), average SIR (P = 0.029), 
and proptosis (P = 0.037). Cox regression analysis showed that a high NLR at baseline 
was associated with a worse clinical outcome of TED (hazard ratio 3.7, 95% CI 1.22–11.2, 
P = 0.02), at a median follow-up of 25 months. In conclusion, NLR was correlated with CAS 
and MR imaging parameters and was associated with a worse clinical outcome of TED at 
follow-up in patients with TED. Additional prospective studies are needed to validate our 
findings.
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Introduction

Thyroid eye disease (TED), although relatively rare, is the 
major extrathyroidal manifestation of Graves’ disease 
(GD). TED is an inflammatory condition affecting the orbit 
around the eye, with more cases mild and nonprogressive (1, 
2). Treatment choices for TED are based on the assessment 
of clinical activity and severity. Clinical activity score 
(CAS) is widely used to assess TED activity. However, there 
are limitations with this categorical CAS system (2, 3). 
CAS is based on clinical evaluation of the anterior visible 
part of the orbit but might ignore the acute inflammatory 
involvement of deep orbital structures, such as extraocular 
muscle (EOM) (4). Meanwhile, an identical weight is given 
to different clinical symptoms or signs in CAS system, which 
might overlook their heterogeneous importance.

Magnetic resonance (MR) imaging has a high contrast 
resolution for soft tissues and provides a remarkable 
advantage for investigating EOMs and deep structures in 
the orbit. MR is important in the differential diagnosis 
of TED and also contributes to guide the management of 
TED patients (5). CAS has been shown to correlate with 
MR parameters in previous studies. Also, MR parameters 
have been reported to predict clinical outcomes following 
orbital irradiation and immunosuppressive therapy in TED 
patients (6, 7). These evidence suggest that MR measures 
could serve as an objective and quantitative indicator 
of TED activity and severity (4). However, the costs and 
availability limit routine MR application in daily practice.

Neutrophil-to-lymphocyte ratio (NLR), calculated 
by dividing the absolute count of neutrophils by that of 
lymphocytes in the peripheral blood, is easy to obtain. NLR 
proves to be a good indicator of systemic inflammation. NLR 
has been reported to be associated with clinical prognosis 
in multiple disease contexts, including thyroid diseases 
(8, 9). NLR predicts relapse in GD patients following 
antithyroid drug therapy (10) and disease progression 
in patients with anaplastic thyroid carcinoma (11). It is 
reasonable to speculate the role of NLR in indicating TED 
activity or severity, given the close relationship between 
TED and inflammation. Indeed, one preliminary study 
with 58 TED patients suggested a potential association 
between NLR and CAS (12), but no study has yet evaluated 
a direct relationship between the NLR and TED activity or 
severity, particularly with orbital MR measures.

In this study, we performed a retrospective analysis of 
87 TED patients, all with orbital MR data, to evaluate the 
relationship between the NLR and TED activity or severity, 
presented with both clinical and MR parameters.

Methods

Human subjects

This study protocol was approved by the Ethics 
Committee of Nanjing Drum Tower Hospital Institutional 
Review Board. We conducted a retrospective analysis of 
consecutive TED patients in a tertiary referral center (the 
Affiliated Drum Tower Hospital, Nanjing University School 
of Medicine) from January 2018 to October 2021. GD was 
diagnosed based on hyperthyroidism associated with anti-
thyrotrophic hormone (TSH) receptor autoantibodies 
(TRAb). TED was diagnosed by the ophthalmology 
department based on clinical ophthalmic examinations. 
TED activity was assessed using the 7-point CAS system, 
as described previously (3). Patients were eligible for 
inclusion if they were 18–80 years of age, diagnosed with 
GD, with active or inactive TED for less than 18 months. 
We excluded patients who had previous orbital irradiation 
or surgery for TED, received i.v. glucocorticoids within 3 
months before enrollment, or received treatments for GD 
other than antithyroid drugs. Patients with autoimmune 
diseases, immunosuppression, or active infection were also 
excluded to prevent changes in the NLR values due to the 
patients’ background characteristics.

Demographic data, laboratory assays for thyroid 
function, and autoantibodies

Baseline demographic characteristics including age, 
gender, history of smoking, duration of GD, and duration 
of TED were collected. Blood cell counts were obtained 
and NLR was calculated by dividing the absolute 
neutrophil count by the lymphocyte count. Serum 
TSH, free triiodothyronine, free thyroxine, and thyroid 
autoantibodies (thyroid peroxidase antibody (TPOAb) 
and thyroglobulin antibody (TgAb)) concentrations 
were detected by electrochemical luminescence assays 
with Cobas Eless 601 (Roche). The reference ranges of 
TSH, TPOAb, and TgAb were 0.27–4.2 mIU/L, 0–34 IU/
mL, and 0–115 IU/mL, respectively. TRAb was measured 
using a third-generation thyrotrophin binding inhibiting 
immunoglobulin (TBII) assay with the automated Cobas 
electrochemiluminescence immunoassay (Roche). Serum 
thyroid-stimulating antibodies (TSAbs) were measured 
as TSH receptor-stimulating immunoglobulin with 
the Siemens IMMULITE 2000 TSI assay. The reference 
ranges of TRAb and TSAb were 0–1.75 and 0–0.55 IU/L, 
respectively.
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MR imaging

Orbital MR imaging was performed with a 3.0T scanner 
(Ingenia, Philips). A retrospective analysis of two-
dimensional quantification MR images was performed by 
one dedicated radiologist for all patients. The radiologist 
was unaware of the clinical status, as well as of the 
laboratory results of all patients. Proptosis was defined as 
the distance between the corneal eminence and the inter-
zygomatic line in a horizontal T1-weighted image. The 
diameters of the EOMs (including inferior rectus, superior 
rectus, medial rectus, and lateral rectus) were estimated at 
the sites of their enlargement in the coronal or horizontal 
section of the T1-weighted images. To quantitively 
measure orbital muscle inflammation, the signal intensity 
of muscle tissues was acquired on two sequential coronal 
images from T2 fluid-sensitive sequences, and the average 
signal intensity for each muscle was calculated. A signal 
intensity ratio (SIR) was calculated by setting the signal 
intensity of each EOM in proportion to that of the 
ipsilateral temporalis muscle (13). Within each patient, the 
clinically more severe eye was designated as the study eye. 
The average EOM diameter and SIR of the study eye were 
calculated and used in the final analysis.

Statistical analyses

Continuous variables are presented as means ± s.e. and 
categorical variables as numbers with percentages. The 
mean baseline NLR value in our cohort was 2.0, thus a 
cutoff value of 2.0 was set for the analysis. Differences 
between NLR subgroups were analyzed by using the 
independent sample t-test or Mann–Whitney U test for 
continuous variables and using χ2 test for categorical 
variables. Spearman’s correlation was performed to assess 
the association between NLR, CAS, average SIR of the 
study eye, and other democratic, serum, and MR imaging 
parameters. Simple and multiple regression analysis was 
used to evaluate the relationships between CAS, average SIR 
of the study eye, and other parameters, with parameters that 
were statistically significant by simple regression analysis 
included in multiple regression analysis. As corticosteroid 
treatment could impact NLR values and MR findings, we 
performed a separate analysis excluding those who were 
receiving or have received corticosteroid treatments over 
3 months before enrollment. A Cox proportional hazards 
model was used to identify the independent predictive 
factors of TED severity, as presented by EUGOGO criteria. 
A moderate-to-severe or very severe (sight-threatening) 
form at follow-up was considered as an event. Factors 

with P < 0.10 in the univariate analysis were selected 
for multivariate analysis. Analyses were implemented 
using SPSS (version 21.0). Two-tailed P values < 0.05 were 
considered as significant.

Results

Overall baseline characteristics

The demographical and clinical characteristics of the 
patients are presented in Table 1. Of 87 TED patients, 39 
were male; the mean age was 48.6 years, mean duration of 
GD was 32.4 months, and the mean duration of TED was 
7.0 months. The mean CAS was 3.3 and the mean NLR 
was 2.0. Current medications when they were enrolled 
were methimazole (in 67 patients, median dose 10 mg), 
propylthiouracil (in 1 patient, dose 150 mg), levothyroxine 
(in 10 patients, median dose 75 μg), and others were not 
on antithyroid medications or hormones. No patient was 
on glucocorticoid treatment at the time of enrollment. 
Twenty-nine patients (33.3%) had been treated with i.v. 
glucocorticoids more than 3 months before enrollment.

Patient characteristics stratified by  
baseline NLR

A baseline NLR ≥ 2.0 was recorded in 37 (42.5%) patients, 
and NLR < 2.0 in 50 (57.5%) patients. Patients with 
NLR ≥ 2.0 and NLR < 2.0 were similar in terms of sex, 
smoking, durations of GD and TED, serum thyroid 
hormone levels, and serum concentrations of TSAb, 
TgAb, and TPOAb. Patients with NLR ≥ 2.0 tended to be 
older (52.9 ± 2.12 vs 45.4 ± 1.96 years, P = 0.011), showed a 
higher CAS (3.9 ± 0.19 vs 2.9 ± 0.17, P < 0.001), average SIR 
(3.58 ± 0.39 vs 2.7 ± 0.21, P = 0.047), average EOM diameter 
(6.0 ± 0.22 vs 5.3 ± 0.17 mm, P = 0.017), and proptosis 
(22.5 ± 0.5 vs 20.6 ± 0.36 mm, P = 0.003), but a lower serum 
TRAb level (median 5.74 vs 14.73 mIU/L, P = 0.049), as 
compared with those with NLR < 2.0 (Table 1).

Variables correlated with CAS and MR parameters

NLR correlated significantly with CAS in the overall 
cohort (P = 0.001), as were serum TSH (P = 0.004) and 
free thyroxine levels (P = 0.004) (Table 2). Duration 
of GD and TED did not correlate with CAS (P = 0.988 
and 0.532, respectively). TRAb and TSAb also did not 
show a significant correlation with CAS (P = 0.932 
and 0.641, respectively). All MR parameters showed a 
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significant correlation with CAS (all P < 0.05). Stratified 
analysis excluding patients receiving corticosteroids 
over 3 months before enrollment revealed a similar and 
significant correlation between CAS with NLR (P = 0.005) 
and MR parameters (Supplementary Table 1, see section 
on supplementary materials given at the end of this 
article). However, patients with active TED (CAS ≥ 3) did 
not differ from those with inactive TED (CAS < 3) with 
regard to all MR measures (Supplementary Table 2).

NLR correlated significantly with average SIR 
(P = 0.004), average EOM diameter (P = 0.007), and 
proptosis (P = 0.007). All MR parameters correlated 
with each other (all P < 0.05), suggesting a consistent 
indication of TED activity or severity (Table 2). Analyses 
excluding patients receiving corticosteroids over 3 
months before enrollment showed largely similar 
findings (Supplementary Table 1). A positive correlation 
was found between average EOM diameter (but not other 
MR parameters) and age (P < 0.001). Duration of GD, 
TED, TRAb, and TSAb did not show correlation with MR 
parameters in our study. There was an inverse correlation 
between CAS (as well as MR parameters) with serum-free 
triiodothyronine, but a positive correlation with TSH 
(Table 2).

Simple and multiple regression analysis for CAS 
and MR parameters

To further assess the activity and severity of TED, we 
performed a simple and multiple regression analysis, using 
CAS and MR parameters as the dependent variable. CAS 
correlated significantly with free thyroxine (P = 0.034) and 
NLR (P = 0.001) by simple regression analysis, but by multiple 
regression analysis, the correlation remained only for NLR 
(P = 0.001; Table 3). Similarly, simple and multiple regression 
analysis including NLR and other potentially affecting 
variables confirmed a significant correlation only between 
NLR and average SIR (P = 0.029). NLR was also correlated 
with proptosis after simple and multiple regression analysis 
(P = 0.037). Age remained the only variable significantly 
correlated with average EOM diameter after multiple 
regression. These findings suggested that NLR was an 
independent variable affecting CAS and MR parameters.

Univariate and multivariate analysis for predictors 
of final TED activity

During a median follow-up of 25 months, 70% of patients 
(55 of 79) had mild activity, while the others had moderate-

Table 1 Characteristics of the 87 enrolled patients with thyroid eye disease based on NLR.

Characteristics Total High NLR (≥2) Low NLR (<2) P value

Number of patients 87 37 (42.5) 50 (57.5)
Age (years) 48.6 ± 1.49 52.9 ± 2.12 45.39 ± 1.96 0.011
Male (%) 39 (44.8) 21 (56.8) 18 (36) 0.08
Smoking (%) 27 (31.0) 12 (32.4) 15 (30) 0.34
Duration of TED (months) 7.03 ± 0.53 7.07 ± 0.79 6.97 ± 0.69 0.935
Duration of GD (months) 32.4 ± 4.07 31.3 ± 4.91 33.3 ± 6.19 0.816
Clinical activity score   3.3 ± 0.14 3.86 ± 0.19 2.88 ± 0.17 <0.001
TSH level (mIU/L) 0.03 (0.005, 1.11) 0.08 (0.01, 2.06) 0.015 (0.005, 0.485) 0.067
Free triiodothyronine (pmol/L) 6.26 (4.81, 14.86) 5.77 (4.64, 8.98) 7.30 (5.14, 17.12) 0.105
Free thyroxine (pmol/L) 24.5 ± 2.38 20.4 ± 2.86 27.7 ± 3.56 0.131
TRAb (IU/L) 9.34 (3.29, 21.26) 5.74 (2.64, 14.2) 14.73 (4.92, 24.89) 0.049
TSAb (IU/L) 6.43 (2.83, 14.2) 4.81 (2.01, 23.6) 6.94 (3.75, 12.3) 0.526
TgAb (IU/mL) 13.69 (10.6, 203.8) 12.5 (10, 44.2) 14.7 (11.2, 496) 0.165
TPOAb (IU/mL) 28.28 (9.78, 271.7) 22.4 (9.2, 226.5) 40.4 (11.9, 285.7) 0.423
CRP (mg/L) 4.08 ± 0.40 4.86 ± 0.35 3.38 ± 0.73 0.071
Average SIR 3.06 ± 0.21 3.58 ± 0.39 2.70 ± 0.21 0.047
Average EOM diameter (mm)   5.6 ± 0.14 5.99 ± 0.22 5.32 ± 0.17 0.017
Proptosis (mm) 21.4 ± 0.31 22.5 ± 0.5 20.6 ± 0.36 0.003
NLR 2.0 ± 0.1 2.88 ± 0.14 1.34 ± 0.06 <0.001
TH control status 0.169
Hyperthyroidism 58 (66.7) 21 (56.8) 37 (74.0)
Hypohyroidism 9 (10.3) 6 (16.2) 3 (6.0)
Euthyroidism 20 (23.0) 10 (27.0) 10 (20.0)

Continuous variables are presented as mean ± s.e.m. or median (interquartile range). Categorical variables are presented as number (percentage).
CAS, clinical activity score; CRP, C-reactive protein; EOM, extraocular muscle; GD, Graves’ disease; NLR, neutrophil-to-lymphocyte ratio; SIR, signal 
intensity ratio; TED, thyroid eye disease; TgAb, thyroglobulin antibody; TPOAb, thyroid peroxidase antibody; TRAb, thyrotrophin receptor antibody; TSAb, 
thyroid-stimulating antibody; TSH, thyroid-stimulating hormone.
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to-severe or very severe activity. Univariate analysis revealed 
a significant difference in age, gender, smoking status, and 
NLR between patients with mild activity and those with 
moderate-to-severe or very severe activity. However, only 
NLR remained a significant predictor of final TED activity 
(hazard ratio (HR) 3.7, 95% CI 1.22–11.2, P = 0.02) (Table 4).

Discussion

To our knowledge, our study remains the first study to 
demonstrate the relationship between a readily available 
inflammatory marker in clinical practice – NLR – with 
objective and quantitative parameters of TED activity and 
severity from MR imaging. We confirmed a significant 
correlation between MR measures and CAS and showed 
a significant correlation between NLR and CAS, as well as 
all MR measures including proptosis, the average SIR, and 
EOM diameter of the study eye. This positive correlation 
was validated by both simple and multiple regression 
analysis. In addition, a high NLR at baseline was associated 
with a worse clinical outcome of TED at follow-up.

CAS is the most widely used scoring system for TED 
activity evaluation but is limited by the lack of ability to 
reflect the inflammatory status of deep orbital structures. 
Orbital MR imaging provides additional information 
regarding the activity of TED, including morphological 
and quantitative evaluation of deep orbital structures (5). 
Specific MR sequences have been proposed in the latest 
European guidelines for TED management, which might 
help quantify disease activity and predict response to 
anti-inflammatory treatment and outcome of TED (2). In 
agreement with previous reports, our study confirmed a 
significant correlation between MR measures and CAS. 
According to current guidelines, TED is defined as active 
if CAS ≥ 3/7 and inactive if CAS < 3/7 (2). However, based 
on this dichotomic category, we found that patients 
with active TED (CAS ≥ 3) did not differ from patients 
with inactive TED, with regard to all MR measures. This 
discrepancy between continuous evaluation (showing 
significant correlation with MR measures) and dichotomic 
assessment of CAS (showing no difference in MR measures) 
highlights the limitation of CAS-based TED activity 
categorical classification: while a loose correlation might 
exist, the overlap is too extensive to allow for separation 
among groups. A modification of the CAS classification or 
other categorical strategy, for instance, incorporating MR 
parameters and other variables, is warranted.

Although 1 preliminary study with 58 TED patients 
compared NLRs in patients with higher and lower CAS Ta
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(12), the relationship between an elevated NLR and 
clinical and MR imaging parameters in patients with TED 
has not been reported yet. On MR images of TED patients, 
increased volumes of EOMs are characteristic, as well as 
MR signal intensities which indicate inflammation of 
the orbital soft tissues (14). Our study confirmed these 
anatomical changes in TED patients. These average 
SIR changes occurred in conjunction with changes in 
proptosis and average diameters of EOMs in our analysis, 
suggesting that these MR parameters of orbital soft 
tissues might provide cumulative values for prediction 
of TED activity. The consistent correlation of NLR with 
CAS and all MR parameters evidenced that NLR may be 
a predictive biomarker for TED activity and severity. It 
is interesting that C-reactive protein, another indicator 
of inflammation, did not correlate with TED activity in 
our study. Therefore, the mechanisms underlying the 
association between NLR and TED activity might not 
only be considered as general inflammatory-related but 
might also be affected by inflammation types. We also 

found that patients with a higher NLR at baseline tended 
to have a more severe form of TED, at a median follow-up 
of 25 months. Our results might provide additional useful 
information regarding the pre-existing indicators to 
determine the activity and severity of TED patients and 
predict their response to treatments. However, it remains 
unclear to which extent an incremental predictive power 
of NLR would improve the predictive value of CAS, e.g. 
in predicting response to therapy. Further prospective 
studies are needed.

Interestingly, we observed an inverse correlation 
between CAS (as well as MR parameters) with serum-free 
triiodothyronine, but a positive correlation with TSH. 
These findings were in agreement with that of Dr Profilo 
and colleagues, which showed an inverse correlation 
between NOSPECS score and serum triiodothyronine 
(15). Although NOSPECS in that study differed with CAS 
in our study, with the former reflecting TED severity and 
the latter indicating TED activity, the MR parameters 
in our study might be an indicator of both activity and 

Table 3 Simple and multiple regression analyses of the associations between clinical variables with CAS and MR parameters.*

Variables

CAS Average SIR Average EOM diameter Proptosis
Simple  

regression
Multiple  

regression
Simple  

regression
Multiple  

regression
Simple  

regression
Multiple 

regression
Simple 

regression
Multiple 

regression

Duration of GD 0.285 — 0.628 — 0.104 — 0.694 —
Duration of TED 0.899 — 0.412 — 0.931 — 0.441 —
TH control status 0.046 0.178 0.050 0.053 0.140 — 0.068 0.068
Age 0.942 — 0.445 — <0.001 0.001 0.269 —
Free thyroxine 0.034 0.224 0.404 — 0.09 — 0.033 0.037
NLR 0.001 0.001 0.023 0.029 0.031 0.10 0.028 0.037

CAS, clinical activity score; EOM, extraocular muscle; GD, Graves’ disease; NLR, neutrophil-to-lymphocyte ratio; SIR, signal intensity ratio; TED, thyroid eye 
disease; TH, thyroid hormone.
*P values from simple and multiple regression analyses were provided.

Table 4 Univariate and multivariate analyses for final disease severity of TED.

Univariate analysis Multivariate analysis
Mild Moderate-to-severe or very severe P value Hazard ratio (95% CI) P value

No. 55 24
Age 46.5 ± 1.83 53.38 ± 2.61 0.037 0.996 (0.956, 1.039) 0.862
TSH 4.59 ± 2.31 3.79 ± 1.64 0.830 
Free triiodothyronine 11.72 ± 1.29 9.07 ± 2.08 0.268 
Free thyroxine 24.87 ± 2.93 23.5 ± 5.15 0.808 
NLR 1.73 ± 0.11 2.65 ± 0.24 <0.001 3.697 (1.217, 11.23) 0.021*
Duration of GD 32.2 ± 5.59 36.08 ± 7.26 0.691 
Duration of TED 6.82 ± 0.65 7.35 ± 1.05 0.657 
CRP 4.3 ± 0.5 3.97 ± 0.88 0.724 
Gender (male) 19 17 0.004  0.53 (0.158, 1.778) 0.304
Smoking (yes)  6 11 0.002  2.33 (0.722, 7.519) 0.157
TH control status (yes) 16 11 0.198 

CRP, C-reactive protein; GD, Graves’ disease; NLR, neutrophil-to-lymphocyte ratio; TED, thyroid eye disease; TH, thyroid hormone; TSH,  
thyroid-stimulating hormone.
*NLR ≥ 2.0 vs NLR < 2.0.

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-22-0260

https://ec.bioscientifica.com © 2022 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-22-0260
https://ec.bioscientifica.com


X Zhang, C Han et al. e22026011:11

severity (4). These findings were also in keeping with the 
knowledge that hypothyroidism can be associated or it 
may determine a progression of TED (15, 16) and that 
iatrogenic hypothyroidism in treating patients with GD 
should be avoided (2).

We also found that older TED patients had a higher 
NLR and a larger EOM diameter, but the average SIR or 
proptosis was not different. Multiple regression analysis 
also confirmed the positive correlation between EOM 
diameter and age in TED patients. This does not suggest a 
more active state in older TED patients, as EOM dimension 
measurements do not correlate with the inflammatory 
activity of the disease, and muscle enlargement can also 
be found in chronic stages of TED (4, 6). It is notable 
that in our study, no correlation was found between CAS 
and MR parameters with either serum TRAb or TSAb. 
Evidence regarding the correlation of TRAb with TED 
activity is somewhat equivocal. Several studies with a 
moderate sample size of TED patients found a correlation 
between TRAb and CAS (17, 18), but others with a similar 
number of patients did not find an association (15, 19). 
In contrast, TSAb levels seem to be consistently reported 
to be correlated with the severity and activity of TED (17, 
19, 20). The discrepancy of TSAb correlation in our study 
with others remains unclear but might be partially due 
to the change of TSAb levels under antithyroid drugs. 
Also, in addition to antibodies targeting the thyrotropin 
receptor, other autoantigens and antibodies are involved 
in the development of TED, among which, the insulin-
like growth factor I receptor (IGF-I) receptor plays a central 
role (21, 22). Future studies are needed to test the possible 
correlation between IGF-I pathway and TED activity.

Several limitations should also be acknowledged in our 
study. First, the retrospective nature of the study made it 
impossible to avoid potential confounding, although the 
MR images were reevaluated by one experienced radiologist 
who was blind to the clinical status and laboratory findings 
of all patients. Second, also due to the retrospective 
nature of this study, the effect of NLR on the response of 
patients to anti-inflammatory treatment for TED needs 
to be confirmed in prospective studies. Third, MR data 
were obtained from two-dimensional images, thus three-
dimensional volumetric analyses of the orbital fat and the 
orbital cavity were unavailable (23), which might produce 
less variance (7). Fourth, it is unclear to which extent an 
incremental predictive power of NLR would improve the 
predictive value of CAS, and further studies are needed. 
Fifth, thyroid function control in our TED cohort was 
inadequate, which is largely due to the lack of follow-up 
examinations of thyroid function and timely adjustment 

of medication dosages in most patients because they might 
be free from GD-related severe symptoms before they 
developed symptoms of TED. However, multiple regression 
analysis controlled for thyroid hormone control status 
revealed similar significant associations between NLR and 
CAS and MR parameters.

In conclusion, in patients with GD and TED, there was 
a significant correlation between NLR and clinical and MR 
imaging parameters. A high NLR at baseline was associated 
with a worse clinical outcome of TED at follow-up. Future 
prospective studies are needed to validate our findings and 
determine the incremental predictive power of NLR in 
addition to CAS in predicting response to therapy.
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