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Purpose: This study evaluated the ocular surface disease (OSD), especially dry eye disease (DED) parameters by combining 
qualitative and quantitative tools, including tear matrix metalloproteinase 9 (MMP-9), in patients with Graves’ disease (GD) with 
and without Thyroid eye disease (TED).
Patients and Methods: A total of 17 active TED, 16 inactive TED, 16 GD without ophthalmopathy, and 16 healthy controls were 
included. All patients were assessed with CAS, ophthalmometry, qualitative tear MMP-9, Ocular Surface Disease Index (OSDI), 
ocular surface staining, Schirmer test, meibography, tear meniscus height, conjunctival hyperemia, and non-invasive tear film break-up 
time. Patients were classified into three subtypes of DED: aqueous tear deficiency, meibomian gland dysfunction (MGD) and mixed 
dry eye.
Results: Inactive TED was shown to be an associated factor with DED (odds ratio 14, confidence interval 2.24–87.24, p=0.0047), and 
presented more DED than healthy controls (87.5% versus 33.3%, p=0.0113). MGD was also more prevalent among these subjects than 
in healthy control (62.5% versus 6.7%; p=0.0273). No significant differences were found in other ophthalmological parameters, except 
for more intense conjunctival redness among active TED than GD without ophthalmopathy (p=0.0214). Qualitative MMP-9 test was 
more frequently positive in both eyes among active TED than in other groups (p < 0.0001).
Conclusion: Patients with GD were symptomatic and presented a high prevalence of ocular surface changes and DED, particularly 
the subgroup with inactive TED. Tear MMP-9 detection was associated with active TED suggesting a relationship between ocular 
surface changes and the initial inflammatory phase of ophthalmopathy.
Keywords: Graves’ ophthalmopathy, thyroid eye disease, ocular surface disease, dry eye, MMP-9

Introduction
Graves’ ophthalmopathy, also called Thyroid eye disease (TED), is the most frequent extrathyroidal manifestation of 
Graves’ disease (GD), affecting about 50% of patients. A majority will also experience exophthalmos and symptoms 
related to ocular surface disease (OSD), mostly dry eye disease (DED). Previous studies have reported that 65–85% of 
patients with TED present DED based on qualitative or quantitative ocular surface assessments.1–4

Some underlying mechanisms, such as ocular surface exposure secondary to proptosis and eyelid retraction, impaired 
Bell’s phenomenon, reduced tear production by the lacrimal glands (LGs), and dysfunction in the meibomian glands 
(MGs) play an essential role in TED.5–7 Thyroid-stimulating hormone receptors are also expressed in LGs, probably 
reducing tear production, and increasing tear film osmolarity.8,9 Hyperosmolarity may stimulate the expression of 
cytokines, including interleukins, tumor necrosis factor α (TNF-α), and matrix metalloproteinases (MMPs).10,11 
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Further, tear proteins have also been demonstrated to be altered, reflected by the upregulation of proteins involved in 
inflammatory processes and downregulation of protective proteins in patients with TED.12,13

MMPs are involved in inflammation, migration, differentiation, angiogenesis, and fibrosis, leading to extracellular 
matrix (ECM) remodeling.14 The imbalance between MMPs and their counteracting tissue inhibitors of metalloprotei-
nases (TIMPs) has also been studied in other conditions, including cardiovascular diseases, cancer, wound healing, and 
rheumatoid arthritis (RA).15–19 Among MMPs, MMP-9 has been linked to DED, inflammation, and TED.20,21 MMP-9 
has been assessed in tear samples from patients using a qualitative point-of-care immunoassay, which detects concentra-
tions ≥ 40 ng/mL. Qualitative tear MMP-9 has shown high sensitivity and specificity to diagnose DED, also correlating 
with the severity of the disease.22

To the best of our knowledge, no previous studies have assessed OSD and DED by combining qualitative and 
quantitative ocular surface tools, including qualitative tear MMP-9 in patients with GD. Herein, we investigated OSD 
among patients with GD without apparent ophthalmopathy and those with ophthalmopathy in active or chronic and 
fibrosis phases of inflammation.

Materials and Methods
Study Design and Patients
Forty-nine consecutive patients with active GD and 16 healthy controls with similar age and sex, were included in this 
cross-sectional clinic-based study. Participants were recruited from a joint endocrinology and ophthalmology outpatient 
clinic between August 2019 and March 2020. Subjects with active and inactive ophthalmopathy and simultaneous onset 
of thyroid disease were included. In total, 65 subjects were recruited and divided into four groups according to clinical 
characteristics and the presence of ophthalmopathy. Basically, 17 patients with active inflammatory ophthalmopathy 
(CAS ≥ 3/7), 16 patients with inactive ophthalmopathy (CAS < 3), 16 patients with GD and without apparent 
ophthalmopathy, and 16 healthy euthyroid individuals from an iodine-sufficient area. All the subjects with active and 
inactive TED presented mild or moderate eye disease. Subjects with severe or sight-threatening TED were excluded due 
to likely requiring immunosuppression or surgical intervention. Exclusion criteria were acute infectious or inflammatory 
disease, hypothyroidism, subjects on or previous corticosteroid use (intravenous, oral, or ocular), subjects using eyedrops 
or ointments, previous orbital radiotherapy, and other acute or chronic OSD.

The study was approved by the Institutional Ethics Committee of the institution (CAAE: 92689218.8.0000.5404) and 
was conducted in accordance with the Declaration of Helsinki and current legislation on clinical research. Written 
informed consent was obtained from participants to participate in the study.

Clinical Assessment
Diagnosis of GD and Biochemical Assessment
The diagnosis of GD was established by an endocrinologist based on clinical characteristics and biochemical data. All 
biochemical data were measured by electrochemiluminescence immunoassay before the assessments, which included 
serum thyroid stimulating hormone (TSH) [reference values (RV) 0.30–4.2 uUI/mL], free thyroxine (fT4) (RV 0.9–1.7 
ng/dL), free triiodothyronine (fT3) (RV 0.2–0.44ng/dL), anti-thyroglobulin antibodies (TgAb) (RV < 115 UI/mL), anti- 
thyroperoxidase antibodies (TPOAb) (RV < 34 UI/mL) and anti-TSH receptor antibodies (TRAb) (RV < 1.58 UI/L).

Presence and Severity of Ophthalmopathy
Clinical eye evaluation defined the presence of ophthalmopathy, and degree of inflammation based on the clinical activity 
score.23 The exclusion of orbital involvement was based on clinical characteristics suggested by EUGOGO23 in addition 
to the patient’s perspective of any changes in their eyes and previous photographs. CAS was calculated from 7 items, 
assigning 1 point for alteration presented: spontaneous orbital pain, gaze-evoked orbital pain, eyelid swelling, eyelid 
erythema, conjunctival redness, chemosis, and inflammation of caruncle or plica. Active inflammation in TED was 
indicated by a CAS of 3 or higher.23 Ophthalmometry was assessed with an ophthalmometer that measured the distance 
in millimeters between the outer corner of the eye and the cornea.
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Tear MMP-9
Extracellular MMP-9 levels were measured using the InflammaDry strip test (Rapid Pathogen Screening, Inc, Sarasota, 
FL, USA). Positive results indicate that tear fluid MMP-9 levels were > 40ng/mL. The tear MMP-9 immunoassay was 
performed by a single investigator according to the manufacturer’s instructions. The tear sample collection started 
lowering the eyelid to expose the palpebral conjunctiva and dabbing the sampling fleece in 6–8 locations in the bulbar 
conjunctiva and fornix. The fleece glistered after saturation with tear film, and the sample collector was then transferred 
to the test cassette body. The absorbent tip was immersed into the buffer vial for a minimum of 20 seconds and laid flat 
on a horizontal surface for 10 minutes. Two different lines appeared in the result window: the control (blue) and the result 
(red) line. A positive result showed both blue and red lines, while a negative result showed only a blue line. A test was 
only considered valid if a blue line appeared.

Ophthalmological Examination
All participants underwent a detailed ocular anamnesis, including the Ocular Surface Disease Index (OSDI) question-
naire, assessing symptoms, functional limitations, and environmental factors. The total score of the OSDI ranges from 0 
to 100, and values below 12 are considered normal. A score of 13–20, 23–32, and ≥ 33 reflect mild, moderate, and severe 
disease, respectively.24

The ocular surface was assessed by Keratograph 5M (OCULUS Optikgerate GmbH, Wetzlar, Germany), a non- 
invasive equipment developed to evaluate tear film and ocular surface through an objective process and photo 
documentation. The parameters analyzed included meibography (assess the morphology of MGs), tear meniscus height 
(TMH), non-invasive tear film break-up time (NITBUT) (assess tear stability with the time taken from a blink to the 
appearance of the first dry spot on the cornea), and conjunctival hyperemia graded from 0 to 3 (0 – absent; 1 – mild; 2 – 
moderate; 3 – severe). Ocular surface staining was assessed with sodic fluorescein, lissamine, and Schirmer test without 
anesthesia. All procedures were performed by the same ophthalmologist following a pre-established protocol.25

Classification of Ocular Surface and Tear Film Dysfunction
The OSD was classified according to the Tear Film and Ocular Surface Society guidelines, Dry Eye Workshop II (24) and the 
International Workshop on Meibomian Gland Dysfunction.26 The two main subtypes of dry eye, aqueous tear deficient (ATD) and 
evaporative dry eye (EDE), were discriminated based on the ocular surface parameters findings. Patients with OSDI score ≥ 13 
and NITBUT < 10s or corneal staining > 5 spots or conjunctival staining > 3 were considered to have dry eye. Those diagnosed 
with dry eye that had TMH less than 0.2mm were subclassified as ATD, while those with meiboscore grade ≥ 1 were subclassified 
as MGD and EDE. Patients who met both criteria were classified as having a mixed form of DED.

Statistical Analysis
Statistical analyses were carried out in the Statistical Analysis System (SAS) - System for Windows, version 9.4. SAS 
Institute Inc., 2002–2012, Cary, NC, USA. Data are shown as mean ± SD. Descriptive analysis with frequency tables for 
categorical variables and position and dispersion measurements for continuous variables. The Chi-square or Fisher’s 
exact tests were used to compare proportions. The Mann–Whitney and Kruskal–Wallis tests were applied to compare 
continuous measures between 2 and 3 groups, respectively, followed by the Dunn test to locate differences. To assess the 
relationship between numerical variables, Spearman’s linear correlation coefficient was used. Factors associated with 
OSD/DED were assessed using logistic regression analysis. The significance level was set at p < 0.05.

Results
Demographic Data
Sixty-five individuals were enrolled, of which 17 GD with active ophthalmopathy, 16 GD with inactive ophthalmopathy, 
16 GD without ophthalmopathy, and 16 healthy controls. Groups were similar in sex, age, smoking habits, comorbidities, 
treatment, TSH and fT4 at evaluation. There was no difference regarding thyroid disease duration, TgAb, TPOAb, TRAb, 
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and types of treatment among patients with GD. Healthy controls presented a lower fT3 than GD patients without 
ophthalmopathy. Table 1 summarizes the demographic and clinical variables of the cohort.

Clinical Assessment
Subjects with active ophthalmopathy presented higher CAS than those with inactive ophthalmopathy (3.36 versus 0.88, 
p<0.001). The ophthalmometry was higher in patients with active TED than GD without ophthalmopathy and healthy 
controls, inactive TED than GD without ophthalmopathy, and GD without ophthalmopathy than healthy controls 
(p<0.0001). MMP-9 test was more frequently positive in both eyes among individuals with active TED than in other 
groups (p < 0.0001). Both sides reported similar percentages of positive and negative results (Table 2).

Ophthalmological Assessment
OSD symptoms, assessed through OSDI, were higher among active and inactive TED than in healthy controls (43.37 and 
36.89 versus 16.02, p=0.0037), although only the inactive TED group presented higher rates of DED compared to healthy 
individuals (87.5% versus 33.3%, p=0.0113). Regarding the DED subclassification, MGD and EDE were the most 
common causes of DED among these patients with inactive TED, also being different only from healthy control (62.5% 
versus 6.7%; p=0.0273). Active TED patients presented no statistical difference among MGD (37.5%), ATD (12.5%) and 
MDE (18.8%). Patients without apparent ophthalmopathy had similar rates of MGD (13.3%), ATD (13.3%), and MDE 
(20%). We did not find differences regarding other ophthalmological parameters, except for more intense redness in 
active TED than GD without ophthalmopathy (2.02 versus 1.36, p=0.0214) (Table 3). Figure 1 displays examples of the 
ocular surface and tear film main findings in active TED patients’ cohort.

Table 1 Demographic Data from Patients with Active and Inactive TED, without TED and Healthy Controls

Variables Active TED (CAS ≥ 3)  
N = 17

Inactive TED (CAS < 3)  
N = 16

Without TED  
N = 16

Healthy Controls  
N = 16

p-value

Sex (female/male) 12/5 
70.6% / 29.4%

13/3 
81.3% / 18.8%

11/5 
68.8% / 31.3%

12/4 
75% / 25%

0.9247

Age at the evaluation (years) 53 ± 14.34 50.13 ± 15.44 48 ± 14.52 49.63 ± 12.48 0.7940

Thyroid disease duration (months) 109.41 ± 118 99.31 ± 89.92 70.44 ± 83.23 - 0.5455

TSH at the evaluation (uUI/mL) 1.60 ± 1.79 1.38 ± 1.62 1.77 ± 1.44 2.55 ± 1.24 0.0846

fT4 at the evaluation (ng/dL) 1.69 ± 1.45 1.80 ± 1.29 1.50 ± 0.76 1.11 ± 0.13 0.1166

fT3 at the evaluation (ng/dL) 0.58 ± 0.87 0.51 ± 0.49 0.48 ± 0.37 0.28 ± 0.04 0.0450a

TRAb (> 1.58 UI/L) 19.80 ±16.09 25.07 ± 14.05 16.08 ± 13.87 - 0.2948

Smoking habits Non-smoker 14 (82.4%) 14 (87.5%) 13 (81.3%) 15 (93.8%) 0.8603

Currently 
smoking

3 (17.6%) 2 (12.5%) 3 (18.8%) 1 (6.3%)

Current 
Treatment

Radioiodine 3 (17.6%) 5 (31.3%) 3 (18.8%) - 0.6896

Antithyroid 
drug

12 (70.6%) 9 (56.3%) 11 (68.8%) - 0.6465

Thyroidectomy 1 (5.9%) 2 (12.5%) 1 (6.3%) - 0.8357

Notes: Values are reported as mean or counts. The P-value indicates if any statistically significant difference was found between groups. aGD without ophthalmopathy > the 
healthy controls. 
Abbreviations: TED, Thyroid eye disease; N, number; TSH, Thyroid Stimulating Hormone; fT4, free Thyroxine; fT3; TgAb, Thyroglobulin Antibodies; TPOAb, Thyroid 
Peroxidase Antibodies; TRAb, TSH receptor antibody.
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Ocular Surface Disease
There were no differences between the presence of dry eye regarding age at the evaluation, sex, smoking habits, TSH, 
fT4, fT3, TRAb, and CAS. OSDI was higher in patients diagnosed with DED (active TED, p=0.0414; without TED, 
p=0.0014; and healthy control, p=0.0026). P-value was not calculated in the inactive group because only two patients did 
not have DED. Patients with active TED who underwent orbital decompression surgery had less DED (p=0.0128). Tear 
film stability evaluated by TBUT was more prolonged in active TED without DED (p=0.0326), which was not seen 
among patients without TED and healthy control. The p-value was not calculated in the inactive group because only two 
patients did not have DED. MMP-9 was more frequently positive among patients with active and inactive TED with 
DED, however, we could not calculate the p-value due to the number of patients. The same was not seen among GD 
without ophthalmopathy and healthy controls. Most patients without ophthalmopathy or DED had a higher frequency of 
positive MMP-9 (62.5%) and a greater ophthalmometry (p=0.0304) (Table 4).

Spearman Correlation
The correlation between exophthalmometry and OSDI was analyzed in all groups, as well as between CAS, OSDI and 
redness among patients with active and inactive TED, however, none was found to be significant. No correlation was also 
found between TSH, fT4, and fT3 at evaluation and redness among all groups. (Data not shown).

Factors Associated with DED
By univariate logistic regression analysis, inactive TED was a factor associated with DED (odds ratio 14, confidence 
interval 2.24–87.24, p=0.0047). Age at assessment and age at diagnosis of GD, sex, smoking, as well as individuals in the 
control group, patients with GD without ophthalmopathy and with active TED were evaluated without showing statistical 
significance (data not shown). It was not possible to perform multivariate logistic regression analysis.

Table 2 Clinic Assessment of the Eyes and Tears MMP-9 in Patients with Active and Inactive TED, without TED and Healthy Controls

Variables Active TED (CAS ≥ 3)  
N = 17

Inactive TED (CAS < 3)  
N = 16

Without TED  
N = 16

Healthy Controls  
N = 16

p-value

CAS 3.76 ± 1.09 0.88 ± 0.81 – – <0.001a

Spontaneous retrobulbar pain 5 (29.4%) - – – 0.0445b

Gaze-evoked orbital pain 4 (23.5%) - – – 0.1026b

Swelling of eyelids 16 (94.1%) 7 (43.8%) – – 0.0024b

Redness of eyelids 10 (58.8%) 0 (0%) – – 0.0003b

Redness of conjunctiva 16 (94.1%) 5 (31.3%) – – 0.0002c

Swelling of conjunctiva (chemosis) 3 (17.6%) - – – 0.2277b

Swelling of caruncle or plica 10 (58.8%) 2 (12.5%) – – 0.0057c

Ophthalmometry Right Eye (mm) 15.2 ± 3.63 13.06 ± 1.24 9.25 ± 1.0 8.88 ± 1.09 <0.0001d

Ophthalmometry Left Eye (mm) 14.59 ± 4.86 13.06 ± 1.39 9.25 ± 1.0 8.88 ± 1.09 <0.0001d

MMP-9 Right Eye Positive 16 (94.1%) 12 (75%) 9 (56.3%) 2 (12.5%) <0.0001c

Negative 1 (5.9%) 4 (25%) 7 (43.8%) 14 (87.5%)

MMP-9 Left Eye Positive 16 (94.1%) 11 (68.8%) 9 (56.3%) 2 (12.5%) <0.0001c

Negative 1 (5.9%) 5 (31.3%) 7 (43.8%) 14 (87.5%)

Notes: Values are reported as mean or counts. The P-value indicates if any statistically significant difference was found between groups. aMann–Whitney test. bFisher’s exact 
test. cQui-square test. dKruskal–Wallis test followed by Dunn’s test to assess differences. Active TED > GD without ophthalmopathy; Active TED > healthy controls; Inactive 
TED > GD without ophthalmopathy; GD without ophthalmopathy > healthy controls. 
Abbreviations: TED, Thyroid eye disease; CAS, Clinical Activity Score; N, number; GD, Graves’ disease; MMP-9, matrix metalloproteinase –9.
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Discussion
This study investigated the presence of OSD through a comprehensive qualitative evaluation in GD patients with 
ophthalmopathy in different phases of inflammation and without this manifestation. A high prevalence of DED was 
demonstrated among the patients with GD, particularly in the group with inactive TED, reaching up to 87.5% of the 
subjects analyzed. In fact, inactive TED was a factor associated with DED. Moreover, the qualitative tear MMP-9 test 
was more frequently positive among individuals with active TED than in other groups, possibly establishing a link 
between MMP-9 and ocular soft tissue inflammation.

DED is an important multifactorial OSD associated with ocular discomfort that significantly impairs the quality of life 
and daily activities, especially in groups where other risk factors might be present such as ageing, sex, hormone 
dysfunctions, environmental exposures, and lifestyle conditions.24 GD patients are at increased risk of DED, as shown 
by our and other studies.1–3 We found a high prevalence of DED in all subjects with GD, especially among patients with 
inactive ophthalmopathy, representing the chronic and fibrotic phases of TED. On the other hand, the prevalence of DED 
was also elevated among patients without ophthalmopathy and with active TED, reaching 68.8% and 46.7%, 
respectively.

Table 3 Ophthalmological Assessment in Patients with Active and Inactive TED, without TED and Healthy Controls

Variables Active TED (CAS ≥ 3)  
N = 16

Inactive TED (CAS < 3)  
N = 16

Without TED  
N = 15

Healthy Controls  
N = 15

p-value

Dry Eye 11 (68.8%) 14 (87.5%) 7 (46.7%) 5 (33.3%) 0.0113#b

Aqueous Tear Deficiency 2 (12.5%) 1 (6.3%) 2 (13.3%) 1 (6.7%) 0.0273&c

Evaporative Dry Eye/MGD 6 (37.5%) 10 (62.5%) 2 (13.3%) 1 (6.7%)

Mixed Dry Eye 3 (18.8%) 3 (18.8%) 3 (20%) 3 (20%)

OSDI 43.37 ± 27.04 36.89 ± 24.59 20.44 ± 17.74 16.02 ± 18.92 0.00373@a

Tear Meniscus Height 0.22 ± 0.09 0.27 ± 0.13 0.2 ± 0.07 0.2 ± 0.07 0.4556a

NITBUT Breakup first 6.87 ± 4.92 8.81 ± 6.54 9.53 ± 6.94 9.18 ± 5.93 0.4414a

NITBUT average 10.71 ± 5.49 11.78 ± 6.9 13.07 ± 5.64 11.58 ± 6.14 0.7188a

Conjunctival redness 2.02 ± 0.62 1.56 ± 0.55 1.36 ± 0.52 1.48 ± 0.34 0.0214$a

Fluorescein staining 1.31 ± 1.92 0.63 ± 0.72 0.4 ± 0.91 0.27 ± 0.7 0.0786a

Fluorescein Tear Break up time 6.38 ± 2.33 6.94 ± 3.94 7.87 ± 3.93 7.6 ± 5.34 0.8694a

Lissamine staining 0.56 ± 0.89 0.56 ± 0.63 0.4 ± 0.51 0.47 ± 0.64 0.9235a

Schirmer test 21.44 ± 12.15 20.06 ± 15.63 15.71 ± 11.13 15.27 ± 10.7 0.4267a

Meiboscore 0 2 (12.5%) 1 (6.3%) 5 (33.3%) 6 (40%) 0.1424c

1 5 (31.3%) 7 (43.8%) 5 (33.3%) 7 (46.7%)

2 7 (43.8%) 6 (37.5%) 5 (33.3%) 1 (6.7%)

3 2 (12.5%) 2 (12.5%) – 1 (6.7%)

Telangiectasia 8 (66.7%) 11 (73.3%) 5 (35.7%) 5 (33.3%) 0.0616b

Anterior Blepharitis 1 (10%) 3 (20%) 1 (7.1%) 0 (0%) 0.3866c

Marginal lid keratinization 1 (9.1%) 1 (6.7%) – – –

Notes: Values are reported as mean or counts. The P-value indicates if any statistically significant difference was found between groups. aKruskal–Wallis test followed by 
Dunn’s test to assess differences. bQui-square test. cFisher’s exact test. #Inactive TED > healthy controls. &Inactive TED > healthy controls. @Active TED > healthy controls; 
Inactive TED > healthy controls. $Active TED > GD without ophthalmopathy. 
Abbreviations: TED, Thyroid eye disease; CAS, Clinical Activity Score; N, number; GD, Graves’ disease; OSDI, Ocular Surface Disease Index; MGD, meibomian gland 
dysfunction; NITBUT, non-invasive tear film break-up time.
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In the context of thyroid disease, this study remarks the noteworthy findings related to alterations in ocular surface 
and the broad presentation of diagnostic tests, ocular symptoms measurements, and possible markers of DED subtypes in 
affected patients. The findings revealed a high prevalence of symptoms reported through the application of the OSDI 
questionnaires shedding light on the potential impact on patients’ quality of life. Additionally, there were observed 
correlations and disparities in the ocular surface set of tests, such as the conjunctival hyperemia scores, indicative of 
ocular surface inflammation and increased Schirmer test results, suggesting a potential compensatory reflex mechanism, 
respectively. These findings underscore the importance of assessing ocular surface parameters in a comprehensive way 
and managing ocular surface health in thyroid disease patients to improve their overall well-being. Of note, the 
quantification of ocular symptoms in thyroid disease patients holds paramount significance. By systematically assessing 
and quantifying symptoms, healthcare providers gain valuable insights into the extent of ocular discomfort and impair-
ment experienced by these individuals. Such evaluation not only aids in the early detection and diagnosis of DED, but 
also provides a basis for monitoring treatment effectiveness over time. Furthermore, it highlights the profound impact 
that thyroid disease can have on ocular health and underscores the importance of tailored interventions to improve the 
overall quality of life for affected patients.

The etiopathogenesis of DED in TED is not entirely known, but some underlying mechanisms have been proposed. 
Ocular surface exposure secondary to proptosis, eyelid retraction, widening of the palpebral fissure and incomplete eyelid 
closure seems to be the leading cause. Any abnormality in the function of the eyelids results in increased tear evaporation 
and the formation of dry spots, due to epithelial disruption.7 Although our study has not found a clear association 
between ophthalmometry and DED, we found that patients with active TED who underwent orbital decompression 
surgery had less DED, probably due to lower ocular surface exposure. Additionally, the degree of tear film evaporation is 
closely related to ocular surface exposure and damage.7,27,28

The reduced tear production, possibly associated with TSHR expressed in LGs, is another critical mechanism 
involved in the pathogenesis of DED in TED.8 Moreover, LGs also express somatostatin receptors and were found to 

Figure 1 Ocular surface and tear film main findings among patients with active Graves’ ophthalmopathy. Line 1 – Aqueous Tear Deficiency: (A1) Very low tear meniscus 
height (0.08mm); (B1) Mild conjunctival redness; (C1) Abnormal tear film break-up time (5.35s); (D1) Normal meibography. Line 2 – Meibomian Gland Dysfunction: (A2) 
Normal tear meniscus height (0.22mm); (B2) Severe conjunctival redness; (C2) Abnormal tear film break-up time (4.40s); (D2) Severe meibomian gland atrophy. Line 3 – 
Mixed dry eye: (A3) Low tear meniscus height (0.17mm); (B3) Moderate conjunctival redness; (C3) Abnormal tear film break-up time (3.25s); (D3) Moderate meibomian 
gland atrophy.
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Table 4 Dry Eye Disease Between Groups of Patients with Graves’ Disease Regarding the Presence of Thyroid Eye Disease

Variables Active TED (CAS ≥ 3) N = 16 Inactive TED (CAS < 3) N = 16 Without TEDN = 15 Healthy Controls N = 15

Dry Eye Dry Eye Dry Eye Dry Eye

Yes N=11 No N=6 p-value Yes N=14 No N=2 p-value Yes N=7 No N=8 p-value Yes N=5 No N=10 p-value

Age 54.45±14.69 53.2±14.31 0.7336 50.79±16.38 45.5±6.36 - 53.43±11.7 45.25±16.11 0.2955 50.4±7.2 48.2 

±14.91

0.6679

Sex Female 9 (81.8%) 3 (40%) 0.2445 11 (78.6%) 2 (100%) - 6 (85.7%) 4 (50%) 0.2821 4 (80%) 7 (70%) 1.000

Male 2 (18.2%) 3 (60%) 3 (21.4%) 0 1 (14.3%) 4 (50%) 1 (20%) 3 (30%)

Smoking 2 (18.2%) 1 (20%) 1.0000 2 (14.3%) 0 - 0 3 (37.5%) 0.2000

Eye surgery 1 (9.1%) 4 (80%) 0.0128 4 (28.6%) 0 - 1 (14.3%) 0 - - -

TSH 1.61±1.85 1.9±1.89 0.9074 1.18±1.47 2.8±2.56 - 1.15±1.1 2.34±1.63 0.1817 2.74±1.52 2.55±1.19 0.9512

fT4 1.77±1.77 1.41±0.64 0.9098 1.87±1.37 1.26±0.03 - 1.7±1.07 1.33±0.42 0.7719 1.09±0.12 1.11±0.15 0.9511

fT3 0.64±1.08 0.5±0.31 0.2562 0.54±0.51 0.3±0.08 - 0.61±0.51 0.38±0.2 0.1801 0.31±0.06 0.27±0.02 0.2408

TRAb 21.11±15.8 20.5±18.07 0.8194 24.29±14.44 30.5 
±13.44

- 16.35 
±14.41

16.87 
±14.97

0.8617 - - -

CAS 3.91±1.22 3.6±0.89 0.7117 0.86±0.77 1±1.41 - - - - - - -

Ophthalmometry 15.45±4.18 16.8±5.45 0.9091 13.14±1.41 13±0 - 8.71±0.95 9.88±0.64 0.0304 9.0±1.15 8.8±1.1 0.7860

OSDI 53.69± 23.08 20.67± 21.77 0.0414 40.37± 24.36 12.5±0 - 35.69 

±14.25

7.1±4.44 0.0014 38.52 

±16.24

4.77±4.22 0.0026

NITBUT 5.36±1.36 8.6±2.61 0.0326 6.71±4.07 8.5±3.54 - 7.29±4.27 8.38±3.81 0.5203 7.4±6.54 7.75.03 0.3469

MMP-9 Right Positive 10 (90.9%) 5 (100%) - 11 (78.6%) 1 (50%) - 4 (57.1%) 5 (62.5%) 1.0000 1 (20%) 1 (10%) 
9 (90%)

-
Negative 1 (9.18%) 0 (0%) 3 (21.4%) 1 (50%) 3 (42.9%) 3 (37.5%) 4 (80%)

MMP-9 Left Positive 10 (90.9%) 5 (100%) - 10 (71.4%) 1 (50%) - 4 (57.1%) 5 (62.5%) 1.0000 1 (20%) 1 (10%) 
9 (90%)

-
Negative 1 (9.18%) 0 (0%) 4 (28.6%) 1 (50%) 3 (42.9%) 3 (37.5%) 4 (80%)

Notes: Values are reported as mean or counts. The P-value indicates if any statistically significant difference was found between groups. 
Abbreviations: TED, Graves’ ophthalmopathy; N, number; TSH, Thyroid Stimulating Hormone; fT4, free Thyroxine; fT3; TRAb, TSH receptor antibody; CAS, Clinical Activity Score; OSDI, Ocular Surface Disease Index; NITBUT, non- 
invasive tear film break-up time; MMP-9, matrix metalloproteinase –9.
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be enlarged in imaging exams.29–31 The combination of these features may result in LGs impairment, hence, aqueous 
deficiency. Interestingly, our study found a small percentage of patients with DED secondary to ATD among all groups, 
suggesting that the tear volume was not associated with the presence of ophthalmopathy, both in the inflammatory 
activity and fibrotic phases. Indeed, it is relevant to consider the compensatory phases of DED, where some reflex 
response of tearing is stimulated to compensate tear film imbalance and ocular surface inflammation.

MGD also plays an essential role in this process, since indicates eyelid gland dysfunction that impairs the production 
of the lipid layer of the tears, leading to EDE. Likewise other authors32–36, our study demonstrated that the main cause of 
DED among the subjects with inactive TED was MGD. The function and morphology of the MGs have been investigated 
in previous studies, and most found a higher prevalence of obstructive MGD but mild or no loss of MGs.34,36 

Furthermore, it has been shown a particular involvement of the upper eyelids.32,36 The mechanisms behind the MGD 
in subjects with TED are not entirely elucidated. Still, evidence suggests that the incomplete blinking resulting from 
proptosis and palpebral fissure height lead to obstruction of Meibomian glands.32–37 Kim et al 34 found an association 
between CAS and loss of MGs structure, possibly explained by ocular inflammation causing ocular surface and 
morphological changes. Our study did not find an association between symptoms of dry eye and proptosis or inflamma-
tion among patients with active and inactive TED, which could be explained by the relatively low number of patients in 
each group compared to the study previously mentioned.

Although the link between soft tissue inflammation and change of ocular surface was not clearly demonstrated in our 
study, 16 out of 17 patients in the active TED group had positive MMP-9 tests, even the ones without DED, suggesting 
a relationship between ocular inflammation and MMP-9. Elevated levels of active MMP-2 and MMP-9 in tear fluid and 
cornea epithelium have also been reported among patients with recurrent corneal ulceration, possibly modifying the 
cornea barrier function and increasing cornea epithelial permeability.38

MMPs are considered serum markers of fibrosis as they play a key role in extracellular matrix remodeling. MMPs 
break down ECM while TIMPs regulate MMPs activity preventing inadequate ECM deposition and degradation. The fine 
balance between MMPs and their counteracting TIMPs, essential to maintain adequate ECM remodeling and disposal, 
may be impaired in both acute and chronic phases of ophthalmopathy.14,15 Mysliwiec et al21 assessed serum MMP-2, 
MMP-9, and TIMP-1 in patients with active TED before and after GCS therapy. There were no changes in MMP-2 and 
TIMP-1, but MMP-9 levels were significantly lower after GCS administration. Similarly, Kapelko-Slowik et al20 

evaluated serum MMP-9, MMP-2, TIMP1 and TIMP-2 among patients with and without TED. All levels were elevated 
in all patients than in healthy subjects, but only MMP-9 was able to differentiate between patients with and without TED.

Increased MMP activity, predominantly MMP-2 and MMP-9, is also present in other conditions such as RA and 
psoriatic arthritis (PA), as well as diabetic foot ulcers, contributing to persistent inflammation and poor healing.17,18,39,40 

Giannelli et al19 investigated the expression of MMP-2, MMP-9, TIMP-1 and TIMP-9, in serum and synovial fluid of 
patients with RA and PA. They found dramatically elevated levels of MMP-9 in the active and latent forms of both 
diseases, while MMP-2 was only detected in the latent form. We hypothesized that a similar process occurs in GD due to 
the high positivity rates of MMP-9 in our subjects with GD, regardless of the presence of DED.

One of the limitations of our study is the small number of patients in each group, which might be why we could not 
find a connection between DED and inflammation. Also, lid width, including upper-lower lid retraction and lid closure 
measurements were not performed once the ocular evaluation was focused on the ocular surface parameters. Still, we 
were able to compare patients in two different phases of the inflammatory process, active and non-active ophthalmopathy, 
along with a group without apparent ophthalmopathy and healthy control. In addition, our patients underwent a thorough 
ophthalmological assessment to detect abnormalities of the ocular surface, tear film, symptoms quantification and MMP- 
9 as a possible biomarker. Distinct subtypes of DED were evaluated, as well as the main ocular surface and tear 
parameters.

We suggest that the assessment of the ocular surface and severity of dry eye should be performed with the classic 
evaluation of eye involvement in all patients with GD, regardless of the presence of ophthalmopathy, given the high rates 
of DED. By providing a detailed evaluation of the ocular surface parameters along with symptom quantification, this 
study emphasized awareness about the impact of TED on the ocular surface and diagnostic pathways that could be 
helpful. Once identified, proper therapeutic strategies may be prescribed to improve comfort and avoid complications. 
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Patients should be educated about the main aspects of OSD and how to improve comfort with tear replacement and 
environmental exposure control, such as visual display use, pollution, low humidity, and air-conditioning.

Conclusion
Patients with GD were symptomatic and presented a high prevalence of ocular surface changes and DED, particularly the 
subgroup with inactive TED, adding another burden to their already compromised quality of life. Among all subgroups of 
TED markedly high scores of ocular surface symptoms were found. OSD was also more prevalent among patients with 
inactive TED, mainly due to MGD, indicating dysfunction in marginal eyelid glands that produce the tear lipid layer. 
Tear MMP-9 detection was associated with active TED suggesting a possible relationship between ocular surface 
changes and the initial inflammatory phase of ophthalmopathy. Further studies are needed to investigate the relationship 
between orbital soft tissue inflammation and change in the ocular surface.
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